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Preface to the Seventh Edition

When Lynn Colby and I first began writing a book on thera-
peutic exercise over 30 years ago, it was simply an idea to fill
a basic need in the education of physical therapists. Our first
effort was a soft-cover product in outline form that was pri-
marily marketed as a laboratory manual. The evolution of
each succeeding edition came about from our creative insights
and collaborative efforts to bring to the student and profes-
sional community the most up-to-date resource possible.
Lynn has decided that this is the last edition with which she
will be involved—I will miss her exceptional abilities, her col-
legiality, and the partnership that has grown over the years. I
am at a loss to know how to thank her for her many years of
love and dedication to this project and the friendship that has
developed through our partnership. I simply say, thank you
Lynn. Enjoy your well-deserved retirement. 

For this edition we brought on a new co-author, John
Borstad, PT, PhD. He was a contributor in our 6th edition and
has been involved in other publications and research. You will
see his name on many of the chapters in this edition as he has
stepped into the roles of updating, revising, and editing. His
biographical information follows in the About the Authors
section. It is exciting to have him on board, and I look forward
to our ongoing collaborative efforts.

The authors and contributors of this book have continu-
ally sought to incorporate current trends and research to sup-
port the foundational concepts of therapeutic exercise on

which the student can learn and the practitioner can grow in
their expertise of treating patients. In addition to the extensive
and thorough revisions of content, the Focus on Evidence and
Clinical Tips features, as well as links to video demonstrations
of key interventions, are again highlighted in this edition.
Whenever applicable, Clinical Practice Guidelines (CPGs)
are included within the Focus on Evidence sections.

We have added a new chapter on Exercise in the Older
Adult (Chapter 24). With this being such a critical area of
practice in physical therapy, we anticipate that the content of
the chapter will provide a foundation of information and sug-
gested interventions that all practitioners will find useful
when working with older individuals. There has also been im-
portant updating of information on use of the ICF language
(International Classification of Functioning Disability and
Health) in Chapter 1; an expansion of information on pre-
vention, health, and wellness in Chapter 2; and incorporation
of managing male incontinence in Chapter 25. With the ex-
panding use of the Internet we decided to move some of our
tables, boxes, and glossary online.  When these resources are
available, the reader will be referred to the F.A. Davis website
associated with this edition for easy access to this feature. 

As with previous editions, it is our hope that this updated
text will provide a resource for learning and professional
growth for the students and health-care practitioners who 
utilize therapeutic exercise.
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Almost everyone, regardless of age, values the ability to func-
tion as independently as possible during activities of everyday
life. Health-care consumers (patients and clients) typically seek
out or are referred for physical therapy services because of phys-
ical impairments associated with disorders of the movement
system caused by injury, disease, or health-related conditions
that restrict their ability to participate in any number of activ-
ities that are necessary or important to them. Physical therapy
services may also be sought by individuals who have no im-
pairments or functional deficits but who wish to improve their
overall level of fitness and quality of life or reduce the risk of
injury or disease. An individually designed therapeutic exercise
program is almost always a fundamental component of the
physical therapy services provided. This stands to reason be-
cause the ultimate goal of a therapeutic exercise program is the
achievement of an optimal level of symptom-free movement
during basic to complex physical activities.

To develop and implement effective exercise interventions,
a therapist must understand how the many forms of exercise
affect tissues of the body and body systems and how those 
exercise-induced effects have an impact on key aspects of
physical function as they relate to the human movement sys-
tem. A therapist must also integrate and apply knowledge of
anatomy, physiology, kinesiology, pathology, and the behav-
ioral sciences across the continuum of patient/client manage-
ment from the initial examination to discharge planning. To

develop therapeutic exercise programs that culminate in pos-
itive and meaningful functional outcomes for patients and
clients, a therapist must understand the relationships among
physical functioning, health, and disability and apply these
conceptual relationships to patient/client management to fa-
cilitate the provision of effective and efficient health-care
services. Lastly, a therapist, as a patient/client educator, must
know and apply principles of motor learning and motor skill
acquisition to exercise instruction and functional training.

Therefore, the purpose of this chapter is to present an
overview of the scope of therapeutic exercise interventions
used in physical therapy practice. This chapter also discusses
several models of health, functioning, and disability as well
as patient/client management as they relate to therapeutic 
exercise and explores strategies for teaching and progressing
exercises and functional motor skills based on principles of
motor learning.

Therapeutic Exercise: Impact
on Physical Function

Of the many procedures used by physical therapists in the
continuum of care of patients and clients, therapeutic exercise
takes its place as one of the key elements that lies at the center
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of programs designed to improve or restore an individual’s
function or to prevent dysfunction.4

Definition of Therapeutic Exercise
Therapeutic exercise4,5 is the systematic, planned performance
of physical movements, postures, or activities intended to
provide a patient/client with the means to:

■  Remediate or prevent impairments of body functions and
structures.

■  Improve, restore, or enhance activities and participation.
■  Prevent or reduce health-related risk factors.
■  Optimize overall health, fitness, or sense of well-being.

The beneficial effects of therapeutic exercise for individuals
with a wide variety of health conditions and related physical
impairments are documented extensively in the scientific 
literature182 and are addressed in each of the chapters of this
textbook.

Therapeutic exercise programs designed by physical ther-
apists are individualized to the unique needs of each patient
or client. A patient is an individual with impairments and
functional deficits diagnosed by a physical therapist and is re-
ceiving physical therapy care to improve function and prevent
disability.4 A client is an individual without diagnosed move-
ment dysfunction who engages in physical therapy services 
to promote health and wellness and to prevent dysfunction.4

Because the focus of this textbook is on the management of
individuals with body function and structure impairments,
activity limitations, and participation restrictions, the authors
have chosen to use the term “patient,” rather than “client” or
“patient/client,” throughout this text. We believe that all in-
dividuals receiving physical therapy services must be active
participants rather than passive recipients in the rehabilitation
process to learn how to self-manage their health needs.

Components of Physical Function
Related to Human Movement:
Definition of Key Terms
The ability to function independently at home, in the work-
place, within the community, or during leisure and recre-
ational activities is contingent upon physical as well as
psychological and social function. The multidimensional as-
pects of physical function encompass the diverse yet interre-
lated areas of movement performance that are depicted in
Figure 1.1. These elements of function are characterized by
the following definitions.

Balance. The ability to align body segments against gravity
to maintain or move the body (center of mass) within the
available base of support without falling; the ability to move
the body in equilibrium with gravity via interaction of the
sensory and motor systems.4,94,107,125,166,169,170

Cardiopulmonary endurance. The ability to perform 
moderate-intensity, repetitive, total body movements (walking,

jogging, cycling, swimming, etc.) over an extended period of
time.2,115 A synonymous term is cardiopulmonary fitness.

Coordination. The correct timing and sequencing of muscle
firing combined with the appropriate intensity of muscular
contraction leading to the effective initiation, guiding, and
grading of movement. Coordination is the basis of smooth,
accurate, efficient movement and occurs at a conscious or 
automatic level.139,142,165

Flexibility. The ability to move freely, without restriction;
used interchangeably with mobility.

Mobility. The ability of structures or segments of the body
to move or be moved in order to allow the occurrence of
range of motion (ROM) for functional activities (functional
ROM).4,177 Passive mobility is dependent on soft tissue (con-
tractile and noncontractile) extensibility; in addition, active
mobility requires neuromuscular activation.

Muscle performance. The capacity of muscle to produce
tension and do physical work. Muscle performance encom-
passes strength, power, and muscular endurance.4

Neuromuscular control. Interaction of the sensory and
motor systems that enables synergists, agonists, and antago-
nists, as well as stabilizers and neutralizers, to anticipate or re-
spond to proprioceptive and kinesthetic information and,
subsequently, to work in correct sequence to create coordinated
movement.102

Postural control, postural stability, and equilibrium.
Used interchangeably with static or dynamic balance.73,166,169

Stability. The ability of the neuromuscular system through
synergistic muscle actions to hold a proximal or distal body

2 Therapeutic Exercise: Impact on Physical Function

FIGURE 1.1 Interrelated components of physical function.

5850_Ch01_001-042  17/08/17  5:59 PM  Page 2



segment in a stationary position or to control a stable base
during superimposed movement.73,169,177  Joint stability is the
maintenance of proper alignment of bony partners of a joint
by means of passive and dynamic components.122

The human movement system is the foundation for phys-
ical therapy and the focus for physical function.160 The sys-
tems of the body that interact to control each of these
elements of physical function react, adapt, and develop in 
response to forces and physical stresses (stress = force / area)
placed upon tissues that make up the component parts of
movement.115,121,160 Gravity, for example, is a constant force
that affects the musculoskeletal, neuromuscular, and circulatory
systems. Additional forces, incurred during routine physical ac-
tivities, help the body maintain a functional level of strength,
cardiopulmonary fitness, and mobility. Imposed forces and
physical stresses that are excessive can cause acute injuries, such
as sprains and fractures, or chronic conditions, such as repeti-
tive stress disorders.121 The absence of typical forces on the
body also can cause degeneration, degradation, or deformity.
For example, the absence of normal weight bearing associated
with prolonged bed rest or immobilization weakens muscle 
and bone.2,3,17,121 Prolonged inactivity also leads to decreased
efficiency of the circulatory and pulmonary systems.2

Impairment of any one or more of the body systems and
subsequent impairment of any aspect of the human movement
system, separately or jointly, can limit or restrict an individual’s
ability to carry out or participate in daily activities. Therapeutic
exercise interventions involve the application of carefully
graded physical stresses and forces that are imposed on the
human movement system, specific tissues, or individual struc-
tures in a controlled, progressive, safely executed manner to 
enhance movement and improve the human experience.5,160

NOTE: In a recent article, Sahrmann160summarized the culmi-
nation of several decades of research by physical therapy leaders
to more clearly define the role of physical therapy in health care.
It has been proposed that physical therapy identify as a profes-
sion with a specific body system rather than with a type of inter-
vention in order to gain professional recognition for content
expertise. These proponents have defined the human movement
system as a physiological system that represents the scope of
practice and expertise of physical therapy. In this context, the
human movement system is described as a separate physiolog-
ical system comprised of interacting organs and systems includ-
ing the nervous and musculoskeletal systems that produce
movement and the pulmonary, cardiovascular, endocrine and 
integumentary systems that support movement.

Types of Therapeutic Exercise
Interventions
Therapeutic exercise embodies a wide variety of activities,
movements, and techniques. The individualized therapeutic ex-
ercise program is based on a therapist’s determination of the
underlying risk or cause of impairments in body function or
structure, activity limitations, or participation restrictions as
identified in the patient examination.5 The types of therapeutic

exercise interventions presented in this textbook are listed in
Box 1.1. 

NOTE: Although joint mobilization and manipulation procedures
often are categorized as manual therapy techniques, not thera-
peutic exercise,4 the authors of this textbook have chosen to 
include joint manipulative procedures under the broad definition
of therapeutic exercise to address the full scope of soft tissue
stretching techniques. 

Exercise Safety
Regardless of the type of therapeutic exercise intervention,
safety is a fundamental consideration whether the exercises
are performed independently or under a therapist’s direct su-
pervision. Patient safety, of course, is paramount; nonetheless,
the safety of the therapist also must be considered, particu-
larly when the therapist is directly involved in the application
of an exercise procedure or a manual technique.

Many factors can influence a patient’s safety during exercise.
Prior to engaging in exercise, a patient’s health history and cur-
rent health status must be explored. A patient unaccustomed to
physical exertion may be at risk for the occurrence of an adverse
effect from exercise associated with a known or an undiagnosed
health condition. Medications can adversely affect a patient’s
balance and coordination during exercise or cardiopulmonary
response to exercise. Therefore, risk factors must be identified
and weighed carefully before an exercise program is initiated.
Medical clearance from a patient’s physician may be indicated
before beginning an exercise program.

The environment in which exercises are performed also
affects patient safety. Adequate space and a proper support
surface for exercise are necessary prerequisites for patient
safety. If exercise equipment is used in the clinical setting or
at home, to ensure patient safety the equipment must be 
well maintained and in good working condition, must fit the
patient, and must be applied and used properly.

Specific to each exercise in a program, the accuracy with
which a patient performs an exercise affects safety, including
proper posture or alignment of the body, execution of the cor-
rect movement patterns, and performance of each exercise

CHAPTER 1 Therapeutic Exercise: Foundational Concepts 3

BOX 1.1 Therapeutic Exercise Interventions

■ Aerobic conditioning and reconditioning
■ Muscle performance exercises: strength, power, and

endurance training
■ Stretching techniques including muscle-lengthening

procedures and joint mobilization/manipulation techniques
■ Neuromuscular control, inhibition, and facilitation

techniques and posture awareness training
■ Postural control, body mechanics, and stabilization exercises
■ Balance exercises and agility training
■ Relaxation exercises
■ Breathing exercises and ventilatory muscle training
■ Task-specific functional training
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with the appropriate intensity, speed, and duration. A patient
must be informed of the signs of fatigue, the relationship of fa-
tigue to the risk of injury, and the importance of rest for recov-
ery during and after an exercise routine. When a patient is being
directly supervised in a clinical or home setting while learning
an exercise program, the therapist can control these variables.
However, when a patient is carrying out an exercise program
independently at home or at a community fitness facility, pa-
tient safety is enhanced and the risk of injury or re-injury is
minimized by effective exercise instruction and patient educa-
tion. Suggestions for effective exercise instruction and patient
education are discussed in a later section of this chapter.

As mentioned, therapist safety also is a consideration to
avoid work-related injury. For example, when a therapist is
using manual resistance during an exercise designed to 
improve a patient’s strength or is applying a stretch force
manually to improve a patient’s ROM, the therapist must 
incorporate principles of proper body mechanics and joint
protection into these manual techniques to minimize his or
her own risk of injury.

Throughout each of the chapters of this textbook, pre-
cautions, contraindications, and safety considerations are
addressed for the management of specific health condi-
tions, impairments, activity limitations, and participation
restrictions and for the use and progression of specific 
therapeutic exercise interventions.

Classification of Health Status,
Functioning, and Disability—
Evolution of Models and
Related Terminology

Background and Rationale 
for Classification Systems
Knowledge of the complex relationships among health status,
functioning, and disability provides a foundation for the 
delivery of effective health-care services.87,153,174 Without a
common conceptual understanding and vocabulary, the abil-
ity to communicate and share information across disciplines
and internationally is compromised for research, clinical
practice, academia, policy making, and legislation.153,176,199

Disablement refers to the impact and functional conse-
quence of acute or chronic conditions, such as disease, injury,
and congenital or developmental abnormalities, that compro-
mise basic human performance and an individual’s ability to
meet necessary, customary, expected, and desired societal
functions and roles.85,123,193 Disability is more than a conse-
quence of a medical condition; rather, it is part of the human
condition that is experienced by everyone either temporarily
or permanently.76,199 The disabling process depends on count-
less factors, such as access to quality care, severity and duration
of the condition, motivation and attitude of the patient, and
support from family and society. Depending on individual

variables and social support, the disabling course is altered and
levels of functioning vary among patients with the same med-
ical diagnosis.85,123,176,193 Defining a person’s ability to function
in the presence or absence of a health condition is a complex
task that is better understood if practitioners, researchers, 
educators, policy makers, and legislators are using the same
vocabulary and classification system.

Models of Functioning and
Disability—Past and Present
Early Models
Several models that describe disability have been proposed
worldwide over the past several decades. Two early theories
were the Nagi model 123,124 and the International Classification
of Impairments, Disabilities, and Handicaps (ICIDH) model
for the World Health Organization (WHO).67,75 The National
Center for Medical Rehabilitation Research (NCMRR) created
a third model that introduced individual risk factors for dis-
ability based on both physical and social risks.126

During the 1990s, physical therapists began to explore the
potential use of disablement models and suggested that disable-
ment schema and related terminology provided an appropri-
ate framework for clinical decision-making in practice and
research.64,84,162 In addition, practitioners and researchers sug-
gested that adoption of disablement-related language could be
a mechanism to standardize terminology for documentation
and communication in the clinical and research settings.65 The
American Physical Therapy Association (APTA) subsequently
incorporated an extension of the Nagi disablement model and
related terminology in its consensus document, the Guide to
Physical Therapist Practice 4 (often called the Guide) in both its
first edition in 1997 and second edition in 2001. Within the pro-
fession, this created a unifying force for documentation, com-
munication, clinical practice, and research by designating a
disablement framework for organizing and prioritizing clinical
decisions made during the continuum of physical therapy care.

The conceptual frameworks of the Nagi, ICIDH, and
NCMRR models, although applied widely in clinical practice
and research, have been criticized internationally for their
perceived focus on pathology.41 These early models all de-
scribe a unidirectional path toward disability caused directly
by the consequences of disease based on a medical-biological
description without consideration of environmental or social
influences.41,176  In response to these criticisms, the WHO un-
dertook a broad revision of its ICIDH model, and in 2001 the
International Classification of Functioning, Disability, and
Health (ICF) was introduced and characterized as a biopsy-
chosocial model where environmental factors and personal
factors are integrated into the concept of functioning and dis-
ability (Fig. 1.2).76,77,173,174,175

While the ICF is used to classify functioning and disabil-
ity associated with health conditions, the WHO has a com-
panion classification system to classify health conditions
(diseases, disorders, and injuries) called the International
Classification of Disease (ICD). Together, the use of these
two classification systems provides a broader and more

4 Classification of Health Status, Functioning, and Disability—Evolution of Models and Related Terminology
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meaningful picture of the health of both individuals and
populations worldwide.77

The ICF—An Overview of the Model
Unlike previous models, the ICF does not focus on disability
or on disease, but is intended to classify and code different
health and health-related states experienced by everyone. The
ICF takes a neutral approach to the human experience as it
relates to components of health and functioning, experienced
by all people, not just people with disabilities.76,77,199  The ICF

also includes both environmental and personal factors that
influence how people with or without disability live and par-
ticipate in society.41,77,199

As shown in Table 1.1, the ICF model organizes information
about health into two basic parts. The first, labeled Part 1: Func-
tioning and Disability, is subdivided into two components: 
(1) Body Functions and Structures and (2) Activities and Par-
ticipation. The two umbrella terms, functioning and disability,
are based on the classification of body functions and structures
combined with activities and participation. Functioning is char-
acterized by positive interactions that are defined by the integrity
of body functions and structures and the ability to perform 
activities and participate in life situations. In contrast, disability
is characterized by the negative interactions of health situations
defined as impairments in body functions and structures, 
activity limitations, and participation restrictions.76,77

The second, labeled Part 2: Contextual Factors, also shown
in Table 1.1, is subdivided into two components: (1) Environ-
mental Factors and (2) Personal Factors. Contextual factors
represent the complete background of an individual’s life and
living situation.77  Environmental factors make up the physi-
cal, social, and attitudinal circumstances in which the indi-
vidual lives either with or without a health problem.77 These
factors are external to the individual but have either facilitat-
ing or hindering influences on the individual’s performance
at the levels of body functions and structures, execution of
activities, and participation in society. For this reason, Part 1
of the model is not classified separately from Part 2 as they
are hierarchal in their coding to represent the biopsychosocial
paradigm of a person’s health condition.1,77,144 
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Body Functions
& Structure

Environmental Factors

Contextual Factors

Health Condition
(disorder or disease)

Personal Factors

ParticipationActivity

FIGURE 1.2 The ICF Framework.

TABLE 1.1 An Overview of the International Classification of Functioning, Disability and Health (ICF)*

Part 1: Functioning and Disability Part 2: Contextual Factors

Body Functions Activities and 
Components and Structures Participation Environmental Factors Personal Factors

Domains

Constructs

Functioning

Positive aspect

Disability

Negative 
aspect

*From International Classification of Functioning, Disability and Health: ICF. Geneva: World Health Organization, 2008, p 13, with permission.

Body functions
Body structures

Changes in body
functions
(physiological)
Changes in body
structures (anatomical)

Functional and
structural integrity

Functional and/or
structural Impairment

Life areas
(tasks, actions)

Capacity: Executing
tasks in a standard
environment
Performance: Executing
tasks in the current
environment

Activities
Participation

Activity limitation
Participation restriction 

External influences on
functioning and
disability

Facilitating or hindering
impact of features of
the physical, social,
and attitudinal world

Facilitators

Barriers
Hindrances

Internal influences 
on functioning and
disability

Impact of attitudes 
of the person

Not applicable

Not applicable
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Definitions of key terms are summarized in Box 1.2.76,77,184

Numerous examples of these components are identified later
in this chapter.

NOTE: The ICF classification and coding methodology is also
unique from other models in its unit of measure. The individ-
ual is not placed in a classification, but rather the coding 
describes the situation of each person within an array of
health and health-related domains. The coding used in ICF is
complex and multifactorial, with inclusion of health, function-
ing, and environmental elements combined to describe the
ability of an individual to perform activities and participate in
society.1,41,77,88,174,175 

Components of the ICF and
Applications in Physical Therapy
Background
Traditionally, the physical therapy profession has been defined
by a body of knowledge and clinical applications that are di-
rected toward the elimination or remediation of disability.150

However, as the physical therapy profession has evolved, the
scope of practice has moved beyond solely the management
and remediation of disability and now includes promoting the
well-being of healthy individuals and preventing or reducing
risk factors that may lead to disability while considering the
external environmental and internal personal factors that 
influence each person’s response to their health condition.6

In 2008, the APTA officially endorsed the biopsychosocial
framework, vocabulary, and classification system of the ICF.
This began a continuing initiative over the past decade to inte-
grate this framework and vocabulary into research, clinical doc-
umentation, education, policy making, and legislation.5,77,141

To facilitate use of the ICF in clinical practice, several articles
have been published to provide suggestions for integrating the
ICF into specific components of physical therapy practice,
ethics, and patient management.1,48,49,144,153  In 2013, the third
edition of the Guide was published and is available only in an
electronic version in order to facilitate timely updates to reflect
the rapid changes in physical therapy practice, including the
integration of ICF as the adopted framework for defining the
realm of functioning and disability.5

For example, use of ICF language for documentation in
the clinical setting is being encouraged.16,141  The most note-
worthy application of the ICF can be found in a series of clin-
ical practice guidelines developed and published by the
specialty sections of the APTA. These guidelines use the ICF
as the basis for describing and classifying care provided by
physical therapists.58,95  Information from the guidelines 
addressing the efficacy of therapeutic exercise interventions
for health conditions and associated impairments commonly
seen in orthopedic physical therapy practice is discussed in
the regional chapters of this textbook.

Health Conditions
Health conditions, based on the terminology of the ICF
framework, are acute or chronic diseases, disorders, or injuries
or circumstances such as aging, pregnancy, or stress that have
an impact on a person’s level of function (see Fig. 1.2).76,77

Health conditions are the basis of a medical diagnosis and are
coded using the WHO’s companion classification system, the
International Classification of Disease (ICD).77 

Physical therapists in all areas of practice treat patients with
a multitude of health conditions. Knowledge of health condi-
tions is important background information, but it does not tell
the therapist how to assess impairments in body function or
structure or how to assess when activities are limited or partic-
ipation is restricted as a result of the health condition. Despite
an accurate medical diagnosis and a therapist’s thorough
knowledge of specific health conditions, the experienced ther-
apist knows that two patients with the same medical diagnosis,
such as rheumatoid arthritis, and the same extent of joint de-
struction (confirmed radiologically) may have very different
severities of impairment, activity limitation, and participation
restriction. Consequently, they may have very different degrees
of disability. This emphasizes the need for physical therapists
to always assess the impact of a particular health condition on
movement and function when designing meaningful manage-
ment strategies to improve functional abilities.

Body Functions and Body Structures 
As noted previously, the first component of classification in Part
1 of the ICF is body functions and structures (see Table 1.1).
Body functions are the physiological functions of the body,

6 Classification of Health Status, Functioning, and Disability—Evolution of Models and Related Terminology

BOX 1.2 Definition of Key Terms in the ICF

■ Impairments in body function: Problems associated with
the physiology of the body systems (including psychological
functions).

■ Impairments in body structure: Problems with the
anatomical features of the body.

■ Activity limitations: Difficulties an individual may have in
executing actions, tasks, and activities.

■ Participation restrictions: Problems an individual may
experience with involvement in life situations, including
difficulties participating in self-care; responsibilities in the
home, workplace, or the community; and recreational,
leisure and social activities.

■ Contextual factors: The entire background of an
individual’s life and living situation composed of:
■ Environmental factors: Factors associated with the

physical, social, and attitudinal environment in which
people conduct their lives; factors may facilitate
functioning (facilitators) or hinder functioning and
contribute to disability (barriers).

■ Personal factors: Features of the individual that 
are not part of the health condition or health state;
includes age, gender, race, lifestyle habits, coping 
skills, character, affect, cultural and social background,
education, etc.
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whereas body structures describe the anatomical parts of the
body. These domains of classification occur at the cellular, tissue,
or body system level.

Types of Impairments 
Impairments are defined by the loss of integrity of the phys-
iological, anatomical, and/or psychological functions and
structures of the body and are a partial reflection of a person’s
health status. 

Some impairments of body structure are readily apparent
during a physical therapy examination through visual inspec-
tion. Such impairments include joint swelling, scarring, pres-
ence of an open wound, lymphedema or amputation of a limb,
or through palpation, such as adhesions, muscle spasm, and
joint crepitus. Other structural impairments must be identi-
fied by a variety of imaging techniques, such as radiographic
imaging to identify joint space narrowing associated with
arthritis or magnetic resonance imaging (MRI) to identify a
torn muscle or ligament.

Impairments of body function such as pain, reduced sensa-
tion, decreased ROM, deficits in muscle performance
(strength, power, and endurance), impaired balance or coor-
dination, abnormal reflexes, and reduced ventilation are those
most commonly identified by physical therapists and managed
with therapeutic exercise interventions. Some representative
examples are noted in Box 1.3.

Physical therapists typically provide care and services to pa-
tients with impairments associated with the musculoskeletal,
neuromuscular, cardiovascular/pulmonary, and integumen-
tary body systems when movement is compromised. In a
biopsychosocial model, like the ICF, impairments are identi-
fied and documented as a first step to investigating the impact
that a health condition has on activities and participation
within the specific environment of the patient. 

Primary and secondary impairments. Impairments may
arise directly from the health condition (direct/primary im-
pairments) or may be the result of preexisting impairments
(indirect/secondary impairments). A patient, for example,
who has been referred to physical therapy with a medical
diagnosis of impingement syndrome or tendonitis of the
rotator cuff (pathological condition), may exhibit primary
impairments of body function, such as pain, limited ROM
of the shoulder, and weakness of specific shoulder girdle 
and glenohumeral musculature during the physical therapy ex-
amination (Fig. 1.3 A and B). The patient may have developed

CHAPTER 1 Therapeutic Exercise: Foundational Concepts 7

BOX 1.3 Common Body Function Impairments
Managed With Therapeutic Exercise

Musculoskeletal
■ Pain
■ Muscle weakness/reduced torque production
■ Decreased muscular endurance
■ Limited range of motion due to:

■ Restriction of the joint capsule
■ Restriction of periarticular connective tissue
■ Decreased muscle length
■ Joint hypermobility

■ Faulty posture
■ Muscle length/strength imbalances

Neuromuscular
■ Pain
■ Impaired balance, postural stability, or control
■ Incoordination, faulty timing
■ Delayed motor development
■ Abnormal tone (hypotonia, hypertonia, and dystonia)
■ Ineffective/inefficient functional movement strategies

Cardiovascular/Pulmonary
■ Decreased aerobic capacity (cardiopulmonary endurance)
■ Impaired circulation (lymphatic, venous, and arterial)
■ Pain with sustained physical activity (intermittent

claudication)

Integumentary
■ Skin hypomobility (e.g., immobile or adherent scarring)

FIGURE 1.3 (A) Impingement syndrome of the shoulder and asso-
ciated tendonitis of the rotator cuff (health condition/pathology) lead-
ing to (B) limited range of shoulder elevation (impairment of body
function) are identified during the examination.

A

B
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the shoulder pathology from a preexisting postural impairment
(secondary impairment), which led to altered use of the upper
extremity and impingement from faulty mechanics.

Composite impairments. When an impairment is the re-
sult of multiple underlying causes and arises from a combi-
nation of primary or secondary impairments, the term
composite impairment is sometimes used. For example, a pa-
tient who sustained a severe inversion sprain of the ankle
resulting in a tear of the talofibular ligament and whose
ankle was immobilized for several weeks is likely to exhibit
a balance impairment of the involved lower extremity after
the immobilizer is removed. This composite impairment
could be the result of chronic ligamentous laxity (body
structure impairment) and impaired ankle proprioception
from the injury or muscle weakness (body function impair-
ments) due to immobilization and disuse.

Regardless of the types of physical impairment exhibited
by a patient, a therapist must keep in mind that impairments
manifest differently from one patient to another. An important
key to effective patient management is to identify functionally
relevant impairments, in other words, impairments that 
directly contribute to current or future activity limitations and
participation restrictions in a patient’s daily life. Impairments
that can predispose a patient to secondary health conditions
or impairments also must be identified.

Equally crucial for the effective management of a 
patient’s condition is the need to analyze and determine, or
at least infer and certainly not ignore, the underlying causes
of the identified physical impairments of body function or
body structure, particularly those related to impaired move-
ment.158,159,160 For example, are biomechanical abnormali-
ties of soft tissues the source of restricted ROM? If so, which
soft tissues are restricted, and why are they restricted? This
information assists the therapist in the selection of appro-
priate, effective therapeutic interventions that target the 
underlying causes of the impairments, the impairments
themselves, and the associated activity limitations and 
participation restrictions.

Although most physical therapy interventions, including
therapeutic exercise, are designed to correct or reduce physical
impairments of body function, such as decreased ROM 
or strength, poor balance, or limited cardiopulmonary 
endurance, the focus of treatment ultimately must be to im-
prove performance of activities and participation in life
events. From a patient’s perspective, successful outcomes
of treatment are determined by restoration of activities and
participation levels.144 A therapist cannot simply assume that
intervening at the impairment level (e.g., with strengthening
or stretching exercises) and subsequently reducing physical
impairments (by increasing strength and ROM) generalize to
improvement in a patient’s level of activity and participation in
work and social roles. Mechanisms for integrating task-specific
training within the therapeutic exercise intervention are ex-
plored in a model of effective patient management presented
in a later section of this chapter.

Activities and Participation
The second component of Part 1 of the ICF is Activities and
Participation (see Table 1.1). Activity is defined as the execu-
tion of a task or action by an individual, whereas participation
is the involvement of the individual in a life situation. The
ICF structure of classification for this component is based on
one single list of activities and life areas.77 The therapist is 
encouraged to differentiate the components on a case by case
basis depending on the patient’s life situation. There has been
extensive research to determine if these two components of
functioning are distinct or interrelated.1,26,89,144 Because of
the varied environmental and personal influences (contextual
factors), there is not a clear distinction between an individual’s
ability to perform a task and participation. Additional empir-
ical research is recommended to provide a clearer operational-
ization of the two components to enhance data comparison
between disciplines and countries.77

Activity Limitation and Participation Restriction
In the language of the ICF, activity limitations occur when a
person has difficulty executing or is unable to perform tasks
or actions of daily life (see Box 1.2).41,76,77,173,174,175,184 For ex-
ample, as shown in Figure 1.4, restricted ROM (impairment
of body function) of the shoulder as the result of adhesive cap-
sulitis (health condition) can limit a person’s ability to reach
overhead (activity limitation) while performing personal
grooming or household tasks.

8 Classification of Health Status, Functioning, and Disability—Evolution of Models and Related Terminology

FIGURE 1.4 Limited ability to reach overhead (activity limitation) 
as the result of impaired shoulder mobility may lead to loss of 
independence in self-care and difficulty performing household 
tasks independently (participation restriction).

Many studies have linked body function impairments with
activity limitations, particularly in older adults. Links have
been identified between limited ROM of the shoulder and dif-
ficulty reaching behind the head or back while bathing and
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dressing,185 between decreased isometric strength of lower
extremity musculature and difficulty stooping and kneel-
ing,71 as well as a link between decreased lower extremity
peak power and reduced walking speed and difficulty mov-
ing from sitting to standing.140 However, it should also be
noted that a single or even several mild impairments of
body function or structure do not consistently result in 
activity limitations for all individuals. For example, results
of a 2-year observational study of patients with sympto-
matic hip or knee osteoarthritis (OA) demonstrated that
increased joint space narrowing (a body structure impair-
ment that is considered an indicator of progression of 
the disease) confirmed radiologically was not associated
with an increase in activity limitations as measured on a
self-report assessment of physical functioning.24 Further-
more, evidence from other studies suggests that the severity
and complexity of impairments must reach a critical level,
which is different for each person, before degradation of
functioning begins to occur.134,143  These examples reinforce
the ICF construct that environmental and personal factors
interact with all aspects of functioning and disability. Thus,
each individual experiences a unique response to a health
condition.

Activity limitation. Activities and participation require
the performance of sensorimotor tasks—that is, total body
actions that typically are components or elements of func-
tional activities. Activity limitations involve technical and
physiological problems that are task-specific and related to
performance. Box 1.4 identifies a number of activity limi-
tations that can arise from physical impairments in body
function or structure, involve whole-body movements or ac-
tions, and are necessary component motions of simple to
complex daily living tasks. Defining limitations in this way
highlights the importance of identifying abnormal or ab-
sent component motions of motor skills through task analysis
during the physical therapy examination and later integrating
task-specific functional motions into a therapeutic exercise
program.

When a person is unable or has only limited ability to
perform any of the whole-body component motions iden-
tified in Box 1.4, activities may be limited and participation
may be restricted. The following is an example of the inter-
play of activities and participation in everyday life. To per-
form a basic home maintenance task such as painting a
room, a person must be able to grasp and hold a paintbrush
or roller, climb a ladder, reach overhead, kneel, or stoop
down to the floor. If any one of these component move-
ments is limited, it may not be possible to perform the over-
all task of painting the room. If the individual views home
maintenance as a personal or social role, the inability to
perform the task of painting may result in participation 
restriction.

An essential element of a physical therapy examination
and evaluation is the analysis of motor tasks to identify the
component motions that are difficult for a patient to perform.

This analysis helps the therapist determine why a patient is
unable to perform specific daily living tasks. This informa-
tion, coupled with identification and measurement of the 
impairments that are associated with the altered or absent
component movement patterns, in turn, is used for treatment
planning and selection of interventions to restore the ability
to complete activities or to participate in personal, social,
work, or life situations.

Participation restrictions. As identified in the ICF model
(see Table 1.1), participation restrictions are defined as prob-
lems a person may experience in his or her involvement in 
life situations as measured against social standards (see 
Box 1.2).76,77,173,174,175,184 More specifically, participation 
restriction is about not being able to take part in social prac-
tices in situations of significance or meaningfulness in the
context of a person’s attitudes and environment (contextual
factors). 26,144

Social expectations or roles that involve interactions with
others and participation in activities are an important part of
the individual. These roles are specific to age, gender, sex, and
cultural background. Categories of activities or roles that, 
if limited, may contribute to participation restrictions are
summarized in Box 1.5. 

Contextual Factors
In the ICF, Part 2 consists of contextual factors, once again
divided into two components: (1) environmental factors
and (2) personal factors. These classifications represent the
external and internal domains that influence functioning
and disability, taking into consideration the complete 

CHAPTER 1 Therapeutic Exercise: Foundational Concepts 9

BOX 1.4 Common Tasks Related to Activity
Limitations 

Difficulties with or limitation of:
■ Reaching and grasping
■ Lifting, lowering, and carrying
■ Pushing and pulling
■ Bending and stooping
■ Turning and twisting
■ Throwing and catching
■ Rolling
■ Sitting or standing tolerance
■ Squatting (crouching) and kneeling
■ Standing up and sitting down (from and to a chair, the 

floor)
■ Getting in and out of bed
■ Moving around (crawling, walking, and running) in various

environments
■ Ascending and descending stairs
■ Hopping and jumping
■ Kicking or swinging an object
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background of an individual’s life and living situation (see
Table 1.1).

Environmental factors are outside of the individual, but
every feature of the physical, social, and attitudinal world has
either a facilitating or hindering impact on functioning and
disability. 77 

Because disability is such a complex concept, the extent to
which each aspect of functioning affects one’s perceived level
of disability is not clearly understood. An assumption is made
that when impairments and activity limitations are so severe
or of such long duration that they cannot be overcome to a
degree acceptable to an individual, a family, or society, the
perception of “being disabled” occurs.143 The perception of
disability is highly dependent on a person’s or society’s expec-
tations of how or by whom certain roles or tasks should be
performed.

Personal factors are unique to the individual and may
include characteristics such as race, gender, family back-
ground, coping styles, education, fitness, and psychological
assets.77

NOTE: Because personal factors are features of the individual,
they are not part of the health condition, and they are not clas-
sified or coded in the ICF (see Table. 1.1). However, they must
be considered in any provision of care because they will influ-
ence the outcome of the intervention.77

The Role of Prevention 
Understanding the relationships among a health condition,
impairments, activity limitations, participation restrictions,
and the impact of environmental and personal factors 
on functioning is fundamental to the prevention or reduc-
tion of disability.25,61,85 Disability is not caused by any 
one level of impairment or activity limitation or participa-
tion restriction; rather, the process is bidirectional and
complex.

Take, for example, a relatively inactive person with long-
standing osteoarthritis of the knees. The inability to get up
from the floor or from a low seat (activity limitation) because
of limited flexion of the knees and power deficits of the hip

and knee extensors (impairments in body function) could 
indeed lead to restricted participation in life’s activities and dis-
ability in several areas of everyday functioning. Disability could
be expressed by problems in self-care (inability to get in and out
of a tub or stand up from a standard height toilet seat), home
management (inability to perform selected housekeeping, 
gardening, or yard maintenance tasks), or community mobility
(inability to get into or out of a car or van independently).

The perception of disability possibly could be minimized
if the patient’s functional ROM and strength can be improved
with an exercise program and the increased ROM and
strength are incorporated into progressively more challenging
functional activities or if the physical environment can be 
altered sufficiently with the use of adaptive equipment and
assistive devices.

Adjusting expected roles or tasks within the family might
also have a positive impact on the prevention or reduction
of disability. Factors within the individual also can have 
an impact on the prevention, reduction, or progression 
of disability. Those factors include level of motivation or
willingness to make lifestyle changes and accommodations
as well as the ability to understand and cope with an ad-
justed lifestyle.193 This example highlights that inherent in
any discussion of disability is the assumption that it can be 
prevented or remediated.25

Categories of prevention. Prevention falls into three 
categories.4

■  Primary prevention: Activities such as health promotion 
designed to prevent disease in an at-risk population.

■  Secondary prevention: Early diagnosis and reduction of the
severity or duration of existing disease and sequelae.

■  Tertiary prevention: Use of rehabilitation to reduce the 
degree or limit the progression of existing disability and
improve multiple aspects of function in persons with
chronic, irreversible health conditions.

Therapeutic exercise, the most frequently implemented
physical therapy intervention, has value at all three levels of
prevention. Health and wellness have moved to the forefront
of health care, and physical therapists are becoming involved
in wellness screens, community health fairs, and annual check-
ups as a form of primary prevention. The use of resistance ex-
ercises and aerobic conditioning exercises in weight-bearing
postures is often advocated for the primary and secondary pre-
vention of age-related osteoporosis.40,70 In addition, therapists
who work with patients with chronic musculoskeletal or neu-
romuscular diseases or disorders routinely are involved with
tertiary prevention of disability.

Risk Factors
Modifying risk factors through an intervention, such as
therapeutic exercise, is an important tool for preventing or
reducing the impact of health conditions and subsequent
impairments, activity limitations, and participation restric-
tions associated with disability. Risk factors are influences

10 Classification of Health Status, Functioning, and Disability—Evolution of Models and Related Terminology

BOX 1.5 Areas of Functioning Associated
With Participation Restrictions 

■ Self-care
■ Mobility in the community
■ Occupational tasks
■ School-related tasks
■ Home management (indoor and outdoor)
■ Caring for dependents
■ Recreational and leisure activities
■ Socializing with friends/family
■ Community responsibilities and service
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or characteristics that predispose a person to impaired
functioning and potential disability. As such, they exist prior
to the onset of a health condition and associated impair-
ments, limitations, or restrictions.25,85,193 Some factors that
increase the risk of disabling conditions are biological char-
acteristics, lifestyle behaviors, psychological characteristics,
and the impact of the physical and social environments. Ex-
amples of each of these types of risk factor are summarized
in Box 1.6.

Some of the risk factors, in particular lifestyle character-
istics and behaviors and their impact on the potential for
disease or injury, have become reasonably well known be-
cause of public service announcements and distribution of
educational materials in conjunction with health promo-
tion campaigns, such as Healthy People 2010188 and Healthy
People 2020.189  Information on the adverse influences of
health-related risk factors, such as a sedentary lifestyle, obe-
sity, and smoking, has been widely disseminated by these
public health initiatives. Although the benefits of a healthy
lifestyle, which includes regular exercise and physical activ-
ity, are well founded and widely documented,2,188,189 initial
outcomes of a previous national campaign, Healthy People
2000,191 suggest that an increased awareness of risk factors
has not translated effectively into dramatic changes in

lifestyle behaviors to reduce the risk of disease or injury.50

This demonstrates that increased knowledge does not nec-
essarily change behavior.

When a health condition exists, the reduction of risk fac-
tors by means of buffers (interventions aimed at reducing the
progression of a pathological condition, impairments, limi-
tations, restrictions, and potential disability) is appropriate.85

This focus of intervention is categorized as secondary or 
tertiary prevention. Initiating a regular exercise program, 
increasing the level of physical activity on a daily basis, or 
altering the physical environment by removing architectural
barriers or using assistive devices for a range of daily activities
are examples of buffers that can reduce the risk of disability.
(Refer to Chapter 2 of this textbook for additional information
on prevention, reduction of health-related risk factors, and
wellness.)

Summary
An understanding of the concepts of functioning and dis-
ability; of the relationships among the components of func-
tioning, disability, and health; and of the various models and
classification systems that have been developed over the past
several decades provides a conceptual framework for practice
and research. This knowledge also establishes a foundation
for sound clinical decision-making and effective communi-
cation and sets the stage for delivery of effective, efficient,
meaningful physical therapy care and services for patients.

Principles of Comprehensive
Patient Management

An understanding of the concepts of functioning and disabil-
ity, coupled with knowledge of the process of making in-
formed clinical decisions based on evidence from the scientific
literature, provides the foundation for comprehensive man-
agement of patients seeking and receiving physical therapy
services. Provision of quality patient care involves the ability
to make sound clinical judgments; solve problems that are im-
portant to a patient; and apply knowledge of the relationships
among a patient’s health condition(s), impairments, limita-
tions in daily activities, and participation restrictions through-
out each phase of management.

The primary purpose of this section of the chapter is to
describe a model of patient management used in physical ther-
apy practice. Inasmuch as clinical reasoning and evidence-
based decision-making are embedded in each phase of
patient management, a brief overview of the concepts 
and processes associated with clinical decision-making and
evidence-based practice is presented before exploring a sys-
tematic process of patient management in physical therapy.
Relevant examples of the clinical decisions a therapist 
must make are highlighted within the context of the patient
management model.

CHAPTER 1 Therapeutic Exercise: Foundational Concepts 11

BOX 1.6 Risk Factors for Disability

Biological Factors
■ Age, sex, and race
■ Height/weight relationship
■ Congenital abnormalities or disorders (e.g., skeletal

deformities, neuromuscular disorders, cardiopulmonary
diseases, or anomalies)

■ Family history of disease; genetic predisposition

Behavioral/Psychological/Lifestyle Factors
■ Sedentary lifestyle
■ Cultural biases
■ Use of tobacco, alcohol, and/or other drugs
■ Poor nutrition
■ Low level of motivation
■ Inadequate coping skills
■ Difficulty dealing with change or stress
■ Negative affect

Physical Environment Characteristics
■ Architectural barriers in the home, community, and

workplace
■ Ergonomic characteristics of the home, work, or school

environments

Socioeconomic Factors
■ Low economic status
■ Low level of education
■ Inadequate access to health care
■ Limited family or social support
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Clinical Decision-Making
Clinical decision-making refers to a dynamic, complex process
of reasoning and analytical (critical) thinking that involves
making judgments and determinations in the context of pa-
tient care.93 One of the many areas of clinical decision-making
in which a therapist is involved is the selection, implementa-
tion, and modification of therapeutic exercise interventions
based on the unique needs of each patient or client. To make
effective decisions, merging clarification and understanding
with critical and creative thinking is necessary.101 A number
of requisite attributes are necessary for making informed, re-
sponsible, efficient, and effective clinical decisions.46,101,113,167

Those requirements are listed in Box 1.7.
There is a substantial body of knowledge in the literature

that describes various strategies and models of clinical 
decision-making in the context of patient management by
physical therapists.43,46,65,79,80,92,93,148,151,152 One such model, the
Hypothesis-Oriented Algorithm for Clinicians II (HOAC II),
describes a series of steps involved in making informed clin-
ical decisions.152  The use of clinical decision-making in the
diagnostic process also has generated extensive discussion in
the literature.19,22,42,46,59,62,83,84,149,158,183,187,201

To assist in the decision-making process and ultimately im-
prove patient care, tools known as clinical prediction rules
(CPRs), first developed in medicine, also have been developed
for use by physical therapists.32,52 Some CPRs contain predic-
tive factors that help a clinician establish specific diagnoses or

improve the accuracy of prognoses, whereas others identify
subgroupings of patients within large, heterogeneous groups
who are most likely to benefit from a particular approach to
treatment or specific therapeutic interventions. To date, some
prediction tools in physical therapy have been developed to
assist in the diagnosis of health conditions, including os-
teoarthritis in patients with hip pain178 and deep vein throm-
bosis in patients with leg pain.147 However, a greater number
of CPRs in physical therapy have been established to predict
likely responses of patients to treatment. As examples, CPRs
have been developed to identify a subgrouping of patients 
with patellofemoral pain syndrome who are most likely to 
respond positively to lumbopelvic manipulation,78  patients
with low back pain most likely to respond to stabilization ex-
ercises,72 and those with neck pain for whom thoracic spine
manipulation is most likely to be effective.35

It is important to note, however, that little research, thus
far, has focused on validation of published CPRs15 or their
impact on the effectiveness of patient care from specific ther-
apeutic interventions. The results of two systematic reviews
of the literature underscore these points. One review15 con-
cluded that there is considerable variation in the quality of
studies used to validate CPRs developed for interventions
used by physical therapists. The results of the other review of
CPRs for musculoskeletal conditions172 demonstrated that
currently there is only limited evidence to support the use of
these rules to predict the effectiveness of specific interventions
or to optimize treatment. Additional information from stud-
ies directed toward clinical decision-making is integrated into
the remainder of this section on patient management or is
addressed in later chapters.

Coordination, Communication, 
and Documentation
Health care continues to move in the direction of physical ther-
apists being primary practitioners through whom consumers
gain access to services without physician referral. As the coor-
dinator of physical therapy care and services, the therapist has
the responsibility to communicate verbally and through written
documentation with all individuals involved in the care of a
patient. The adoption of direct access has been scrutinized in
regard to the ability of physical therapists to make sound clin-
ical decisions and the potential for therapists to miss critical
signs and symptoms (red flags) and neglect to refer patients
when appropriate.91 However, the literature shows several cir-
cumstances where therapists have shown evaluative and diag-
nostic skills resulting in appropriate decisions to involve other
providers in the coordination of care of the patient.23,68,91 

The following are descriptions of circumstances where it
is appropriate for the physical therapist to communicate and
coordinate care of the patient with another provider.5

■  Comanagement: Sharing responsibility. 
■  Consultation: Providing or seeking professional expertise/

judgement. 

12 Principles of Comprehensive Patient Management

BOX 1.7 Requirements for Skilled Clinical
Decision-Making During Patient
Management

■ Knowledge of pertinent information about the problem(s)
based on the ability to collect relevant data by means of
effective examination strategies

■ Cognitive and psychomotor skills to obtain necessary
knowledge of an unfamiliar problem

■ Use of an efficient information-gathering and information-
processing style

■ Prior clinical experience with the same or similar problems
■ Ability to recall relevant information
■ Ability to integrate new and prior knowledge
■ Ability to obtain, analyze, and apply high-quality evidence

from the literature
■ Ability to critically organize, categorize, prioritize, and

synthesize information
■ Ability to recognize clinical patterns
■ Ability to form working hypotheses about presenting

problems and how they might be solved
■ Understanding of the patient’s values and goals
■ Ability to determine options and make strategic plans
■ Application of reflective thinking and self-monitoring

strategies to make necessary adjustments
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■  Supervision: Delegation of some portion of treatment while
remaining responsible for the care provided.

■  Referral: Includes both referring to another provider and
receiving referrals from another provider.

Even during the intervention or discharge phase of patient
management, a therapist might make the clinical decision that
referral to another practitioner is appropriate and complemen-
tary to the physical therapy services. This requires coordination
and communication with other health-care practitioners. For
example, a therapist might refer a patient who is generally de-
conditioned from a sedentary lifestyle and who is also obese to
a nutritionist for dietary counseling to complement the physical
therapy program designed to improve the patient’s aerobic 
capacity (cardiopulmonary endurance) and general level of 
fitness.

Coordination, communication, and documentation are
required of the physical therapist throughout the entire
episode of patient management. This role encompasses many
patient-related administrative tasks and professional respon-
sibilities, such as writing reports (evaluations, plans of 
care, and discharge summaries); designing home exercise
programs; contacting third-party payers, other health-care
practitioners, or community-based resources; and partici-
pating in team conferences.

Evidence-Based Practice
Physical therapists who wish to provide high-quality patient
care must make informed clinical decisions based on sound
clinical reasoning and knowledge of the practice of physical
therapy. An understanding and application of the principles
of evidence-based practice provide a foundation to guide a
clinician through the decision-making process during the
course of patient care. 

In recent years, evidence-based practice has been high-
lighted in the strategic plans of the APTA by establishing
guidelines, setting goals for therapists to be engaged in 
applying and integrating research findings into everyday
practice, and encouraging use of validated clinical practice
guidelines.8 

Definition and Description of the Process 
Evidence-based practice is “the conscientious, explicit, and 
judicious use of current best evidence in making decisions
about the care of an individual patient.”156  Evidence-based
practice also involves combining knowledge of evidence from
well-designed research studies with the expertise of the clini-
cian and the values, goals, and circumstances of the patient.157

The process of evidence-based practice involves the 
following steps:37,157

1. Identify a patient problem and convert it into a specific
question.

2. Search the literature and collect clinically relevant, scien-
tific studies that contain evidence related to the question.

3. Critically analyze the pertinent evidence found during the
literature search and make reflective judgments about the
quality of the research and the applicability of the infor-
mation to the identified patient problem.

4. Integrate the appraisal of the evidence with clinical expert-
ise and experience and the patient’s unique circumstances
and values to make decisions.

5. Incorporate the findings and decisions into patient 
management.

6. Assess the outcomes of interventions and ask another
question if necessary.

This process enables a practitioner to select and interpret
the findings from the evaluation tools used during the exami-
nation of the patient and to implement effective treatment pro-
cedures that are rooted in sound theory and scientific evidence
(rather than anecdotal evidence, opinion, or clinical tradition)
to facilitate the best possible outcomes for a patient.

 FOCUS ON EVIDENCE
In a survey of physical therapists, all of whom were members
of APTA, 488 respondents answered questions about their
beliefs, attitudes, knowledge, and behavior about evidence-
based practice.90 Results of the survey indicated that the ther-
apists believed that the use of evidence in practice was
necessary and that the quality of care for their patients was
better when evidence was used to support clinical decisions.
However, most thought that carrying out the steps involved
in evidence-based practice was time consuming and seemed
incompatible with the demands placed on therapists in a
busy clinical setting.

It is impractical to suggest that a clinician must search
the literature for evidence to support each and every clinical 
decision that must be made. Despite time constraints in the
clinical setting, when determining strategies to solve complex
patient problems or when interacting with third-party payers
to justify treatment, the “thinking therapist” has a profes-
sional responsibility to seek out evidence that supports 
the selection and use of specific evaluation and treatment
procedures.12

Accessing Evidence
One method for staying abreast of evidence from the current
literature is to read one’s professional journals on a regular
basis. It is also important to seek out relevant evidence from
high-quality studies (randomized controlled trials, systematic
reviews of the literature, etc.) from journals of other profes-
sions.38 Journal articles that contain systematic reviews of the
literature or summaries of multiple systematic reviews are an
efficient means to access evidence because they provide a con-
cise compilation and critical appraisal of a number of scientific
studies on a topic of interest.
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Evidence-based clinical practice guidelines for manage-
ment of specific physical conditions or groupings of impair-
ments also have been developed; they address the relative
effectiveness of specific treatment strategies and procedures.
These guidelines provide recommendations for management
based on systematic reviews of current literature.139,161 Ini-
tially, clinical practice guidelines that address four broadly
defined musculoskeletal conditions commonly managed by
physical therapists—specifically knee pain,135 low back
pain,136 neck pain,137 and shoulder pain138 —were developed
by the Philadelphia Panel, a panel of experts from physical
therapy and medicine.

As mentioned previously in this chapter, a series of clinical
practice guidelines has been created and published by several
sections of the APTA. These guidelines provide evidence-based
recommendations for physical therapy management (diagno-
sis, prognosis, selection of therapeutic interventions, and use
of outcome measures) of a number of impairment/function-
based groupings that are based on the ICF.58 Some examples
include clinical practice guidelines for management of neck
pain,33 knee pain and mobility impairments,104 knee stability
impairments,105 hip pain and mobility deficits associated with
osteoarthritis,34 heel pain associated with plantar fasciitis,117 and
deficits associated with Achilles tendonitis.29  All of the published
clinical practice guidelines can be found at PTNow.org—a re-
source of the APTA.7 More specific information from recently
published guidelines is integrated into the regional chapters of
this textbook.

If articles that contain systematic reviews of the literature
on a specific topic have not been published, a therapist may
find it necessary and valuable to perform an individual litera-
ture search to identify evidence applicable to a clinical question
or patient problem. Journals exclusively devoted to evidence-
based practice are another means to assist the practitioner who
wants to identify well-designed research studies from a variety
of professional publications without doing an individual
search. These journals provide abstracts of research studies
that have been critically analyzed and systematically reviewed.

Online bibliographic databases also facilitate access to evi-
dence. Many databases provide systematic reviews of the liter-
ature relevant to a variety of health professions by compiling
and critiquing several research studies on a specific patient
problem or therapeutic intervention.12,37,119 One example is the
Cochrane Database of Systematic Reviews, which reports peer-
reviewed summaries of randomized controlled trials and the
evidence for and against the use of various interventions for
patient care, including therapeutic exercise. Although a recent
study 118 identified CENTRAL (Cochrane Central Registry of
Controlled Trials), PEDro (Physiotherapy Evidence Database),
PubMed, and EMBASE (Excerpta Medica Database) as the four
most comprehensive databases indexing reports of randomized
clinical trials of physical therapy interventions, only PEDro 
exclusively reports trials, reviews, and practice guidelines per-
tinent to physical therapy.109 Easily accessed online databases
such as these streamline the search process and provide a wealth
of information from the literature in a concise format.

To further assist therapists in retrieving and applying evi-
dence in physical therapist practice from the Cochrane online
library, the Physical Therapy journal publishes a recurring fea-
ture called Linking Evidence and Practice (LEAP). This feature
summarizes a Cochrane review and other scientific evidence
on a single topic relevant to physical therapy patient care. In
addition, LEAP presents case scenarios to illustrate how the 
results of the review of evidence can be applied to the decision-
making process during patient management.

In support of evidence-based practice, relevant research
studies are highlighted or referenced throughout each of the
chapters of this text in relationship to the therapeutic exercise
interventions, manual therapy techniques, and management
guidelines presented and discussed. However, there is also an
absence of research findings to support the use of some of the
interventions presented. For such procedures, a therapist
must rely on clinical expertise and judgment as well as each
patient’s response to treatment to determine the impact of
these interventions on patient outcomes. Interventions with-
out evidence to support efficacy should be used discrimi-
nately, and attempts to support and identify new research in
those areas is a professional expectation. Examples of how to
incorporate the ongoing process of clinical decision-making
and application of evidence into each phase of patient man-
agement are presented in the following discussion of a model
for patient management.

A Patient Management Model
The physical therapy profession has developed a comprehensive
approach to patient management designed to guide a practi-
tioner through a systematic series of steps and decisions for the
purpose of helping a patient achieve the highest level of func-
tioning possible.6 This model is published online in the Guide
to Physical Therapist Practice and is illustrated in Figure 1.5.

As described in the Guide to Physical Therapist Practice,
the process of patient management has the following 
elements:5,6,19,54

1. A comprehensive examination including successive 
re-examination as indicated.

2. Evaluation of data collected.
3. Determination of a diagnosis based on impairments of

body structure and function, activity limitations, and par-
ticipation restrictions that result in movement dysfunction
and/or are amenable to physical therapy intervention.

4. Establishment of a prognosis and plan of care based on 
patient-oriented goals.

5. Implementation of appropriate intervention.
6. Analysis and communication of outcomes resulting from

interventions.

The ability to make timely decisions and appropriate
judgments and to develop or adjust an ongoing series of
working hypotheses makes transition from one phase of 
patient management to the next occur in an effective, efficient
manner.

14 Principles of Comprehensive Patient Management
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Examination
The first component of the patient management model is
a comprehensive examination of the patient. Examination
is the systematic process by which a therapist obtains infor-
mation about a patient’s problem(s) and his or her reasons
for seeking physical therapy services. During this initial
data collection, the therapist acquires information from a
variety of sources. The examination process involves both
comprehensive screening and specific diagnostic testing. It
is the means by which the therapist gathers sufficient infor-
mation about the patient’s existing or potential problems
to ultimately formulate a diagnosis and determine whether
these problems can be appropriately treated by physical
therapy interventions. If treatment of the identified prob-
lems does not fall within the scope of physical therapy prac-
tice, referral to another health-care practitioner or resource
is warranted. The examination is also the means by which
baseline measurements of current impairments of body
functions and structures, activity limitations, and partici-
pation restrictions are established as a reference point from

which the results of therapeutic interventions can be meas-
ured and documented.

There are three distinct elements of a comprehensive 
examination:5

■  The patient’s health history
■  A relevant systems review
■  Specific tests and measures

Throughout the examination process, a therapist seeks an-
swers to an array of questions and concurrently makes a series
of clinical decisions that shape and guide the examination
process. Examples of some questions to be asked and deci-
sions to be made are noted in Box 1.8.

Health History
The health history is the mechanism by which a therapist ob-
tains an overview of current and past information (both sub-
jective and objective) about a patient’s present condition(s),
general health status (health risk factors and coexisting health
problems), and why the patient has sought physical therapy

CHAPTER 1 Therapeutic Exercise: Foundational Concepts 15
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FIGURE 1.5 A comprehensive model of the patient management process.
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services. It has been shown in a multicenter study that patients
seen in outpatient physical therapy practices have extensive
health histories, including use of medications for a variety of
medical conditions (e.g., hypertension, pulmonary disorders,
and depression) and surgical histories (e.g., orthopedic, 
abdominal, and gynecological surgeries).18

The types of data that can be generated from a patient’s
health history are summarized in Box 1.9.4,19,20,97 The thera-
pist determines which aspects of the patient’s history are more
relevant than others and what data need to be obtained from
various sources.

Sources of information about the patient’s history include:

■  Self-report health history questionnaires filled out prior to
or during the initial visit.

■  Interviews with the patient, family, or other significant 
individuals involved in patient care.

■  Review of the medical record.
■  Reports from the referral source, consultants, or other

health-care team members.

The extent of information about a patient’s health history
that is necessary or available may be extensive or limited and

16 Principles of Comprehensive Patient Management

BOX 1.8 Key Questions to Consider During
the Initial Examination

■ What are the most complete and readily available sources
for obtaining the patient’s history?

■ Is there a need to obtain additional information about the
patient’s presenting health condition or a medical diagnosis
if one is available?

■ Based on initial working hypotheses, which of the patient’s
signs and symptoms warrant additional testing by physical
therapy or by referral to another health-care practitioner?

■ Do the patient’s problems seem to fall within or outside the
scope of physical therapy practice?

■ What types of specific tests and measures should be
selected to gather data about the patient’s impairments,
activity/functional limitations, or extent of participation and
resulting disability?

■ Based on scientific evidence, which diagnostic tests have a
high level of accuracy to identify impairments, functional
deficits, or disability?

■ What are the most important tests to do first? Which could
be postponed until a later visit with the patient?

BOX 1.9 Information Generated from the Initial History

Demographic Data
■ Age, sex, race, and ethnicity
■ Primary language
■ Education

Social History
■ Family and caregiver resources
■ Cultural background
■ Social interactions/support systems

Occupation/Leisure
■ Current and previous employment
■ Job/school-related activities
■ Recreational and community activities/tasks

Growth and Development
■ Developmental history
■ Hand and foot dominance

Living Environment
■ Current living environment
■ Expected destination after discharge
■ Community accessibility

General Health Status and Lifestyle Habits and
Behaviors: Past/Present (Based on Self or Family
Report)
■ Perception of health/disability
■ Lifestyle health risks (smoking and/or substance abuse)
■ Diet, exercise, and sleep habits

Medical/Surgical/Psychological History
■ Previous inpatient or outpatient services

Medications 
■ Over-the-counter and prescription meds
■ Frequency and dosage of meds

Family History: Current and Past
■ Health risk factors
■ Family illnesses

Cognitive/Social/Emotional Status
■ Orientation and memory
■ Communication
■ Social/emotional interactions

Current Conditions/Chief Complaints or Concerns
■ Conditions/reasons physical therapy services sought
■ Patient’s perceived level of daily functioning and disability
■ Patient’s needs and goals
■ History, onset (date and course), mechanism of injury, and

pattern and behavior of symptoms
■ Family or caregiver needs, goals, and perception of patient’s

problems
■ Current or past therapeutic interventions
■ Previous outcome of chief complaint(s)

Functional Status and Activity Level
■ Current/prior functional status: basic ADL and IADL related to

self-care and home
■ Current/prior functional status in work, school, and

community-related IADL

Other Laboratory and Diagnostic Tests

Review of Systems: Any history of health conditions 
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may or may not be readily accessible prior to the first contact
with the patient. Compare, for example, the information
available to the therapist working in an acute care facility who
has ready access to a patient’s medical record versus the home
health therapist who may have only a patient’s medical 
diagnosis or brief surgical history. Regardless of the extent of
written reports or medical/surgical history available, review-
ing this information prior to the initial contact with the 
patient helps a therapist prioritize the questions asked and
areas explored during the interview with the patient. 

A general, verbal review of systems is conducted during the
history-gathering phase to collect information about all major
body systems relative to the patient’s overall health condition.5

The review of systems includes questions about past medical
history, review of previous medical reports or lab work available,
and other signs or symptoms experienced by the individual (see
Table 1.2). This information is used to determine whether there

are underlying conditions mimicking or masking muscu-
loskeletal or neuromuscular symptoms or other signs indicative
of complications that suggest the need for referral. This is espe-
cially important with the prevalence of patients being seen 
directly by the physical therapist through direct access.5

The interview is crucial for determining a patient’s chief con-
cerns and functional status—past, current, and desired. It also
helps a therapist see a patient’s problems from the patient’s own
perspective, specifically with regard to the perception of limita-
tions in daily activities or participation restrictions in meaning-
ful social or work roles. A patient almost always describes a
current problem in terms of limited abilities or perceived quality
of life, not the presenting impairment(s). For example, a patient
might report, “My elbow really hurts when I pick up something
heavy” or “I’m having trouble playing tennis (or bowling or un-
loading groceries from the car).” During the interview, questions
that relate to symptoms (in this case, elbow pain) should identify
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TABLE 1.2 Areas of Screening During the Patient Management Process

All Major Body Review of Systems: component of the Health History to determine need 
Systems for referral for additional medical evaluation

Cardiovascular/pulmonary

Endocrine

Eyes, Ears, Nose, and Throat

Gastrointestinal

Genitourinary/reproductive

Hematological or lymphatic

Integumentary

Neurological/musculoskeletal

Overall physical and emotional 
well-being

Human Movement Systems Review: component of the hands-on Examination specific 
System to systems affecting movement 

Cardiovascular/pulmonary

Integumentary

Musculoskeletal

Neuromuscular

Communication ability, affect, 
cognition, language, learning style

Shortness of breath, pressure or pain in the chest, pulsating pain, history of heart 
or lung disease

History of thyroid or other hormonal conditions, medications

History of surgery or use of adaptive equipment

Heartburn, reflux, diarrhea, constipation, vomiting, severe abdominal pain,
swallowing problems

Bowel or bladder function, burning with urination, sexual function, unusual
menstrual cycles, pregnancy

Results of recent bloodwork or treatment, bleeding or lymphedema

History of skin cancer, dermatological conditions (eczema, psoriasis, etc.), lumps or
growths

History of CNS or peripheral nerve symptoms, muscular cramping, spasms, atrophy,
weakness 

Persistent fatigue, malaise, fever, chills, sweats, unexplained weight change,
depression, mood swings, suicidal thoughts

Heart rate and rhythm, respiratory rate, blood pressure, and edema

Skin temperature, color, texture, integrity, scar formation, wound or incision healing

Symmetry, gross ROM and strength, height and weight

General assessment of gross coordinated movement (e.g., balance, gait, locomotion,
transfers, transitions) and motor function (motor control, motor learning)

Ability to make needs known, consciousness, orientation (person, place, time),
expected emotional/behavioral responses, learning preferences (e.g., learning
barriers, educational needs) 
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location, intensity, description, and factors that provoke (aggra-
vate) or alleviate symptoms in a 24-hour period.

Collecting health history data through a self-report ques-
tionnaire has been shown to be an accurate source of infor-
mation from patients seen in an outpatient orthopedic
physical therapy practice.22 In addition, depending on a 
patient’s condition and individual situation, the perceptions
of family members, significant others, caregivers, or employ-
ers are often as important to the overall picture as the patient’s
own assessment of the current problems.

While taking a health history, it is useful to group the inter-
view questions into categories to keep the information organ-
ized. Gathering and evaluating data simultaneously makes it
easier to recognize and identify patterns or clusters of signs and
symptoms and even to begin to formulate one or more initial
“working” hypotheses about the patient’s problem(s), which
later will be supported or rejected as part of the diagnostic
process. Making these judgments helps organize and structure
the examination.151,152,183 Experienced therapists tend to form
working hypotheses quite early in the examination process,
even while reviewing a patient’s chart before the initial contact
with the patient.79,80,92,114,194 This enables a therapist to deter-
mine and prioritize which definitive tests and measures should
be selected for the later portion of the examination.80

Systems Review
A brief but relevant screening of the body systems, known as
a systems review,4,5 is performed as a part of the hands on 
examination process after organizing and prioritizing data
obtained from the health history. This baseline screening of
the components of the movement system helps to determine
which areas of tests and measures will be needed to determine
specific diagnoses that impact function and the perception of
disability. The systems typically screened by physical thera-
pists are the cardiovascular and pulmonary, integumentary,
musculoskeletal, and neuromuscular systems and a general
overview of a patient’s cognition, communication, and learn-
ing preferences (see Table 1.2).

Findings from the systems review, coupled with informa-
tion about a patient’s chief complaints and past history secured
from the patient’s health history, enable a therapist to begin to
make decisions about the possible causes of a patient’s impair-
ments and functional deficits and to distinguish between prob-
lems that can and cannot be managed effectively by physical
therapy interventions.19 If a therapist determines that a patient
has a condition or problem that falls outside the scope of phys-
ical therapy practice, then referral to or coordination with an-
other health-care practitioner is appropriate.4,19,21,59

 FOCUS ON EVIDENCE
In a case report,68 a patient was referred to physical therapy 
5 weeks after shoulder surgery. During the initial examina-
tion  the physical therapist identified inconsistent signs and
symptoms that were indicative of a possible infection or
medical complication including bilateral diffuse multi-joint

arthralgia, generalized fatigue, and other atypical signs. The
therapist made the clinical decision to refer the patient back
to the primary care physician where a secondary infection
was confirmed. The result of this communication and coor-
dination of care and services by the physical therapist was a
positive outcome—the patient was able to fully participate
in a rehabilitation program after the addition of antibiotic
therapy to her medical care.

Specific Tests and Measures
Once it has been decided that a patient’s problems/conditions
are most likely amenable to physical therapy intervention, the
next determination a therapist must make during the exam-
ination process is to decide which aspects of physical function
require further investigation through the use of specific tests
and measures.

Specific (definitive/diagnostic) tests and measures used by
physical therapists provide in-depth information about body
function and structure impairments, activity limitations, and
participation restrictions.4,53,57,97 The specificity of these tests
enables a therapist to support or refute the working hypothe-
ses formulated while taking the patient’s health history and
performing the systems review. These tests also give the ther-
apist a clearer picture of a patient’s current condition(s) 
and may reveal information about the patient not previously
identified during the history and systems review. If treatment 
is initiated, the results of these specific tests and measures 
establish objective baselines from which changes in a patient’s
abilities as the result of interventions are measured.

Given the array of specific tests available to a therapist, the
guidelines summarized in Box 1.10 should be considered
when determining which definitive tests and measures need
to be selected and administered.4,53,54,146

There are more than 20 general categories of specific tests
and measures commonly performed by physical therapists.4,180

Typically, testing involves multiple body systems to identify the
scope of a patient’s functioning or disability by targeting specific
impairments, activity limitations, and participation restrictions.
When examining a patient with chronic knee pain, for example,
in addition to performing a thorough musculoskeletal exami-
nation, it also would be appropriate to administer tests that
identify the impact of the patient’s knee pain on the neuromus-
cular system (by assessing balance and proprioception) and the
cardiopulmonary system (by assessing aerobic capacity).

Because many of the health-related conditions as the result
of injury or disease discussed in this textbook involve the neu-
romusculoskeletal system, some examples of specific tests and
measures that identify musculoskeletal and neuromuscular im-
pairments are noted here. They include but are not limited to:

■  Assessment of pain
■  Goniometry and flexibility testing
■  Joint mobility, stability, and integrity tests (including liga-

mentous testing)
■  Tests of muscle performance (manual muscle testing and

dynamometry)

18 Principles of Comprehensive Patient Management
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■  Posture analysis
■  Assessment of balance, proprioception, and neuromuscular

control
■  Gait analysis
■  Assessment of assistive, adaptive, or orthotic devices

Choice of specific tests and measures should be based on
clinical decision-making used by the therapist to confirm or
reject hypothesis about why the patient is experiencing less
than optimal function and to provide data to support the 
diagnosis, prognosis, and plan of care. 

Although specific testing of impairments is crucial, these tests
do not tell the therapist how the impairments are affecting the
patient’s functional capabilities. Therefore, every examination
should also include use of instruments that specifically measure
extent of activity limitations and participation restrictions.
These tools, often referred to as functional outcome measures,
are designed to reflect the interaction of a patient’s health 
condition and impairments in body function and structure with
functional abilities and health-related quality of life.11

The Middle Class Tax Relief Act of 2012 mandated that
functional outcomes be reported on the billing claims for
Medicare and Medicaid patients receiving therapy services.
As a result of this act, in 2013 requirements to report func-
tional limitations and outcomes were established by the 
Centers for Medicare and Medicaid Services (CMS) for all

outpatient therapy billing claims through the physician fee
schedule final rule (77 Federal Regulation 68958). Functional
Limitation Reporting, also referred to as “G-Code Reporting,”
uses a coding system based on the ICF classification of func-
tioning, disability, and health to quantify the type and severity
of functional limitation(s) identified through the use of tests
and measures at the onset and throughout the “episode of
care.” The scope and specifics of this legislation and application
of G-code reporting are beyond the scope of this textbook. 
Box 1.11 lists references and websites for those interested in
learning more about this topic. 

The format of functional testing procedures and instru-
ments varies. The clinical decision-making skill of the therapist
is paramount to the effective selection of the ideal test(s) to 
use to objectively describe the functional limits or abilities of
patients based on the carefully synthesized results of examina-
tion and re-examination information. Some tests gather infor-
mation by self-report (by the patient or family member);96 others
require observation and rating of the patient’s performance by a
therapist as various functional tasks are carried out.11 Some 
instruments measure a patient’s ease or difficulty of performing
specific physical tasks. Other instruments incorporate temporal
(time-based) or spatial (distance-based) criteria, such as meas-
urement of walking speed or distance, in the format.10 Test
scores also can be based on the level of assistance needed (with
assistive devices or by another person) to complete a variety of
functional tasks.

Indices of disability measure a patient’s perception of his
or her degree of participation restriction. These self-report
instruments usually focus on BADL and IADL, such as the
ability or inability to care for one’s own needs (physical, social,
and emotional) or the level of participation in the community
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BOX 1.10 Guidelines for Selection of Specific
Tests and Measures

■ Consider why particular tests are performed and how the
interpretation of their results may influence the formulation
of a diagnosis.

■ Select tests and measures that provide accurate information
and are valid and reliable and whose efficacy is supported by
evidence generated from sound scientific studies.

■ Administer tests that target multiple levels of functioning
and disability: impairments, activity/functional limitations,
and the patient’s perceived level of participation restrictions.

■ Prioritize tests and measures selected to gather in-depth
information about key problems identified during the
history and systems review.

■ Decide whether to administer generic tests or tests that
are specific to a particular region of the body.

■ Choose tests that provide data specific enough to support
or reject working hypotheses formulated during the history
and systems review and to determine a diagnosis,
prognosis, and plan of care when the data are evaluated.

■ Select tests and measures that will help determine the
types of intervention that most likely are appropriate and
effective.

■ To complete the examination in a timely manner, avoid
collecting more information than is necessary to make
informed decisions during the evaluation, diagnosis, and
treatment planning phases of management.

BOX 1.11 Resources for Information on
Functional Outcome Reporting 
(G-Codes)

■ MLN Matters® Special Edition (SE) 1307: Outpatient
Therapy Functional Reporting Requirements: http://
www.cms.gov/outreach-and-education/medicare-learning-
network-mln/mlnmattersarticles/downloads/se1307.pdf

■ CMS Manual System Transmittal 165: Implementing the
Claims-Based Data Collection Requirement for Outpatient
Therapy Services — Section 3005(g) of the Middle Class Tax
Relief and Jobs Creation Act (MCTRJCA) of 2012: https://
www.cms.gov/Regulations-and-Guidance/Guidance/
Transmittals/Downloads/R165BP.pdf

■ CMS-1500 (02/12) Claim Form Example: Functional
Limitation Reporting G-codes and Severity/Complexity
Modifiers: https://medicare.fcso.com/Education_resources/
0299021.pdf

■ APTA Resources for Functional Limitation Reporting under
Medicare: http://www.apta.org/Payment/Medicare/
CodingBilling/FunctionalLimitation/
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that is currently possible, desired, expected, or required. In-
formation gathered with these instruments may indicate that
the patient requires consultation and possible intervention by
other health-care professionals to deal with some of the social
or psychological aspects of disability.

Functional Limitation Reporting and G-code assignment
do not require or limit specific tests to be used to define the
functional limitation, its severity, or complexity when deter-
mining the G-code. It is the responsibility of the therapist to
identify valid, objective tests to provide reliable results
throughout the course of treatment from initial evaluation to
discharge. Familiarity with evidence-based practice guidelines
and use of resources for applying evidence as described earlier
in this section will assist both the novice and veteran therapist
to successfully accomplish this professional responsibility. 

NOTE: It is well beyond the scope or purpose of this text to iden-
tify and describe the many tests and instruments that identify and
measure impairments, activity limitations, and participation re-
strictions. The reader is referred to several resources in the liter-
ature that provide this information.2,7,10,11,30,108 

Evaluation
Evaluation is a process characterized by the interpretation of
collected data. The process involves analysis and integration
of information to establish the diagnosis, prognosis, and plan
of care using a series of sound clinical decisions.4,5 Although
evaluation is depicted as a distinct entity or phase of the 
patient management model (see Fig. 1.5), some degree of
evaluation goes on at every phase of patient management,
from examination through outcome. By pulling together and
sorting out subjective and objective data from the examina-
tion, a therapist should be able to determine the following:

■  A patient’s general health status and its impact on current
and potential function.

■  The acuity or chronicity and severity of the current 
condition(s).

■  The extent of structural and functional impairments of
body systems and impact on functional abilities.

■  Which impairments are related to which activity 
limitations.

■  A patient’s current, overall level of physical functioning
(limitations and abilities) compared with the functional
abilities needed, expected, or desired by the patient.

■  The impact of physical dysfunction on social/emotional
function.

■  The impact of the physical environment on a patient’s
function.

■  A patient’s social support systems and their impact on cur-
rent, desired, and potential function.

The decisions made during the evaluation process may also
suggest that additional testing by the therapist or another prac-
titioner is necessary before the therapist can determine a 
patient’s diagnosis and prognosis for positive outcomes from
physical therapy interventions. For example, a patient whose
chief complaints are related to episodic shoulder pain but who
also indicates during the health history that bouts of depression

sometimes make it difficult to work or socialize should be re-
ferred for a psychological consultation and possible treatment.19

Results of the psychological evaluation could be quite relevant
to the success of the physical therapy intervention.

Addressing the questions posed in Box 1.12 during the
evaluation of data derived from the examination enables a
therapist to make pertinent clinical decisions that lead to the
determination of a diagnosis and prognosis and the selection
of potential intervention strategies for the plan of care.

During the evaluation, it is particularly useful to ascertain
if and to what extent relationships exist among measurements
of impairments, activity limitations, participation restric-
tions, and the patient’s perceived level of disability. These re-
lationships often are not straightforward as indicated in the
following investigations.

 FOCUS ON EVIDENCE
In a study of patients with cervical spine disorders,70 investi-
gators reported a strong correlation between measurements
of impairments (pain, ROM, and cervical muscle strength)
and functional limitations (functional axial rotation and 
lifting capacity) but a relatively weak statistical relationship
between measurements of functional limitations and the 
patient’s perceived level of disability, as determined by three
self-report measures. In another study185 that compared
shoulder ROM with the ability of patients to perform basic
self-care activities, a strong correlation was noted between the
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BOX 1.12 Key Questions to Consider During
the Evaluation and Diagnostic
Processes

■ What is the extent, degree, or severity of structural and
functional impairments, activity/functional limitations, or
participation restrictions/disability?

■ What is the stability or progression of dysfunction?
■ To what extent are any identified personal and

environmental barriers to functioning modifiable?
■ Is the current health condition(s) acute or chronic?
■ What actions/events change (relieve or worsen) the patient’s

signs and symptoms?
■ How do preexisting health conditions (comorbidities) affect

the current condition?
■ How does the information from the patient’s medical/

surgical history and tests and measures done by other
health-care practitioners relate to the findings of the
physical therapy examination?

■ Have identifiable clusters of findings (i.e., patterns) emerged
relevant to the patient’s dysfunction?

■ Is there an understandable relationship between the patient’s
extent of impairments and the degree of activity/functional
limitation or participation restriction/disability?

■ What are the causal factors that seem to be contributing to
the patient’s impairments, activity/functional limitations, or
participation restriction/disability?
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degree of difficulty of performing these tasks and the extent
of shoulder motion limitation.

Although the results of these studies to some extent are 
related to the choice of measurement tools, these findings
highlight the complexity of evaluating disability and suggest
that identifying the strength or weakness of the links among
the levels of functioning and disability may help a therapist
predict more accurately a patient’s prognosis. Evaluating these
relationships and answering the other questions noted in 
Box 1.12 lay the foundation for determining a diagnosis and
prognosis and developing an effective plan of care.

Diagnosis
The term diagnosis can be used in two ways—it refers to 
either a process or a category (label) within a classification
system.62,5 Both usages of the word are relevant to physical
therapy practice. Physical therapists use a systematic process,
sometimes referred to as differential diagnosis, to identify an
appropriate diagnostic category amenable to physical therapy
intervention.5 The diagnosis is an essential and required 
element of patient management whose primary purpose is 
to guide the physical therapy prognosis, plan of care, and 
interventions.4,53,97,129,158,183,202

Diagnostic Process
The diagnostic process is a complex sequence of actions and
decisions that includes (1) the collection of data (examina-
tion); (2) the analysis and interpretation of all relevant data
collected, leading to the generation of working hypotheses
(evaluation); and (3) organization of data, recognition of
clustering of data (a pattern of findings), formation of a 
diagnostic hypothesis, and subsequent classification of data
into categories.4,43,59,149,159,183,202

Through the diagnostic process a physical therapist iden-
tifies impairments of body structure and function that affect
the human movement system, whereas a physician identifies
disease.59,84,97,129,149,187 For the physical therapist, the diagnos-
tic process is a mechanism by which discrepancies and con-
sistencies between a patient’s current level of performance
and desired level of function and his or her capacity to achieve
that level of function are identified.4

Diagnostic Category
A diagnostic category (clinical classification) identifies and
describes patterns or clusters of findings from the examina-
tion and conclusions from the evaluation. The purpose of 
this label is to guide the therapist in the development of a
prognosis, plan of care, and interventions.5

A diagnostic category used in physical therapy should de-
scribe the impact of a health condition or disease on function
of the human movement system at the level of the whole
person.4 This category, defined by the therapist, indicates the
primary dysfunctions to be addressed in the selection of 
interventions and development of the plan of care. 

The physical therapy profession has not officially adopted
a specific classification system for diagnosis, although the ICF

is recommended. The following are guidelines listed in the
Guide for choosing a classification scheme that is relevant for
the therapist to make a diagnosis:5

■  The classification system must be within the legal bound-
aries placed on the profession and within societal 
approval.

■  The health professional must use acceptable tests and
measures to confirm the diagnostic decision.

■  The diagnostic label must describe a condition or problem
that is within the scope of intervention legally allowed by
the clinician making the diagnosis.

As the profession of physical therapy has advanced to a doc-
toral level and the position as a primary care provider has
evolved, the role of diagnostician has become the focus of both
research and practice.5,36,120,129,160 The exclusive use of ICD di-
agnostic categories does not always identify a problem within
the scope of physical therapy intervention because this classi-
fication focuses primarily on the diagnosis of pathology. A di-
agnostic classification system developed by physical therapists
is needed for delineating the knowledge base and scope of prac-
tice of physical therapy.4,42,62,84,149,158,201 Because the diagnosis
is intended to guide the treatment plan, a universally accepted
diagnostic classification scheme would foster clarity of com-
munication in practice and clinical research.36,53,84,120

Suffice it to say that it is well beyond the scope of this text
to discuss the history and the future of the development of a
classification system for accurately labeling diagnoses
amenable to physical therapy intervention.   

NOTE: The impairment/function-based diagnoses in the clinical
practice guidelines developed by multiple practice sections of
the APTA are based on the classification and coding system 
described in the ICF combined, as appropriate, with the ICD 
as recommended by the WHO. The diagnostic classifications 
in the approved clinical practice guidelines are linked to recom-
mendations for physical therapy interventions based on “best
evidence” from the scientific literature.29,33,34,104,105,117 However,
research shows that there continues to be a gap in the use of
diagnostic classification systems and the selection of interven-
tions that are directly related to the diagnostic label used by 
clinicians in practice.120

Prognosis and Plan of Care
After the initial examination has been completed, data have
been evaluated, and a diagnosis has been established, a prog-
nosis (see Fig. 1.5), including a plan of care, must be deter-
mined before initiating any interventions. A prognosis is a
prediction of a patient’s optimal level of function expected
as the result of a plan for treatment during an episode of
care and the anticipated length of time needed to reach spec-
ified functional outcomes.4,97,141 Some factors that influence
a patient’s prognosis and functional outcomes are noted in
Box 1.13.

Determining an accurate prognosis is, indeed, challenging
even for experienced therapists. The more complex a patient’s
problems, the more difficult it is to project the patient’s opti-
mal level of function, particularly at the onset of treatment.
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For example, if an otherwise healthy and fit 70-year-old patient
who was just discharged from the hospital after a total knee
arthroplasty is referred for home-based physical therapy serv-
ices, it is relatively easy to predict the time frame that will be
needed to prepare the patient to return to independence in the
home and community. In contrast, it may be possible to pre-
dict only incremental levels of functional improvement at var-
ious stages of rehabilitation for a patient who has sustained
multiple fractures and soft tissue injuries as the result of an
automobile accident.

In these two examples of establishing prognoses for patients
with musculoskeletal conditions, as with most other patient
problems, the accuracy of the prognosis is affected in part by
the therapist’s clinical decision-making ability based on the
following4:

■  Familiarity with the patient’s current health condition(s)
and the surgical intervention(s) and previous history of
diseases or disorders.

■  Knowledge of the process and time frames of tissue healing.
■  Experience managing patients with similar surgical proce-

dures, pathological conditions, impairments, and functional
deficits.

■  Knowledge of the efficacy of tests and measures performed,
accuracy of the findings, and effectiveness of the physical
therapy interventions.

Plan of Care
The plan of care, an integral component of the prognosis, is
established in coordination with the patient and, if indicated,
others involved in the care of the patient. It should include
the following components:4

■  Patient goals that are functionally driven and time limited.
■  Expected functional outcomes that are meaningful, 

utilitarian, sustainable, and measurable.
■  Extent of improvement predicted and length of time 

necessary to reach that level.

■  Specific interventions.
■  Proposed frequency and duration of interventions.
■  Specific discharge plans.

Setting Goals and Outcomes in the Plan of Care
Developing a plan of care involves collaboration and negotia-
tion between the patient (and, when appropriate, the family)
and the therapist.4,84,97 The anticipated goals and expected 
outcomes documented in the plan of care must be patient 
centered—that is, the goals and outcomes must be meaning-
ful to the patient.141 These goals and outcomes also must be
measurable and linked to each other. Goals describe the in-
tended impact on functioning established with specific time
limits.4 Outcomes are the actual results of the episode of care
measured with the specific tests and measures that were used
to establish a baseline at the initial examination, and repeated
periodically during the episode of care. Results are based on
reduction of impairments, activity limitations, and participa-
tion restrictions coupled with achieving the optimal level 
possible of function, general health, and patient satisfaction.4

Establishing and prioritizing meaningful, functionally 
relevant goals and determining expected outcomes requires
engaging the patient and/or family in the decision-making
process from a therapist’s first contact with a patient. Know-
ing what a patient wants to be able to accomplish as the result
of treatment and ascertaining which accomplishments are the
most important to the patient helps a therapist develop and
prioritize intervention strategies that target the patient’s func-
tional limitations and associated impairments. This, in turn,
increases the likelihood of successful outcomes from treat-
ment.132,141,142 Some key questions a therapist often asks a
patient or the patient’s extended support system that are crit-
ical for establishing anticipated goals and expected outcomes
in the plan of care are listed in Box 1.14.9,97,132,142

An integral aspect of effective goal and outcome setting is
explaining to a patient how the health condition and identi-
fied impairments are associated with the patient’s activity
limitations and participation restrictions and why specific
interventions will be used. Discussing an expected time
frame for achieving the negotiated goals and outcomes puts
the treatment plan and the patient’s expectation for progress
in a realistic context. This type of information helps a patient
and family members set goals that are not just meaningful,
but also realistic and attainable. Setting up short-term and
long-term goals, particularly for patients with severe or com-
plex problems, is also a way to help a patient recognize in-
cremental improvement and progress during treatment.

The plan of care also indicates the optimal level of im-
provement that will be reflected by the functional outcomes
as well as how those outcomes will be measured. An outline
of the specific interventions, their frequency and duration
of use, and how the interventions are directly related to 
attaining the stated goals and outcomes also must appear
in the plan. Finally, the plan of care concludes with the 
criteria for discharge. These criteria are addressed following 
a discussion of elements of intervention in the patient 
management process.
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BOX 1.13 Factors That Influence a Patient’s
Prognosis/Expected Outcomes

■ Complexity, severity, acuity, or chronicity and expected
course of the patient’s health condition(s) (pathology),
impairments, and activity/functional limitations

■ Patient’s general health status and presence of
comorbidities (e.g., hypertension, diabetes, and obesity)
and risk factors

■ The patient’s previous level of functioning or disability
■ The patient’s living environment
■ Patient’s and/or family’s goals
■ Patient’s motivation and adherence and responses to

previous interventions
■ Safety issues and concerns
■ Extent of support (physical, emotional, and social)
■ Health literacy of the patient
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NOTE: Periodic re-examination of a patient and re-evaluation of
a patient’s response to treatment may necessitate modification
of the initial prognosis and plan of care (see Fig. 1.5). 

Intervention
Intervention, a component of patient management, is the
purposeful interaction of the therapist with the patient and
with other family members, caregivers, or providers as ap-
propriate.4,5 The therapist selects, prescribes, and imple-
ments interventions based on the examination, evaluation,
diagnosis, prognosis, and goals established for the patient.
Interventions are updated, progressed, or discontinued
based on patient response, achievement of goals, or results
of outcomes (see Fig. 1.5). 

The Guide describes nine categories of intervention appro-
priate for use by physical therapists in the care of patients.5 These
categories are listed in Box 1.15. Clinical reasoning, decision-
making, clinical practice guidelines, clinical prediction rules, and
the use of evidence-based practice are tools that therapists use
during the patient management process to assist in the selection
of specific, individualized interventions.37,38,91,95,120

If interventions are to be considered effective, they must
result in the reduction or elimination of body function or
structure impairments, activity limitations, and/or participa-
tion restrictions and, whenever possible, reduce the risk of fu-
ture dysfunction. Moreover, the efficacy of each intervention
should be supported by sound evidence, preferably based on
prospective, randomized, controlled research studies.

Although the intended outcome of therapeutic exercise
programs has always been to enhance a patient’s functional 
capabilities or prevent loss of function, until the past few
decades the focus of exercise programs in physical therapy 
was on the resolution of impairments. Success was measured

primarily by the reduction of the identified impairments
or improvements in various aspects of physical perform-
ance, such as strength, mobility, or balance as depicted in
Figure 1.6. 

In the past, it was assumed that if impairments were re-
solved, improvements in functional abilities would subse-
quently follow. Physical therapists now recognize that this
assumption is not valid. To improve activity performance
and participation in expected roles and to improve a pa-
tient’s health-related quality of life, not only should thera-
peutic exercise interventions be implemented that correct
functionally limiting impairments, but whenever possible,
exercises should be task specific—that is, they should be
performed using movement patterns that closely match a pa-
tient’s intended or desired functional activities. In Figure 1.7,
strengthening exercises are demonstrated using a task-specific
lifting pattern.
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BOX 1.15 Categories of Intervention Used 
by Physical Therapists

■ Patient or Client Instruction (universally used with all
patients)

■ Airway Clearance Techniques
■ Assistive Technology: Prescription, Application, and as

appropriate, Fabrication or Modification
■ Biophysical Agents
■ Functional Training in Self-Care and in Domestic, Education,

Work, Community, Social, and Civic Life
■ Integumentary Repair and Protection Techniques
■ Manual Therapy Techniques
■ Motor Function Training
■ Therapeutic Exercise

FIGURE 1.6 Manual resistance exercise, a procedural intervention,
is a form of therapeutic exercise used during the early stage of 
rehabilitation if muscle strength or endurance is impaired.

BOX 1.14 Key Questions to Establish and
Prioritize Patient-Centered Goals
and Outcomes in the Plan of Care

■ What activities are most important to you at home, school,
work, in the community, or during your leisure time?

■ What activities do you currently need help with that you
would like to be able to do independently?

■ Of the activities you are finding difficult to do or cannot do
at all at this time, and which ones would you like to be able
to do better or do again?

■ Of the problems you are having, which ones do you want to
try to eliminate or minimize first?

■ In what areas do you think you have the biggest problems
during the activities you would like to do on your own?

■ What are your goals for coming to physical therapy?
■ What would you like to be able to accomplish through

therapy?
■ What would make you feel that you were making progress

in achieving your goals?
■ How soon do you want to reach your goals?
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The importance of designing and implementing exercises
that closely replicate the desired functional outcomes is 
demonstrated by the following study:

 FOCUS ON EVIDENCE
Task-specific functional training was investigated in a study
of the effects of a resistance exercise program on the stair-
climbing ability of ambulatory older women.39 Rather than
having the subjects perform resisted hip and knee extension
exercises in nonweight-bearing positions, they trained by 
ascending and descending stairs while wearing a weighted
backpack. This activity not only improved muscle perform-
ance (strength and endurance), but also directly enhanced the
subjects’ efficiency in stair climbing during daily activities.

Another way to use therapeutic exercise interventions 
effectively to improve functional ability is to integrate safe but
progressively more challenging functional activities that utilize
incremental improvements in strength, endurance, and mobility
into a patient’s daily routine as early as possible in the treatment
program. With this functionally oriented approach to exercise,
the activities in the treatment program are specific to and di-
rectly support the expected functional outcomes. Selection and
use of exercise procedures that target more than one goal or out-
come are also appropriate and efficient ways to maximize im-
provements in a patient’s function in the shortest time possible.

Effective use of any intervention must include determining
the appropriate intensity, frequency, and duration of each inter-
vention and periodic re-examination of a patient’s responses

to the interventions. While implementing therapeutic exercise
interventions, a patient’s response to exercise is continually
monitored to decide when and to what extent to increase the
difficulty of the exercise program or when to discontinue spe-
cific exercises. Each of the chapters of this textbook provides
detailed information on factors that influence selection, appli-
cation, and progression of therapeutic exercise interventions.

Patient or Client Instruction
Although patient instruction is one of the nine intervention
categories, it is the only one that is specified to be used for every
patient throughout the entire episode of care5 (see Box 1.15).
Because this intervention is universal for all patients, it is cov-
ered in more detail in this section. According to the revised
third edition of the Guide, patient education is emphasized in
the following way: Patient or client instruction is a type of in-
tervention that physical therapists use with every individual
they see. Education should include not only the patient, but
also family members, caregivers, and other health professionals
involved in the care of the patient.5 There is no question that
physical therapists perceive themselves as patient educators, fa-
cilitators of change, and motivators.31,55,82,106,127 Patient educa-
tion spans all three domains of learning: cognitive, affective,
and psychomotor domains. Education ideally begins during a
patient’s initial contact with a therapist and involves the thera-
pist explaining information, asking pertinent questions, and lis-
tening to the patient or a family member.

Patient-related instruction is the means by which a thera-
pist helps a patient learn how to reduce his or her impair-
ments and how to participate fully in the plan of care to
achieve goals.31 Patient-related instruction first may focus on
providing a patient with background information, such as the
interrelationship of the primary health condition and the as-
sociated impairments and limitations in activity or explaining
the purpose of specific interventions in the plan of care. 
Instruction, such as physical therapist–directed exercise coun-
seling,181 may be implemented as an alternative to direct 
supervision of an exercise program and typically focuses on
specific aspects of a treatment program, such as teaching a 
patient, family member, or caregiver a series of exercises to be
carried out in a home program. Education may also help to
prepare an individual for transition to a different role or set-
ting or to understand risk factors for developing a problem
and the need for health, wellness, or fitness programs. Thera-
pists should also review health and wellness materials and clar-
ify directions for safe use of equipment to be used at home.

A therapist must use multiple methods to convey infor-
mation to a patient or family member, such as one-to-one,
therapist-directed instruction; videotaped instruction; or
written materials. Each has been shown to have a place in 
patient education as highlighted by the following studies.

 FOCUS ON EVIDENCE
It has been shown that patients, who were taught exercises by
a therapist, performed their exercises more accurately in a
home program than patients whose sole source of information
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FIGURE 1.7 Task-specific strengthening exercises are carried out
by lifting and lowering a weighted crate in preparation for functional
tasks at home or work.
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about their exercises was from reading a brochure.51 In another
study, the effectiveness of three modes of instruction in an 
exercise program were evaluated. The subjects who received in-
person instruction by a therapist or two variations of videotaped
instruction performed their exercise program more accurately
than subjects who received only written instructions.145

However, written materials, particularly those with illustra-
tions, can be taken home by a patient and used to reinforce ver-
bal instructions from a therapist or videotaped instructions.

To be an effective patient educator, a therapist must pos-
sess an understanding of the process of learning, which most
often is directed toward learning or modifying motor skills.
As a patient educator, a therapist also must be able to rec-
ognize a patient’s learning style, implement effective teach-
ing strategies, and motivate a patient to want to learn new
skills, adhere to an exercise program, or change health-related
behaviors.

Outcomes
Simply stated, outcomes are results. Collection and analysis
of outcome data related to health-care services are necessities,
not options.66 Measurement of outcomes is a means by which
quality, efficacy, and cost-effectiveness of services can be as-
sessed. Patient-related outcomes are monitored throughout
an episode of physical therapy care—that is, intermittently
during treatment and at the conclusion of treatment.132  Eval-
uation of information generated from periodic re-examination
and re-evaluation of a patient’s response to treatment enables
a therapist to ascertain if the anticipated goals and expected
outcomes in the plan of care are being met and if the inter-
ventions that have been implemented are producing the in-
tended results. It may well be that the goals and expected
outcomes must be adjusted based on the extent of change or
lack of change in a patient’s function as determined by the
level of the interim outcomes. This information also helps the
therapist decide if, when, and to what extent to modify the
goals, expected outcomes, and interventions in the patient’s
plan of care (see Fig. 1.5).

There are several broad areas of outcomes commonly as-
sessed by physical therapists during the continuum of patient
care. They are listed in Box 1.16.

Functional Outcomes
The key to the justification of physical therapy services in
today’s cost-conscious health-care environment is the identi-
fication and documentation of successful patient-centered,
functional outcomes that can be attributed to interven-
tions.4,10,30,63,179 As discussed previously (in the Tests and
Measures section), functional limitation reporting became
mandatory in 2013 for all outpatient therapy being billed to
Medicare. G-code reporting is the methodology for providing
a nonpayment code to track functional improvements for a
patient over the course of the billing period. 

Functional outcomes must be meaningful, practical, and
sustainable.179 Outcomes that have an impact on a patient’s
ability to function at work, in the home, or in the community

in ways that have been identified as important by the patient,
family, significant others, caregivers, or employers are consid-
ered meaningful. If the formulation of anticipated goals and
expected outcome has been a collaborative effort between the
patient and the therapist, the outcomes will be meaningful to
the patient. The practical aspect of functional outcomes im-
plies that improvements in function have been achieved in an
efficient and cost-effective manner. Improvements in function
that are maintained over time after discharge from treatment
(to the extent possible given the nature of the health condi-
tion) are considered sustainable. 

Measuring Outcomes
The expected outcomes identified in a physical therapy plan
of care must be measurable. More specifically, changes in a
patient’s status over time must be quantifiable. As noted in
the previous discussion of the examination component of 
the patient management model, many of the specific tests 
and measures used by physical therapists traditionally have
focused on measurement of impairments (i.e., ROM, muscle
performance, joint mobility/stability, and balance). The re-
duction of impairments may reflect the impact of interven-
tions on the pathological condition but may or may not
translate into improvements in a patient’s health-related
quality of life, such as safety and functional abilities. Hence,
there is the need for measurement not only of impairments,
but also of a patient’s levels of physical functioning and 
perceived participation ability to accurately assess patient-
related outcomes that include but are not limited to the 
effectiveness of physical therapy interventions, such as 
therapeutic exercise.

Impact of interventions on patient-related, functional
outcomes. In response to the need to produce evidence that
supports the effectiveness of physical therapy interventions for
reducing movement dysfunction, a self-report instrument
called OPTIMAL (Outpatient Physical Therapy Improvement
in Movement Assessment Log) has been developed for meas-
uring the impact of physical therapy interventions on function
and has been tested for validity and reliability.63 The instrument
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BOX 1.16 Areas of Outcomes Assessed 
by Physical Therapists

■ Level of a patient’s physical functioning, including
impairments, activity/functional limitations, participation
restrictions, and perceived disability

■ Extent of prevention or reduced risk of occurrence or
recurrence of future dysfunction related to health
conditions, associated impairments, activity/functional
limitations, participation restrictions, or perceived disability

■ Patient’s general health status or level of well-being and
fitness

■ Degree of patient satisfaction
■ Level of safety and patient/family understanding
■ Adherence/compliance with home exercises or instructions
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measures a patient’s difficulty with or confidence in perform-
ing a series of 22 actions, most of which are related to func-
tional mobility, including moving from lying to sitting and
sitting to standing, kneeling, walking, running, climbing
stairs, reaching, and lifting. In addition, to assist the therapist
with setting goals for the plan of care, the patient is asked to
identify three activities that he or she would like to be able to
do without difficulty.

OPTIMAL also is considered to be a valid test for assisting
in the assignment of G-codes for Functional Limitation Report-
ing. As such, in 2012 the APTA mapped each of the test activities
in OPTIMAL to the Activity and Participation categories for 
G-code reporting to assist the clinician to use this tool more 
effectively. A number of studies that have investigated the ben-
efits of exercise programs for individuals with impaired func-
tional abilities86,98,155 reflect the trend in research to include an
assessment of changes in a patient’s health-related quality of life
as the result of interventions. Assessment of outcomes related
to the reduction of risks of future injury or further impairment,
prevention of further functional limitations or disability, adher-
ence to a home program, or the use of knowledge that promotes
optimal health and fitness may also help determine the effec-
tiveness of the services provided. To substantiate that the use of
physical therapy services for prevention is cost-effective, physical
therapists are finding that it is important to collect follow-up
data that demonstrate a reduced need for future physical therapy
services as the result of interventions directed toward prevention
and health promotion activities.

Patient satisfaction. Another area of outcomes assessment
that has become increasingly important in physical therapy
practice is that of patient satisfaction. An assessment of patient
satisfaction during or at the conclusion of treatment can be
used as an indicator of quality of care. Patient satisfaction sur-
veys often seek to determine the impact of treatment based
on the patient’s own assessment of his or her status at the con-
clusion of treatment compared with that at the onset of treat-
ment.154 Instruments, such as the Physical Therapy Outpatient
Satisfaction Survey (PTOPS)154 or the MedRisk Instrument
for Measuring Patient Satisfaction with physical therapy
(MRPS),13,14 also measure a patient’s perception of many
other areas of care. An important quality of patient satisfac-
tion questionnaires is their ability to discriminate among the
factors that influence satisfaction. Identification of factors that
adversely influence satisfaction may enable the clinician to
take steps to modify these factors to deliver an optimal level
of services to patients.14

Factors that may influence the extent of patient satisfaction
are noted in Box 1.17.13,14,27,154

 FOCUS ON EVIDENCE
A recent systematic review of the literature addressed the degree
of patient satisfaction with musculoskeletal physical therapy
care and identified the factors that were associated with high
patient satisfaction in outpatient settings across North America

and Northern Europe.74 The review included articles if they
were a survey, clinical trial, qualitative study, or patient inter-
view. Only 15 of several thousand articles met the inclusion cri-
teria. A meta-analysis of pooled data from the included studies
revealed that on a scale of 1 to 5 (5 being the highest level 
of satisfaction), the degree of patient satisfaction was 4.41 
(95% confidence interval = 4.41–4.46), indicating that patients
are highly satisfied with physical therapy care directed toward
musculoskeletal conditions. One finding of interest in the 
studies reviewed is the quality of the patient-therapist relation-
ship consistently ranked higher as an indicator of patient sat-
isfaction than the extent of improvement in the patient’s
physical functioning as a result of the episode of care.

Discharge Planning
Planning for discharge begins early in the rehabilitation
process. As previously noted, criteria for discharge are identi-
fied in a patient’s plan of care. Ongoing assessment of out-
comes is the mechanism by which a therapist determines when
discharge from care is warranted. A patient is discharged from
physical therapy services when the anticipated goals and ex-
pected outcomes have been attained.4 The discharge plan often
includes some type of home program, appropriate follow-up,
possible referral to community resources, or re-initiation of
physical therapy services (an additional episode of care) if the
patient’s needs change over time and if additional services are
approved.

Discontinuation of services is differentiated from dis-
charge.4 Discontinuation refers to the ending of services prior
to the achievement of anticipated goals and expected out-
comes. Several factors may necessitate discontinuation of
services, which may include a decision by a patient to stop
services, a change in a patient’s medical status such that
progress is no longer possible, or the need for further services
cannot be justified to the payer. 
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BOX 1.17 Examples of Determinants 
of Patient Satisfaction*

■ Interpersonal attributes of the therapist (communication
skills, professionalism, helpfulness, and empathy) and the
impact on the patient-therapist relationship

■ Perception of a therapist’s clinical skills
■ Extent of functional improvement during the episode 

of care
■ Extent of participation in goal setting in the plan of care
■ The acuity of the patient’s condition (higher satisfaction 

in acute conditions)
■ Convenience of access to services
■ Administrative issues, such as continuity of care, flexible

hours for scheduling, waiting time at each visit, duration of
treatments, and cost of care

*Determinants are not rank ordered.
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In conclusion, the patient management model discussed
in this section establishes a comprehensive, systematic ap-
proach to the provision of effective and efficient physical ther-
apy care and services to patients and clients. The model is a
mechanism to demonstrate the interrelationships among the
phases of the continuum of patient care set in a conceptual
framework of functioning and disability; it is aimed at im-
proving a patient’s function and health-related quality of life.
The management model also places an emphasis on reducing
risk factors for disease, injury, impairments, or disability and
promoting health and well-being in patients and clients seek-
ing and receiving physical therapy services.

Strategies for Effective
Exercise and Task-Specific
Instruction

As discussed in the previous section of this chapter, patient-
related instruction is an essential element of the intervention
phase of patient management. As a patient educator, a thera-
pist spends a substantial amount of time teaching patients,
their families, or other caregivers how to perform exercises
correctly and safely. An understanding of health literacy level
and learning style, assessed during the examination screening,
combined with the skill of the therapist to communicate in
plain language with the patient or caregiver is critical to ef-
fective exercise instruction. Effective strategies founded on
principles of motor learning that are designed to help patients
initially learn an exercise program under therapist supervision
and then carry it out on an independent basis over a necessary
period of time contribute to successful outcomes for the patient. 

Health Literacy
Health literacy is the degree to which individuals have the
capacity to obtain, process, and understand basic health in-
formation and services needed to make appropriate health
decisions190 This definition was formulated by the National
Library of Medicine and has been consistently incorporated
into national initiatives to improve health-care access, qual-
ity, and outcomes and to teach healthy lifestyles.189,190 Phys-
ical therapists have a professional and ethical responsibility
to understand health literacy and to develop the teaching
and communication skills required to provide quality pa-
tient instruction and education that fits the learning needs
and literacy levels unique to each patient.5,47,145 Commu-
nicating in plain language, including the use of easily un-
derstood handouts, brochures, videos, pictures, and
feedback, closes the gap between what the professional
knows and what the patient understands.47,145,190 Teaching
is an essential function in the practice of physical therapy;
providing intervention without incorporating elements 
of health promotion and education can result in less than
optimal outcomes for patients.

Preparation for Exercise Instruction
When preparing to teach a patient a series of exercises, a ther-
apist should have a plan that will facilitate learning prior to and
during exercise interventions. A positive relationship between
the therapist and the patient is a fundamental aspect for creat-
ing a motivating environment that fosters learning. A collabo-
rative relationship should be established when the goals for the
plan of care are negotiated. This, of course, occurs before exer-
cise instruction begins. Effective exercise instruction is also
based on knowing a patient’s learning style—that is, if he or
she prefers to learn by watching, reading about, or doing an ac-
tivity. This may not be known early in treatment, so several
methods of instruction may be necessary.

Identifying a patient’s attitudes toward exercise helps a
therapist determine how receptive a patient is likely to be
about learning and adhering to an exercise program. Answers
to the following questions may help a therapist formulate a
strategy for enhancing a patient’s motivation to exercise:

■  Does the patient believe exercise will lessen symptoms or
improve function?

■  Is the patient concerned that exercising will be uncom-
fortable?

■  Is the patient accustomed to engaging in regular exercise?

One method for promoting motivation is to design the ex-
ercise program so the least complicated or stressful exercises
are taught first, thus ensuring early success. Always ending an
exercise session with a successful effort also helps maintain a
patient’s level of motivation. Additional suggestions to en-
hance motivation and promote adherence to an exercise pro-
gram are discussed in this section following an overview of
the concepts of motor learning and acquisition of simple to
complex motor skills. Box 1.18 summarizes some practical
suggestions for effective exercise instruction.

Concepts of Motor Learning: 
A Foundation for Exercise and 
Task-Specific Instruction
Integration of motor learning principles into exercise instruc-
tion optimizes learning an exercise or functional task. An 
exercise is simply a motor task (a psychomotor skill) that a
therapist teaches and a patient is expected to learn.

Motor learning is a complex set of internal processes that
involves the acquisition and relatively permanent retention of
a skilled movement or task through practice.130,163,164,192,196 In
the motor learning literature a distinction is made between
motor performance and motor learning. Performance involves
acquisition of the ability to carry out a skill, whereas learning
involves both acquisition and retention.56,154,163 Therefore, a
patient’s ability to perform an exercise or any skilled move-
ment early in the motor-learning process is not necessarily
representative of having learned the new exercise or skill.

It is thought that motor learning probably modifies the
way sensory information in the central nervous system is 
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organized and processed and affects how motor actions are
produced. In addition, because motor learning is not directly
observable, it must be measured by observation and analysis
of how an individual performs a skill.

Types of Motor Tasks
There are three basic types of motor tasks: discrete, serial, and
continuous. 163,164

Discrete task. A discrete task involves an action or move-
ment with a recognizable beginning and end. Isolating and
contracting a specific muscle group (as in a quadriceps setting
exercise), grasping an object, doing a push-up, locking a
wheelchair, and kicking a ball are examples of discrete motor
tasks. Almost all exercises, such as lifting and lowering a
weight or performing a self-stretching maneuver, can be 
categorized as discrete motor tasks.

Serial task. A serial task is composed of a series of discrete
movements that are combined in a particular sequence. For
example, to eat with a fork, a person must be able to grasp the
fork, hold it in the correct position, pierce or scoop up the
food, and lift the fork to the mouth. Many functional tasks 
in the work setting, for instance, are serial tasks with simple
as well as complex components. Some serial tasks require 
specific timing between each segment of the task or momen-
tum during the task. Wheelchair transfers are serial tasks. A
patient must learn how to position the chair, lock the chair,
possibly remove an armrest, scoot forward in the chair, 
and then transfer from the chair to another surface. Some
transfers require momentum, whereas others do not.

Continuous task. A continuous task involves repetitive, un-
interrupted movements that have no distinct beginning and
ending. Examples include walking, ascending and descending
stairs, and cycling.

Recognizing the type of skilled movements a patient must
learn to do helps a therapist decide which instructional strate-
gies will be most beneficial for acquiring specific functional
skills. Consider what must be learned in the following motor
tasks of an exercise program. To self-stretch the hamstrings,
a patient must learn how to position and align his or her body
and how much stretch force to apply to perform the stretching
maneuver correctly. As flexibility improves, the patient must
then learn how to safely control active movements in the
newly gained portion of the range during functional activities.
This requires muscles to contract with correct intensity at an
unaccustomed length. In another scenario, to prevent recur-
rence of a shoulder impingement syndrome or back pain, a
patient may need to learn through posture training how to
maintain correct alignment of the trunk during a variety of
reaching or lifting tasks that place slightly different demands
on the body.

In both of these situations, motor learning must occur for
the exercise program and functional training to be effective.
By viewing exercise interventions from this perspective, it 
becomes apparent why applications of strategies to promote
motor learning are an integral component of effective exercise
instruction.

Conditions and Progression of Motor Tasks
If an exercise program is to improve a patient’s function, it
must include performing and learning a variety of tasks. If a
functional training program is to prepare a patient to meet
necessary and desired functional goals, it must place demands
on a patient under varying conditions. A taxonomy of motor
tasks, proposed by Gentile,56  is a system for analyzing func-
tional activities and a framework for understanding the 
conditions under which simple to complex motor tasks can
be performed. Figure 1.8 depicts these conditions and the 
dimensions of difficulty of motor tasks.

An understanding of the components of this taxonomy
and the interrelationships among its components is a useful
framework for a therapist to identify and increase the diffi-
culty of functional activities systematically for a patient with
impaired function.

There are four main task dimensions addressed in the
taxonomy: (1) the environment in which the task is per-
formed, (2) the intertrial variability of the environment that
is imposed on a task, (3) the need for a person’s body to 
remain stationary or to move during the task, and (4) the
presence or absence of manipulation of objects during the
task. Examples of simple to complex everyday activities
characteristic of each of the 16 different but interrelated task
conditions are shown in Figure 1.9.

Closed or open environment. Environmental conditions of
a task address whether objects or people (around the patient)
are stationary or moving during the task and if the surface on
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BOX 1.18 Practical Suggestions for Effective
Exercise Instruction

■ Select a nondistracting environment for exercise
instruction.

■ Initially teach exercises that replicate movement patterns
of simple functional tasks.

■ Demonstrate proper performance of an exercise (safe vs.
unsafe movements; correct vs. incorrect movements). Then
have the patient model your movements.

■ If appropriate or feasible, initially guide the patient through
the desired movement.

■ Use clear and concise verbal and written directions.
■ Complement written instructions for a home exercise

program with illustrations (sketches) of the exercise.
■ Have the patient demonstrate an exercise to you as you

supervise and provide feedback.
■ Provide specific, action-related feedback rather 

than general, nondescriptive feedback. For example,
explain why the exercise was performed correctly 
or incorrectly.

■ Teach an entire exercise program in small increments to
allow time for a patient to practice and learn components
of the program over several visits.

5850_Ch01_001-042  17/08/17  6:00 PM  Page 28



CHAPTER 1 Therapeutic Exercise: Foundational Concepts 29

DESIRED OUTCOME OF THE ACTION

BODY STABLE BODY TRANSPORT

without manipulation without manipulationwith manipulation with manipulation

SIMPLE

COMPLEX COMPLEX

COMPLEX

no
intertrial
variability

no
intertrial
variability

intertrial
variability

intertrial
variability

C
L
O
S
E
D

O
P
E
N

E
N
V
I
R
O
N
M
E
N
T
A
L 

C
O
N
D
I
T
I
O
N
S

FIGURE 1.8 Taxonomy of motor tasks: dimensions of task difficulty. (From Dennis, JK, and McKeough, DM: Mobility. In May, BJ [ed]: Home
Health and Rehabilitation—Concepts of Care. Philadelphia: FA Davis, 1993, p 147, with permission.)

FIGURE 1.9 Activities of daily living in the context of the taxonomy of motor tasks. (From Dennis, JK, and McKeough, DM: Mobility. In May, BJ
[ed]: Home Health and Rehabilitation—Concepts of Care, ed. 2. Philadelphia: FA Davis, 1999, p 116, with permission.)
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which the task is performed is fixed or moving. A closed envi-
ronment is one in which objects around the patient and the
surface on which the task is performed do not move. When a
functional task is performed in this type of environment, the
patient’s complete attention can be focused on performing
the task and the task can be self-paced. Examples of tasks per-
formed in a closed environment are drinking or eating while
sitting in a chair and maintaining an erect trunk, standing at
a sink and washing your hands or combing your hair, and
walking in an empty hallway or in a room where furniture
placement is consistent.

A more complex environment is an open environment. It
is one in which objects or other people are in motion or the
support surface is unstable during the task. The movement
that occurs in the environment is not under the control of the
patient. Tasks that occur in open environments include main-
taining sitting or standing balance on a movable surface (a
balance board or BOSU®; Fig. 1.10), standing on a moving
train or bus, ascending or descending stairs in a crowded stair-
well, crossing a street at a busy intersection, or returning a
serve in a tennis match or volleyball game. During tasks such
as these, the patient must predict the speed and directions of
movement of people or objects in the environment or must

anticipate the need to make postural or balance adjustments
as the support surface moves. Consequently, the patient must
pace the performance of the tasks to match the imposed 
environmental conditions.

Intertrial variability in the environment—absent or 
present. When the environment in which a task occurs is
constant (unchanging) from one performance of a task to the
next, intertrial variability is absent. The environmental con-
ditions for the task are predictable; therefore, little attention
to the task is required, which often enables a patient to per-
form two tasks at one time. Some examples of tasks without
intertrial variability are practicing safe lifting techniques using
a box of the same dimensions and weight, practicing the tasks
of standing up and sitting down from just one height or type
of chair, or walking on just one type of surface.

A task becomes more complex when there is intertrial vari-
ability in the environmental conditions—that is, when the 
demands change from one attempt or repetition of a task to
the next. With such variability, the patient must continually
monitor the changing demands of the environment and adapt
to the new circumstances by using a variety of movement
strategies to complete the task. Lifting and carrying objects
of different sizes and weight, climbing stairs of different
heights, or walking over varying terrain are tasks with 
intertrial variability.

Body stable or body transport. In addition to environmen-
tal conditions, tasks are analyzed from the perspective of the
person doing the task. Tasks that involve maintaining the
body in a stable (stationary) position, such as maintaining an 
upright posture, are considered simple tasks, particularly
when performed under closed environmental conditions.
When the task requirements involve the patient moving from
one place to another (body transport), such as performing a
transfer, walking, jumping, or climbing, the task is more 
complex. When a body transport task is performed in an open
environment with intertrial variability, such as walking in a
crowded corridor or on different support surfaces, such 
as grass, gravel, and pavement, the task becomes even more
complex and challenging.

Manipulation of objects—absent or present. Whether
performing a task does or does not require upper extremity
manipulation activities also affects the degree of difficulty of
the task. When a task is performed without manipulating an
object, it is considered less complex than if manipulation is a
requirement of the task. Carrying a cup of coffee without
spilling it while at home alone and walking from one room
to another is a more complex task than walking with hands
free. Doing the same task in a busy hallway further increases
the complexity and difficulty of the task.

In summary, Gentile’s taxonomy of motor tasks can be
used to analyze the characteristics of functional tasks in the
context of the task conditions. The taxonomy provides a
framework to structure individual treatment sessions with a
patient or to progress the level of difficulty of motor tasks
throughout a functional training program.

30 Strategies for Effective Exercise and Task-Specific Instruction

FIGURE 1.10 Learning to maintain standing balance on an unstable
surface is an example of a motor skill that is performed in an open
(moving) environment.
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Stages of Motor Learning
There are three stages of motor learning: cognitive, associa-
tive, and autonomous.44,131,163,164 The characteristics of the
learner are different at each stage of learning and conse-
quently affect the type of instructional strategies selected by
a therapist in an exercise and functional training program.

Cognitive Stage
When learning a skilled movement, a patient first must figure
out what to do—that is, the patient must learn the goal or pur-
pose and the requirements of the exercise or functional task.
Then the patient must learn how to do the motor task safely
and correctly. At this stage, the patient needs to think about
each component or the sequencing of the skilled movement.
The patient often focuses on how his or her body is aligned and
how far and with what intensity or speed to move. In other
words, the patient tries to get the “feel” of the exercise.

Because all of the patient’s attention is often directed to the
correct performance of the motor task, distractions in the en-
vironment, such as a busy, noisy exercise room (an open envi-
ronment), may initially interfere with learning. During this
stage of learning, errors in performance are common, but with
practice that includes error correction, the patient gradually
learns to differentiate correct from incorrect performance, ini-
tially with frequent feedback from a therapist and eventually
by monitoring his or her own performance (self-evaluation).

Associative Stage
The patient makes infrequent errors and concentrates on
fine-tuning the motor task during the associative stage of
learning. Learning focuses on producing the most consistent
and efficient movements. The timing of the movements and
the distances moved also may be refined. The patient ex-
plores slight variations and modifications of movement
strategies while doing the task under different environmental
conditions (intertrial variability). The patient also uses prob-
lem-solving to self-correct errors when they do occur. At this
stage, the patient requires infrequent feedback from the ther-
apist and instead begins to anticipate necessary adjustments
and make corrections even before errors occur.

Autonomous Stage
Movements are automatic in this final stage of learning. The
patient does not have to pay attention to the movements in the
task, thus making it possible to do other tasks simultaneously.
Also, the patient easily adapts to variations in task demands and
environmental conditions. Little, if any, instruction goes on in
this phase of learning unless the patient encounters a recur-
rence of symptoms or other problems. In fact, most patients
are discharged before reaching this stage of learning.

Variables That Influence Motor Learning—
Considerations for Exercise Instruction 
and Functional Training
Motor learning is influenced by many variables, some of
which can be manipulated by a therapist during exercise in-
struction or functional training to facilitate learning. Some
of these variables include pre-practice considerations, physical

or mental practice, and several forms of feedback. An under-
standing of these variables and their impact on motor learn-
ing is necessary to develop strategies for successful exercise
instruction and functional training. A brief overview of these
key variables that influence the acquisition and retention of
skilled movements during each stage of motor learning is pre-
sented in this section. Because concepts and principles of
motor learning encompass an extensive body of knowledge,
the reader is referred to a number of in-depth resources for
additional information.45,56,111,128,130,131,163,164,192

Pre-Practice Considerations
A number of variables can influence motor learning during
an exercise session even before practice begins. A patient’s 
understanding of the purpose of an exercise or task, as well as
interest in the task, affects skill acquisition and retention. The
more meaningful a task is to a patient, the more likely it 
is that learning will occur. Including tasks the patient identi-
fied as important during the initial examination promotes a
patient’s interest.

Attention to the task at hand also affects learning. The abil-
ity to focus on the skill to be learned without distracting 
influences in the environment promotes learning. Instruc-
tions given to a patient prior to practice about where his or
her attention should be directed during practice also may 
affect learning. There is evidence in studies of nonimpaired
individuals that learning is enhanced if a person attends to
the outcomes of performing a task rather than to the details of
the task itself.116,200 This finding is addressed in more detail in
a later discussion of feedback as it relates to motor learning.

Demonstration of a task prior to commencing practice also
enhances learning. It is often helpful for a patient to observe
another person, usually the therapist or possibly another pa-
tient, perform the exercise or functional task correctly and
then model those actions. Pre-practice verbal instructions that
describe the task also may facilitate skill acquisition, but they
should be succinct. Extensive information about the task re-
quirements early in the learning process may actually confuse
a patient rather than enhance the learning process.

Practice
Motor learning occurs as the direct result of practice—that
is, repeatedly performing a movement or series of move-
ments in a task.100,163,164 Practice is probably the single most
important variable in learning a motor skill. The amount,
type, and variability of practice directly affect the extent of
skill acquisition and retention.128,163,164 In general, the more
a patient practices a motor task, the more readily it is
learned. In today’s health-care environment, most practice
of exercises or functional tasks occurs at home independent
of therapist supervision. A therapist often sets the practice
conditions for a home program prior to a patient’s dis-
charge by providing guidelines on how to increase the dif-
ficulty of newly acquired motor skills during the later stages
of learning.

The type of practice strategy selected also has a significant im-
pact on how readily a motor task is learned.45,100,111,128,131,163,164,196
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Common types of practice are defined in Box 1.19. The type
of skill to be learned (discrete, serial, or continuous) and 
the patient’s cognitive status and stage of motor learning 
determine which practice strategies are more appropriate
than others.

Part versus whole practice. Part practice has been shown to
be most effective in the early stage of learning for the acqui-
sition of complex serial skills that have simple and difficult
components. Depending on the patient’s cognitive status, it
is usually necessary to practice only the difficult dimensions
of a task before practicing the task as a whole. Whole practice
is more effective than part practice for acquiring continuous
skills, such as walking and climbing stairs, or serial tasks in

which momentum or timing of the components is the central
focus of the learning process. Whole practice is also used for
acquisition of discrete tasks, such as an exercise that involves
repetitions of a single movement pattern.

Practice order—blocked, random, and random/blocked.
During the initial phase of rehabilitation, practice usually is
directed toward learning just a few exercises or functional
motor tasks. During the initial (cognitive) stage of learning
in which a new motor skill is acquired, blocked-order practice
is the appropriate choice because it rapidly improves per-
formance of skilled movements. A transition to random-order
or random/blocked-order practice should be made as soon as
possible to introduce variability into the learning process.
Variability of practice refers to making slight adjustments
(variations) in the conditions of a task—for example, by vary-
ing the support surface or the surroundings where a task is
performed.56,163,164

Although blocked-order practice initially improves per-
formance at a faster rate than random-order practice, random
practice leads to better skill retention and generalizability of
skills than blocked practice.128 It is thought that varying tasks
just slightly, as is done with random-order practice, requires
more cognitive processing and problem-solving than blocked-
order practice and, hence, culminates in greater retention of a
newly acquired skill after practice has ceased. However, blocked-
order practice may be preferable for patients with cognitive
deficits because random-order practice may pose too great a
challenge for the patient and subsequently interfere with the
learning process.103

Random/blocked-order practice results in faster skill 
acquisition than random-order practice and better retention
than blocked-order practice. Because random/blocked-order
practice enables a patient to perform a task at least twice 
before changing to another variation of the task, this form of
practice gives a patient the opportunity to identify and then
immediately correct errors in a movement sequence before
proceeding to the next variation of the task.56,163

Physical versus mental practice. Physical practice has long
been a hallmark of exercise instruction and functional training
in physical therapy, whereas mental practice (motor imagery
practice) has its roots in sports psychology and sport-related
training.164,171 Over the past few decades, the applicability of
mental practice as a treatment tool in the rehabilitation of pa-
tients with movement impairments has been investigated for
its potential.45,195  It is thought that mental rehearsal of a motor
task reinforces the cognitive component of motor learning—
that is, learning what to do when performing a task and refin-
ing how it is executed.

Most studies support the finding that physical practice of
motor skills by overtly performing the task is superior to
mental practice alone for learning motor tasks.163,164 How-
ever, in sports training and rehabilitation, mental practice,
when used in conjunction with physical practice, has been
shown to enhance motor skill acquisition at a faster rate than
use of physical practice alone.111,112,128,133
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BOX 1.19 Types of Practice for Motor
Learning

Part Versus Whole Practice
■ Part practice. A task is broken down into separate

dimensions. Individual and usually the more difficult
components of the task are practiced. After mastery 
of the individual segments, they are combined in 
sequence so the whole task can be practiced.

■ Whole practice. The entire task is performed from
beginning to end and is not practiced in separate
segments.

Blocked, Random, and Random/Blocked Practice
Orders
■ Blocked-order practice. The same task or series of

exercises or tasks is performed repeatedly under the same
conditions and in a predictable order; for example, the
patient may consistently practice walking in the same
environment, stepping to and from the same height
platform, standing up from the same height chair, or lifting
containers of equal size or weight; therefore, the task does
not change from one repetition to the next.

■ Random-order practice. Slight variations of the same task
are carried out in an unpredictable order; for example, a
patient could practice stepping to and from platforms of
different heights or practice standing up from chairs of
different heights or styles in a random order; therefore, the
task changes with each repetition.

■ Random/blocked-order practice. Variations of the same
task are performed in random order, but each variation of
the task is performed more than once; for example, the
patient rises from a particular height or style chair and then
repeats the same task a second time before moving on to a
different height or style chair.

Physical Versus Mental Practice
■ Physical practice. The movements of an exercise or

functional task are actually performed.
■ Mental practice. A cognitive rehearsal of how a motor task

is to be performed occurs prior to actually executing the
task; the terms visualization and motor imagery practice
are used synonymously with mental practice.
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Feedback
Second only to practicing a motor task, feedback is considered
the next most important variable that influences motor learn-
ing.128 Feedback is sensory information that is received and
processed by the learner during or after performing or attempt-
ing to perform a motor skill.56,128,130,163,164 There are a number
of descriptive terms used to differentiate one type of feedback
from another. The terms used to describe feedback are based
on the source of feedback (intrinsic or augmented/extrinsic), the
focus of feedback (knowledge of performance [KP] or knowledge
of results [KR]), and the timing or frequency of feedback (the
feedback schedule). Boxes 1.20 and 1.21 identify and define 
the various terms associated with the types and scheduling of
feedback.

Several factors influence the types of feedback that can
occur during exercise instruction or functional training and
the effectiveness of feedback for skill acquisition (perfor-
mance) and skill retention (learning). For example, a pa-
tient’s physical and cognitive status and the stage of motor
learning have a significant impact on the type of feedback
that is most effective and the timing and frequency of aug-
mented feedback implemented during practice sessions. It
has also been suggested that a therapist should encourage a
patient to provide input about his or her receptiveness to the
type of feedback or feedback schedule used during practice,
particularly once the patient has achieved a beginning level
of skill acquisition. This active participation may promote a

sense of self-control in the patient and is thought to have a
positive impact on learning.116

In order to provide the most effective forms of feedback
during exercise instruction and functional training, it is useful
for a therapist to understand the benefits and limitations of
several types and schedules of feedback for skill acquisition
and skill retention.

Intrinsic feedback. Intrinsic feedback comes from all of the
sensory systems of the learner, not from the therapist, and is
derived from performing or attempting to perform any
movement. Intrinsic feedback is inherent in the movement
itself—that is, it occurs naturally during or after a task is per-
formed.56,128,163 It provides ongoing information about the
quality of movement during a task and information about
the outcomes (results) of a task, specifically if the goal of a
task was achieved. In everyday life, intrinsic feedback is a
continuous source of information that provides KP and KR
as a person performs routine activities or tries to learn new
motor skills.

Augmented feedback. Information about the performance
or results of a task that is supplemental to intrinsic feedback
is known as augmented feedback.128,163,164,198 It is also re-
ferred to as extrinsic feedback.56,131 Unlike intrinsic feedback,
a therapist has control of the type, timing, and frequency 
of augmented feedback a patient receives during practice.
Augmented/extrinsic feedback can be provided during or at
the conclusion of a task to give information about the quality
of the performance (KP) or the quality of the outcome of 
a task (KR).

NOTE: Although augmented feedback is a commonly used in-
structional tool to facilitate motor learning in healthy individuals,
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BOX 1.20 Types of Feedback for Motor
Learning

Knowledge of Performance (KP) Versus Knowledge
of Results (KR)
■ KP. Either intrinsic feedback sensed during a task or

immediate, posttask, augmented feedback (usually 
verbal) about the nature or quality of the performance 
of a motor task.

■ KR. Immediate, posttask, augmented feedback about 
the outcome of a motor task.

Intrinsic Feedback
■ Sensory cues that are inherent in the execution of a 

motor task.
■ Arises directly from performing or attempting to perform

the task.
■ May immediately follow completion of a task or may occur

even before a task has been completed.
■ Most often involves proprioceptive, kinesthetic, tactile,

visual, or auditory cues.

Augmented (Extrinsic) Feedback
■ Sensory cues from an external source that are supplemental

to intrinsic feedback and that are not inherent in the
execution of the task.

■ May arise from a mechanical source or from another
person.

BOX 1.21 Feedback Schedules

Concurrent Versus Postresponse Feedback
■ Concurrent. Occurs during the performance of a task; also

known as “real-time” feedback.
■ Postresponse (terminal). Occurs after completing or

attempting to complete a motor skill.

Immediate, Delayed, and Summary Postresponse
Feedback
■ Immediate. Information that is given directly after a task is

completed.
■ Delayed. Information that is given after a short interval of

time has elapsed, allowing time for the learner to reflect on
how well or poorly a task was executed.

■ Summary. Information that is given about the average
performance of several repetitions of a motor skill.

Variable Versus Constant Feedback
■ Variable (intermittent). Occurs irregularly, randomly during

practice of a motor task.
■ Constant. Occurs on a regularly recurring, continuous basis

during practice of a motor task.
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it is thought to be particularly necessary when teaching motor
skills to patients who may receive inadequate or inaccurate in-
trinsic feedback as the result of impaired sensory systems from
injury or disease.56,128 

Therapists have many forms of augmented/extrinsic feedback
from which to select for exercise instruction and functional train-
ing.56,69,130,198 Some examples include verbal or tactile feedback
directly from a therapist who is interacting with a patient during
practice and visual or auditory feedback from a rehabilitative ul-
trasound imaging device (Fig. 1.11) or an electromyography
(EMG) biofeedback unit. A videotaped replay of a previous per-
formance is another source of augmented visual feedback.

to “get the feel” of movements in the task, such as how it felt
to weight shift from side to side while controlling the knees
and maintaining standing balance. At the same time the ther-
apist would provide ongoing feedback—usually verbal—
about the quality of the patient’s posture or knee control (KP)
during the weight-shifting activity.

However, research, primarily with nonimpaired subjects,
has shown that directing a person’s attention to the outcomes
of movements (KR) rather than to the details of the move-
ments themselves enhances learning (retention of a motor
skill) more effectively.200 Consequently, therapists now tend
to place greater emphasis on providing feedback about the
outcomes (results) of performing a motor skill.198

Going back to the weight-shifting example—to employ KR
during functional training, a therapist should have a patient 
perform weight shifts by reaching for objects placed in various
positions just outside the patient’s base of support. By giving the
patient a target, the task becomes goal directed as the patient 
focuses on the intended results of the movement. The patient,
therefore, learns to judge the effectiveness of his or her move-
ments based on feedback received from external cues.116,200

The feedback schedule—timing and frequency of aug-
mented feedback. The scheduling of feedback (see Box 1.21)
during practice sessions involves the timing and frequency
with which augmented/extrinsic feedback is provided. Feed-
back schedules affect motor skill acquisition and retention
and should be adjusted during the learning process.

Concurrent feedback is a form of augmented feedback that
occurs in “real time” as a patient is performing or attempting
to perform a motor task. Visual feedback from a rehabilitative
ultrasound-imaging unit (see Fig. 1.11) is an example of con-
current feedback and is useful when a patient is first learning
how to perform an isometric contraction of the trunk stabi-
lizing muscles because no observable movement of the body
occurs.

Another form of concurrent feedback, the use of manual
guidance, which provides tactile cues to the patient, may be
necessary for patient safety and may help a patient under-
stand the required movements of an exercise or functional
task. However, excessive or long-term use of manual guidance
may hamper motor learning in that it may not allow a patient
to make “safe mistakes” while figuring out how to perform a
movement. As mentioned in the discussion of the stages of
motor learning, self-detection and self-correction of errors
are absolutely necessary for learning to occur. The key is to
use the least amount of concurrent feedback for the shortest
time possible, so the patient does not become reliant on it to
carry out a task.56

Immediate, postresponse feedback is another form of aug-
mented/extrinsic feedback often used during the initial stage
of learning. The therapist provides information, often ver-
bally, about the outcome of the task (KR) immediately after
each trial. Although immediate feedback after each trial may
enhance early skill acquisition, it too does not allow time for
problem-solving by the patient and detection of errors with-
out input from the therapist. Consequently, although initial
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FIGURE 1.11 (A, B) Use of rehabilitative ultrasound imaging pro-
vides augmented (visual) feedback on the screen during exercise in-
struction to help the patient learn how to activate the transversus
abdominis and internal oblique muscles.

A

B

KP versus KR. Over the past few decades, the selection and
application of feedback have changed in the clinical setting.
Traditionally, a therapist would have a patient focus on sen-
sory information inherent in a motor task (intrinsic feedback)
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skill acquisition may occur rather quickly, learning, which in-
cludes retention, is delayed.163

As alternatives to immediate feedback, delayed feedback
from the therapist after each repetition of a task or exercise
or summary feedback after several trials have been completed
gives the patient time for self-evaluation and problem-solving
as to how the task was performed during practice, which in
turn promotes retention and generalizability of the learned
skills. Although use of delayed or summary schedules of feed-
back is associated with slower skill acquisition than concur-
rent or immediate feedback after every trial, it is thought that
delaying the timing of feedback makes the patient pay atten-
tion to intrinsic feedback inherent in the task.56,163,197

 FOCUS ON EVIDENCE
The impact of concurrent, immediate postresponse, and sum-
mary feedback schedules was investigated in a study of non-
impaired individuals.197 When subjects practiced a partial
weight-bearing activity, those who received concurrent visual
feedback (by looking at a scale) achieved the skill more
quickly than the subjects who received postresponse feedback
(either immediate or summary). However, subjects who re-
ceived concurrent feedback performed least well on a reten-
tion test 2 days after practice ended than the subjects in the
two other groups who received postresponse feedback. In ad-
dition, summary feedback was found to enhance retention to
a greater extent than immediate postresponse feedback.

The frequency with which a therapist provides augmented
feedback also should be considered. A basic principle about
augmented feedback is that “less is better.” Although the greatest
frequency of feedback is necessary during the cognitive (initial)
stage of learning when a patient is first learning how to perform
an exercise or a functional task, excessive or extended use of
any form of augmented feedback can create dependence on the
feedback and can be a deterrent to self-detection and correction
of errors.56,163,164 Excessive verbal feedback, for example, pro-
vided by a therapist after every trial also can be distracting and
may interrupt a patient’s attention to the task.

Rather than providing feedback after each repetition of an
exercise, a therapist may want to consider varying the fre-
quency of feedback (a variable feedback schedule) by giving
the patient input following more than a single repetition and
on a variable, less predictable basis. Variable (intermittent)
feedback during practice has been shown to promote reten-
tion of a learned motor skill more effectively than constant
(continuous) feedback given during or after each repetition.69

A therapist must keep in mind, however, that constant (con-
tinuous) feedback improves skill acquisition (performance)
more quickly during the initial stage of learning than variable
(intermittent) feedback.56

It is also important to fade (decrease) the frequency of
feedback over time to avoid the extended use of feedback.
Summary feedback, particularly during the associative stage

of learning, is an effective strategy to reduce the total amount
of feedback given in a practice session. As augmented feed-
back is faded, a patient must explore slight modifications of
a movement strategy and analyze the results. This promotes
problem-solving, self-monitoring, and self-correction, all of
which enable a patient to perform tasks independently and
safely and to transfer learning to new task conditions.

Application of Motor-Learning Principles 
for Exercise Instruction Summarized
Box 1.22 summarizes the information discussed in this sec-
tion with regard to qualities of the learner and effective strate-
gies for exercise instruction and functional training founded
on the principles and stages of motor learning. 44,130

Adherence to Exercise
Effective patient-related instruction for a functionally oriented
exercise program must include methods to foster adherence.
This is particularly challenging when a patient is unaccustomed
to regular exercise or when an exercise program must be carried
out for an extended period of time. Positive outcomes from
treatment are contingent not so much on designing the “ideal”
exercise program for a patient, but rather on designing a pro-
gram that a patient or family will actually follow.81,82,186

NOTE: Although the terms adherence and compliance are
often used interchangeably by clinicians and in the literature,
the term adherence has been selected for this discussion be-
cause it has a stronger connotation of active involvement of the
patient and patient-therapist collaboration. In contrast, compli-
ance tends to imply a more passive connotation with respect
to a patient’s behavior. 

Factors that Influence Adherence 
to an Exercise Program
Many factors influence adherence to an exercise pro-
gram.28,60,64,81,82,110,116,127,168,186 These factors can be
grouped into several categories: a patient’s characteristics,
factors related to a patient’s health condition or impair-
ments, and program-related variables.

Patient-Related Factors
The following patient-related factors can have a positive or
negative impact on adherence: understanding the health con-
dition, impairments, or exercise program; level of motivation,
self-discipline, attentiveness, memory, and willingness and re-
ceptivity to change; degree of fatigue or stress; the availability
of time to devote to an exercise program; the patient’s self-
perception of his or her compatibility with the therapist or
the degree of control in the exercise program; socioeconomic
and cultural background; the beliefs and attitudes about 
exercise and the value the patient places on the exercise 
program; and the patient’s access to resources. The patient’s
age and sex also influence adherence to an exercise program,
with men having higher adherence rates than women. The 
association between age and adherence is less clear.
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BOX 1.22 Characteristics of the Learner and Instructional Strategies for the Three Stages of Motor
Learning 

COGNITIVE STAGE
Characteristics of the Learner
Must attend only to the task at hand; must think about each
step or component; easily distractible; begins to understand 
the demands of the motor task; starts to get a “feel” for the
exercise; makes errors and alters performance, particularly
when given augmented feedback; and begins to differentiate
correct versus incorrect and safe versus unsafe performance.

Instructional Strategies
■ Initiate instruction in a nondistracting (closed) environment.
■ Identify the purpose and functional relevance of the exercise

or functional task.
■ Demonstrate the ideal execution of the movements

(modeling).
■ Initially, guide or assist the patient through the movements.

Reduce manual guidance feedback as soon as a patient can
safely control movements.

■ Point out the distance and speed of the movement (how far or
fast to move).

■ Emphasize the importance of controlled movements.
■ Break complex movements into parts when appropriate.
■ Have the patient verbally describe the sequence of

component motions.
■ Have the patient demonstrate each exercise or task but

practice only a few motor tasks. Keep repetitions low and
alternate tasks to ensure safety and avoid fatigue.

■ Point out sensory cues (intrinsic feedback) to which the
patient should attend.

■ Provide frequent and explicit positive feedback related to 
KP and KR.

■ Use a variety of forms of feedback (verbal, tactile, and visual)
and vary.

■ Initially use feedback after each repetition to improve
performance (acquisition); gradually transition to variable and
delayed feedback to enhance learning (retention).

■ Introduce the concept of self-evaluation and self-correction of
movements.

■ Initially, use blocked-order practice; gradually introduce
random-order practice.

■ Allow trial and error to occur within safe limits.

ASSOCIATIVE STAGE
Characteristics of the Learner
Performs movements more consistently with fewer errors or
extraneous movements; executes movements in a well-
organized manner; refines the movements in the exercise or
functional task; detects and self-corrects movement errors
when they occur; is less dependent on augmented/extrinsic
feedback from the therapist; and uses prospective cues and
anticipates errors before they occur.

Instructional Strategies
■ Emphasize practice of a greater number and variety of

movements or tasks.
■ Increase the complexity of the exercise or task.
■ Vary the sequence of exercise or tasks practiced (random-

order practice).
■ Allow the patient to practice independently, emphasizing

problem-solving and use of proprioceptive cues (intrinsic
feedback) for error detection.

■ Introduce simulation of functional tasks into the practice
session.

■ Continue to provide augmented feedback regarding KP and
KR, but avoid the use of manual guidance.

■ Delay feedback or use a variable feedback schedule to give
the learner an opportunity to detect movement errors and
self-correct them.

■ Gradually fade feedback by decreasing the total amount of
feedback but increase the specificity of feedback.

■ Allow the learner to perform a full set of exercises or several
repetitions of a functional task before providing feedback
(summary feedback).

■ Increase the level of distraction in the exercise environment.
■ Prepare the patient to carry out the exercise program in the

home or community setting.

AUTONOMOUS STAGE
Characteristics of the Learner
Performs the exercise program or functional tasks consistently
and automatically and while doing other tasks; applies the
learned movement strategies to increasingly more difficult tasks
or new environmental situations; and, if appropriate, performs
the task more quickly or for an extended period of time at a
lower energy cost.

Instructional Strategies
■ Set up a series of progressively more difficult activities the

learner can do independently, such as increasing the speed,
distance, and complexity of the exercises or task.

■ Suggest ways the learner can vary the original exercise or task
and use the task in more challenging situations encountered
in everyday activities.

■ If the patient is still in therapy, which at most is usually for just
a recheck, incorporate  little to no feedback unless a
significant movement error is noted or a potentially unsafe
situation arises.

■ Provide assistance, as needed, to integrate the learned motor
skills into fitness or sports activities.
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Factors Related to the Health Condition 
or Impairments
The acuity, chronicity, severity, or stability of the primary
health condition and related impairments and the presence
of comorbidities all have an impact on adherence. Pain is 
obviously a deterrent to adherence and therefore must be
minimized in an exercise program. When impairments are
severe or long-standing, setting short-term goals that can be
achieved regularly fosters adherence to an exercise program
that must be followed over a long period of time.

Program-Related Variables
The complexity and necessary duration of an exercise program;
the adequacy of instruction, supervision, and feedback from
the therapist; whether the patient has had input into the plan
of care; and the continuity of care from an inpatient to a home
setting all can have an impact on adherence. Programs that ad-
dress the interest level and motivational needs of a patient have
higher adherence rates. In the outpatient setting, logistics, such
as location and scheduling, the program’s atmosphere created
by the therapist/exercise instructor, and the availability of social
support and individualized attention or counselling from per-
sonnel also are important factors that foster adherence.

Strategies to Foster Adherence
A therapist should expect that most patients will not dutifully
adhere to any treatment program, particularly if regular ex-
ercise has not been a part of the patient’s life prior to the oc-
currence of disease or injury. The most a therapist can hope
to do is implement strategies that foster adherence. Some sug-
gestions from a number of resources in the literature are
noted in Box 1.23.28,60,64,81,82,99,116,127,168,186
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BOX 1.23 Strategies to Foster Adherence 
to an Exercise Program

■ Explore and try to appreciate the patient’s beliefs about
exercising or the value the patient places on exercising 
as a means to “get better.”

■ Help the patient identify personal benefits derived from
adhering to the exercise program.

■ Explain the rationale and importance of each exercise and
functional activity.

■ Identify how specific exercises are designed to meet
specific patient-centered goals or functional outcomes.

■ Allow and encourage the patient to have input into the
nature and scope of the exercise program, the selection
and scheduling of practice and feedback, and decisions of
when and to what extent exercises are progressively made
more difficult to enhance a patient’s sense of self-control.

■ Keep the exercise program as brief as possible.
■ Identify practical and functionally oriented ways to do

selected exercises during everyday tasks.
■ Have the patient keep an exercise log.
■ If possible, schedule follow-up visit(s) to review or modify

exercises.
■ Point out specific exercise-related progress.
■ Identify barriers to adherence (not enough time in the day

to do the exercises, discomfort during the exercises, and
lack of necessary equipment); then suggest solutions or
modify the exercise program.

Independent Learning Activities

Critical Thinking and Discussion
1. Critically analyze your own, an acquaintance’s, or a family

member’s exercise history. Then identify how a regular reg-
imen of exercise could improve your quality of life or
theirs.

2. Research four health conditions (diseases, injuries, 
or disorders) that result in primary impairments of the
(1) musculoskeletal, (2) neuromuscular, (3) cardiovas-
cular/ pulmonary, and (4) integumentary systems. Iden-
tify characteristic impairments (signs and symptoms)
associated with each health condition and hypothesize
what activity limitations and participation restrictions
are most likely to develop.

3. Why is it essential for a physical therapist to understand
and be able to articulate (verbally or in written form) the
interrelationships among impairments typically exhibited

by patients with various health conditions, activity limita-
tions, and participation restrictions?

4. Last month, you sprained your ankle (inversion sprain).
You had to use crutches for several days, but since then you
have been walking independently. Pain and swelling still
return after vigorous activity, and your ankle feels unstable
on uneven terrain. Using a model of functioning and dis-
ability as your frame of reference, identify specific activity
limitations and at least one participation restriction that
would most likely develop in your life as the result of your
history and current problems.

5. Using your current knowledge of examination procedures,
develop a list of specific tests and measures you would
most likely choose to use when examining a patient whose
primary impairments affect the (1) musculoskeletal, 
(2) neuromuscular, (3) cardiovascular and/or pulmonary,
and (4) integumentary systems.
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 6.  You have been asked to make recommendations for the
adoption of one or more new measurement instruments
to be used at your facility for data collection and analysis
of patient-centered functional outcomes. Review the lit-
erature on musculoskeletal assessment and identify and
summarize key features of five instruments that measure
activity limitations associated with musculoskeletal im-
pairments of the extremities, neck, or trunk. In addition,
identify and summarize key features of five measurement
instruments that assess a patient’s restricted participation
in societal, family, or work roles.

 7.  Three individuals just recently sustained similar fractures
of the hip. All underwent an open reduction with internal
fixation. The patients are an otherwise healthy 19-year-
old college student who was in an automobile accident
and wants to return to campus after discharge from the
hospital; a 60-year-old person with a somewhat sedentary
lifestyle who plans to return home after postoperative 
rehabilitation and wishes to return to work in an office
as soon as possible; and an 85-year-old individual with
severe age-related osteoporosis who has been residing in
an assisted living facility for the past year. What issues
must be considered when identifying anticipated goals
and expected outcomes and determining appropriate in-
terventions in the plans of care for these patients? In what
ways would goals and expected outcomes differ for these
patients?

 8.  Identify the key components of the patient management
model described in this chapter and discuss how each of
those components relates to the potential use of thera-
peutic exercise interventions.

 9.  Using the taxonomy of motor tasks discussed in this
chapter, identify simple to complex activities that are nec-
essary or important in your daily life. Identify at least 
3 activities that fall within each of the 16 condition 
variables described in the taxonomy.

10.  You are seeing a patient in the home setting for follow-up
of a postoperative exercise program and progression of
functional activities initiated in the hospital. The patient
is a 55-year-old computer analyst who had a (L) total knee
arthroplasty 10 days ago. You have completed your exam-
ination and evaluation. Other than a long-standing his-
tory of degenerative arthritis of the (L) knee, the patient
has no other significant health-related problems. As you
would expect, the patient has pain and limited ROM of
the (L) knee and decreased strength of the (L) lower ex-
tremity. The patient is currently ambulating with axillary
crutches, weight bearing as tolerated on the (L) lower ex-
tremity. As the patient recovers strength and ROM, design
a series of progressively more challenging functional
motor tasks the patient could practice with your supervi-
sion or independently at home based on the taxonomy of
motor tasks described in this chapter.
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Transforming society by optimizing movement to improve the
human experience.

APTA Vision Statement8

Physical therapists have long been advocates for prevention,
health, and wellness. They not only work with patients in a
rehabilitation environment, but they also have opportunity
to work with clients to improve fitness, wellness, and overall
health.6,38 Their roles include education, direct intervention,
research, advocacy, and collaborative consultation, as well as
identification of risk factors and provision of services to mit-
igate those risks,7 thus helping individuals bridge the gap be-
tween illness and wellness. Physical therapists and physical
therapist assistants also work within their communities to in-
fluence and advocate for adapting environments to promote
healthy lifestyles for all. In these ways, they can achieve the
profession’s vision of “transforming society by optimizing
movement to improve the human experience.”8

Key Terms and Concepts

Health. “A state of complete physical, mental, and social well-
being and not merely the absence of disease or infirmity.”84 “A
state of being associated with freedom from disease, injury,

and illness that also includes a positive component (well-
ness) that is associated with a quality of life and positive 
well-being.”4 

Wellness. “A state of being that incorporates all facets 
and dimensions of human existence, including physical
health, emotional health, spirituality, and social connectiv-
ity.”4 “An active process through which people become
aware of, and make choices toward, a more successful 
existence.”48

Health literacy. “The degree to which individuals have the
capacity to obtain, process, and understand basic health 
information and services needed to make appropriate
health decisions.”70

Health promotion. “Any effort taken to allow an individual,
group, or community to achieve awareness of—and empow-
erment to pursue—prevention and wellness.”4

Public health. “The practice of preventing disease and pro-
moting good health by providing the resources and creating
environments that help people stay healthy.”9

Health-related quality of life. “A broad multidimensional
concept that usually includes self-reported measures of phys-
ical and mental health.”16
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Well-being. “A positive outcome that is meaningful for people
and for many sectors of society, because it tells us that people
perceive that their lives are going well.”19

Fitness and physical activity. Refer to Chapter 7.

Chronic Disease, Prevention,
and Health Care

Noncommunicable chronic diseases are primary causes of death
and illness in the United States, with chronic diseases accounting
for 7 of the top 10 causes of death.34,83 The top four chronic 
conditions in terms of mortality include cardiovascular disease,
cancers, chronic respiratory diseases, and diabetes. According to
the Centers for Disease Control and Prevention (CDC), chronic
diseases account for about two-thirds of deaths globally.18 

Chronic Conditions Related 
to Behaviors
Chronic conditions are often attributable to behaviors. Some
common risky behaviors include tobacco use and second-hand
smoke exposure, physical inactivity and lack of regular exercise,
poor diet and nutrition, and excessive alcohol use. These be-
haviors often lead to a cascade of health problems, including
hypertension and stroke, obesity, and diabetes, among others.
Approximately 78 million Americans are at increased risk for
heart disease, diabetes, and cancer as a result of obesity alone.69

In 2013, more than 76% of adults had at least one chronic con-
dition, 19% had two to three chronic conditions, and 4% had
more than four chronic conditions.17 These conditions are
common in the patients/clients with whom physical therapists
intervene; therefore, risk factor assessment must be an integral
part of physical therapist practice.

Health-Care Costs Due to Risky
Behaviors
The risky life-style behaviors noted above result in increased
costs for health care. In 2014, the US spent approximately 
$3.0 trillion dollars on health care, averaging about $9,523 per
person, which was about 17.5% of the gross domestic product
for that year.20According to the CDC, treating people with
chronic disease accounts for about 86% of US health-care
costs.15 Although the health-care spending level is about twice
as much as other industrialized nations, the US ranks 24th
among those 30 nations in life expectancy.9 Spending on pre-
vention in the US is only about 3% of all health-care spending,
while about 75% of health-care costs are related to treatment
of largely preventable conditions.37

Investment in Prevention
To facilitate change and improve health behaviors, and
thereby reduce health-care costs and spending, investment in
prevention is critical. A 2009 report by the Trust for America’s

Health found that an investment of $10 per person per year
on prevention and wellness programs could yield a net sav-
ings in health-care costs of more than $2.8 billion annually
within 1 to 2 years and more than $16 billion annually within
5 years,68 a significant return on investment. To that end, the
Prevention and Public Health Fund (Prevention Fund) was
created as a part of the Patient Protection and Affordable Care
Act.9 The purpose of the Prevention Fund is to provide
money for investment in public health programs to improve
the health of communities and the nation.9 More than 
$4.7 billion has been allocated for prevention and public
health programs since the inception of the Prevention 
Fund in 2012.54 These activities and programs are typically
community-based programs aimed to improve health, in-
cluding those that reduce or prevent tobacco use, increase
immunization rates, improve access to care, reduce trans-
mission of HIV, and those that generally encourage healthy
living.9 Physical therapists have opportunity to facilitate be-
havior change to reduce risk factors in the individuals with
whom they work, thereby reducing not only the economic
burden of these conditions for the individual and society,
but also improving the health of the individuals and the
communities in which they live.

Wellness

There are varying definitions of wellness and models of the
components of wellness, but there is general agreement on
the multidimensional, interdependent nature of the concept
of wellness.2,13,24,48 The various components are summarized
in Table 2.1. The National Wellness Institute utilizes The Six
Dimensions of Health Model (SDH), which includes social,
occupational, spiritual, physical, intellectual, and emotional
dimensions.48 Adams, Bezner, and Steinhardt describe six 
domains of wellness, including emotional, intellectual, phys-
ical, psychological, societal, and spiritual.2 They developed the
Perceived Wellness Survey (PWS) to assess wellness across and
within those six domains of wellness. This tool is easy to 
administer and score, increasing its clinical utility for the
physical therapist.1 The Model for Healthy Living developed
by the Church Health Center in Memphis, Tennessee, includes
the domains of faith life, movement, medical, work, emotional,
nutrition, and family and friends.24 The Model of Healthy Living
Assessment Wheel, shown in Figure 2.1, provides a description
of each domain, as well as a rating system for self-assessment
for individuals.23 This tool is easily administered and has been
used in community and faith-based settings.

Healthy People 2020

In 1979, following the Surgeon General’s report on the health
of the nation, the US government developed a national pre-
vention agenda. Currently, the Office of Disease Prevention

44 Healthy People 2020
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FIGURE 2.1 Model for Health Living Assessment Wheel. (From Church Health Reader, Spring, 2013,24 with permission. Available at
http://chreader.org/wp-content/uploads/2014/12/Model-for-Healthy-Living-Assessment-Wheel.pdf)

TABLE 2.1 Domains of Wellness by Model

Domain Description Model

Social

Social

Family & Friends

Occupational
Work

Spiritual
Spiritual
Faith Life

Physical

Physical
Movement

Intellectual

Intellectual

Interacting and contributing to one’s community or environment;
emphasizes interdependence of self with others
The perception that salient others are available for support and
that one provides support for others
Giving and receiving support through relationships

Personal satisfaction and enrichment in one’s life through work
Appreciating your skills, talents, and gifts

Finding and living a life that has meaning and purpose
A positive sense of meaning and purpose in life
Building a relationship with God, your neighbors, and yourself

Making appropriate nutritional choices and participating in regular
physical activity
Positive perceptions and expectancies of physical health 
Discovering ways to enjoy physical activity

Actively using your mind to develop new skills and learn new
information
The perception that one is internally energized by the appropriate
amount of intellectually stimulating activity 

Six Dimensions of Health48

Perceived Wellness Model2,13

Model for Healthy Living24

Six Dimensions of Health48

Model for Healthy Living24

Six Dimensions of Health48

Perceived Wellness Model2,13

Model for Healthy Living24

Six Dimensions of Health48

Perceived Wellness Model2,13

Model for Healthy Living24

Six Dimensions of Health48

Perceived Wellness Model2,13

Continued

5850_Ch02_043-060  17/08/17  5:58 PM  Page 45



46 Role of Physical Therapists in Health Promotion and Wellness

TABLE 2.1 Domains of Wellness by Model—cont’d

Domain Description Model

Emotional
Emotional

Emotional

Psychological

Medical

Nutrition

Accepting and managing our feelings in all personal interactions
The possession of a secure sense of self-identity and a positive
sense of self-regard 
Managing stress and understanding your feelings to better care
for yourself

A general perception that one will experience positive outcomes
to the events and circumstances of life 
Partnering with your health-care provider to manage your 
medical care
Making smart food choices and developing healthy eating habits

Six Dimensions of Health48

Perceived Wellness Model2,13

Model for Healthy Living24

Perceived Wellness Model2,13

Model for Healthy Living24

Model for Healthy Living24

and Health Promotion in the Department of Health and
Human Services oversees this agenda through Healthy 
People 2020.1,23,50,68 The vision for Healthy People 2020 is 
“a society in which all people live long, healthy lives.”72 The
four overarching goals of this agenda are the following: 

■  Attain high-quality, longer lives free of preventable disease,
disability, injury, and premature death.

■  Achieve health equity, eliminate disparities, and improve
health of all groups.

■  Create social and physical environments that promote
health for all.

■  Promote quality of life, healthy development, and healthy
behaviors across all life stages.

Leading health indicators. Healthy People 2020 contains 
42 topic areas and more than 1,200 objectives. Leading Health
Indicators (LHI), a subset of Healthy People 2020 objectives,
have been identified since Healthy People 2010. LHIs were 
selected to communicate high-priority areas and actions to
address the 26 identified objectives. The current LHI topic
areas include access to care; clinical preventative services; en-
vironmental quality; injury and violence; maternal, infant,
and child health; mental health; nutrition, physical activity,
and obesity; oral health; reproductive and sexual health; so-
cial determinants of health; substance abuse; and tobacco
use.73 A progress update from March 2014 indicates that
progress has been generally positive for the LHI, with 14 of
the 26 indicators/objectives (53.9%) having either met their
target or shown improvement.74,75

Role of Physical Therapists
in Health Promotion and
Wellness

Consider the American Physical Therapy Association (APTA)
vision statement, “Transforming society by optimizing move-
ment to improve the human experience”.8 Optimal movement

is purposeful, efficient—especially in terms of energy expen-
diture, and reduces risk of injury or onset of impairments or
disability. Quality of life is improved with the ability to move
well. Physical therapists have unique expertise in the evalua-
tion of and interventions for dysfunction of the movement
system. 

Facilitating Transformation
Physical therapists can facilitate transformation of society
through the typical practice of working with patients in re-
habilitation after onset of injury or illness or after surgery.
Physical therapists can also facilitate this transformation by
educating patients/clients to enhance health and wellness;
identifying community resources available to the client to
support a healthy lifestyle; advocating for community systems
and resources to support health-enhancing behaviors and 
environments; influencing public policy at the local, state, and
national levels; and advocating for reduction in health dispar-
ities. Through use of clinical reasoning, knowledge, and skills,
and as experts in the human movement system, physical 
therapists can transform society by helping patients/clients
optimize movement to promote health and wellness, prevent
or reduce impairments, and reduce and/or prevent disability.

Promoting Health and Behavior Change
Due to the nature of physical therapist practice, with extended
patient/client visits over a period of time, physical therapists
are “uniquely qualified to lead the assault on lifestyle condi-
tions.”32 Physical therapists have the opportunity to not only
address patient/client specific impairments and functional
limitations, but also to promote health and influence behavior
change so that the outcome is improved individual health and
function and improved health of the community. Through
assessment of risk factors, education regarding impact of risk
factors and behaviors, and interventions designed for the 
individual to address multiple components of wellness, the
physical therapist can assist the patient/client in achieving
better health and better health-related quality of life. Helpful
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resources for counseling patients and clients about nutrition
and weight management can be found at myplate.gov and in
the 2015-2020 Dietary Guidelines for Americans.71 Physical
therapists can and should encourage their patients/clients to
increase physical activity, eat a nutritious diet and manage
weight, and have a positive outlook. 

Assess State of Wellness
Physical therapists should take the opportunity to assess 
patient/client current state of wellness using an assessment
tool, such as the Perceived Wellness Survey or the Model for
Health Living Assessment Wheel (see Fig. 2.1).1,23 These tools
are easy to administer and provide insight in terms of perceived

wellness in each category as well as across the domains. Balance
across the domains is desired. Outcomes of interventions for
these domains can be assessed with repeat administration.
When obtaining the patient/client history, include questions
about general health status and social and health habits, 
including current level of physical activity, tobacco use, 
nutrition and weight management, adequacy of sleep, and
level of stress.13 In addition to asking about these behaviors,
discuss options for intervention with the patient/client, such
as identifying smoking cessation or nutritional counseling
and weight loss programs available in the area. Table 2.2 de-
scribes physical therapists’ behaviors, knowledge, and skills
needed for incorporating health and wellness into practice.13
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TABLE 2.2 Health and Wellness Knowledge and Skills for Physical Therapists13

For all behaviors: normal and abnormal pathophysiology, epidemiology of injury and disease, risk factors, protective health
behaviors, theories of health behavior change, ecological approaches to behavior change, counseling skills, local and
community resources, history taking, rapport building, and ability to assess readiness to change

Behavior Knowledge Skill

Physical activity

Nutrition and 
weight 
management

Smoking 
cessation

Sleep

■ Age-and disease-specific exercise
prescription for lifestyle-related
conditions

■ Physical activity guidelines

■ Population-based nutrition trends
and data

■ Overweight and obesity guidelines
(e.g., BMI)

■ Basic nutritional information and
resources (e.g., ChooseMyPlate.gov)

■ Smoking information and resources
■ 5 A’s
■ 5 R’s

■ Etiology, pathophysiology, diagnosis,
treatment, prevention, and public
health burden of sleep loss and
disorders

■ Ability to ask the question “Are you physically active?” and
provide guidance when the answer is “No”

■ Personal experience with physical activity; role modelling
■ Screening for physical activity
■ Exercise prescription
■ Counseling skills, including skill in motivational

interviewing
■ Time management (i.e., fitting regular physical activity into

daily lifestyle)

■ Ability to ask questions like “Do you eat five servings of
fruits and vegetables per day?” and “Do you drink at least
six to eight, 8-oz glasses of water per day?” and provide
guidance when the answer is “No”

■ Role modeling healthy eating habits
■ Screening for malnutrition, undernutrition, and obesity
■ Assessment of BMI
■ Counseling skills, including skill in motivational

interviewing
■ Ability to recognize need to refer to a nutrition specialist

■ Ability to ask the question “Do you smoke cigarettes?” and
provide guidance when the answer is “Yes”

■ Role modelling not smoking
■ Screening for tobacco use and desire to quit
■ Counseling skills, including skill in motivational

interviewing
■ Interprofessional collaboration
■ Physical activity prescription to promote and support

smoking cessation

■ Ability to ask the questions “Do you get 7 to 8 hours of
sleep each night?” “Are you tired in the morning?” “Do you
fall asleep quickly?” “Are you sleepy during the day?” “Do
you wake up at night?” and provide guidance if the
answers indicate poor sleep hygiene

Continued
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TABLE 2.2 Health and Wellness Knowledge, and Skills for Physical Therapists13—cont’d

Behavior Knowledge Skill

Stress 
management

*Taken from Phys Ther 95(10):1433–1444, 2014, with permission of the American Physical Therapy Association. © 2015 American Physical Therapy
Association13

■ Recommend sleep habits and
conditions conducive to sleep

■ Difference between positive and
negative stress

■ Theory supporting relaxation
techniques

■ Role of physical activity in managing
stress

■ Resilience theory

■ Role modeling healthy sleep habits
■ Screening for sleep disorders
■ Ability to provide instructions about optimal sleep habits
■ Ability to recognize need to refer to another provider
■ Physical activity prescription to enhance sleep

■ Ability to ask the question “Do you feel stressed?” and
provide guidance when the answer is “Yes”

■ Role modeling stress management
■ Screening for stress
■ Ability to instruct in relaxation techniques (e.g., deep

breathing, PMR, visualization, meditation, autogenic
training, biofeedback, massage)

■ Physical activity prescription to manage stress, including
tai chi and yoga

■ Time management techniques
■ Ability to recognize need to refer to another provider

Function of the Physical Therapist
Roles of the physical therapist in prevention, health promo-
tion, and wellness include:4

■  Identifying risk factors and interventions to reduce risk in in-
dividuals and communities.

■  Preventing or slowing progression of functional decline and
disability and enhancing activity in those with a diagnosed
condition.

■  Reducing disability by restoring skills and independence in
those with chronic conditions.

■  Screening: Identifying individuals or groups who would
benefit from education, intervention, or referral to an 
appropriate health-care provider.

■  Intervention: Providing interventions as identified from
screening sessions.

■  Consultation: Providing expertise and knowledge.
■  Education: Providing information on prevention, health,

wellness, and fitness topics.
■  Critical Inquiry: Obtaining, synthesizing, and utilizing cur-

rent research; interpreting data; and/or participating in 
research.

■  Administration: Planning, developing, and managing all as-
pects of a prevention or wellness project including budget,
human resources, and space.

Prevention Activities
Examples for various prevention activities can be found in
Table 2.3. When developing prevention activities, it is impor-
tant to note that there are three types of prevention:4

■  Primary prevention: Preventing a target problem or condi-
tion in an individual or in a community at risk; for example,

developing fitness programs for children to prevent obe-
sity or a back injury prevention program for warehouse
workers.

■  Secondary prevention: Decreasing the duration and severity
of disease; for example, developing resistance programs for
individuals with osteoporosis.

■  Tertiary prevention: Decreasing the degree of disability and
promoting rehabilitation for individuals with chronic or
irreversible diseases; for example, developing fitness pro-
grams for individuals with spinal cord injury.

 FOCUS ON EVIDENCE
Norman and her coauthors50 assessed psychological well-
being (Positive Affect Balance Scale), depression symptoms
(Edinburgh Postnatal Depressions Scale), and physical activ-
ity (minutes per week) in postpartum women. The interven-
tion group (n = 62) participated in an exercise and education
program for 8 weeks led by a women’s health physical thera-
pist, while the control group (n = 73) was mailed the same ed-
ucational material over the 8 weeks. The intervention group had
a significant difference in well-being (improvement p = 0.007)
and a reduced risk of developing postpartum depression 
(P < 0.001) compared with the control group but no differ-
ence in amount of physical activity.

Identifying Risk Factors
When developing specific programs related to health, well-
ness, and fitness, it is important to conduct risk assessments
and preparticipation screenings. The reader is referred to the

5850_Ch02_043-060  17/08/17  5:58 PM  Page 48



American College of Sports Medicine (ACSM)3 for several
tools to assess these factors. 

Preparticipation Screening
Prior to participation in moderate-intensity physical activity,
the individual should be asked several questions as summa-
rized in Box 2.1.65 Individuals who answer yes to one or more
questions should be evaluated further and may require con-
sultation with their physician before starting some activities
(see the appendix following Chapter 24). For higher-performing
clients, the Functional Movement Screen (FMS) and the 
Selective Functional Movement Assessment (SFMA) can be
used to assess movement patterns with seven activities.25, 26

The FMS has been used to assess athletes, fireman, and mili-
tary personnel. The SFMA is a similar assessment but is used
with those with known musculoskeletal pain.22,28,41,51

Risk Assessment
The participant should be assessed for risk factors associated
with specific conditions such as coronary artery disease
(CAD) and osteoporosis, as shown in Box 2.2.3, 47 Identifica-
tion of risk factors guides the therapist when deciding how to
proceed. If multiple risk factors, such as those associated with
CAD, are identified, a participant may need to be referred to
a physician prior to initiating a program. However, if the risk
factors are minimal, the therapist should monitor and
progress the chosen activities or exercises within established
guidelines. (See Chapter 7 for guidelines related to aerobic 
exercise.)

An individual with identified risk factors for osteoporosis
may require additional screening for balance and strength.
The therapist can then develop an appropriate exercise 
program that reduces the risk of injury. (See Chapter 6 for
precautions during resistance training and Chapter 8 for 
balance programs.)

Determining Readiness to Change
Once the preparticipation screenings and risk assessments are
completed, but prior to individualized program development,
it is important to know where the person is in terms of readi-
ness for behavior change. There are multiple theories and
models related to health promotion interventions that explain
how behavior change occurs. Understanding several of these
behavioral change theories can help guide the therapist and
client toward the desired outcome.
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TABLE 2.3 Prevention Activities

Screening Risk Assessment Health Promotion, Wellness, and Fitness

Scoliosis

Obesity

Osteoporosis

Falls

Work site assessment

Education: Information flyer for parents on identification and treatment for idiopathic
scoliosis.

Intervention: Develop exercise/fitness program for overweight teens and adults. Include
education on nutrition and weight management. Use myplate.gov for education and
tracking tools.

Education: Develop community education programs related to osteoporosis (importance
of exercise, reducing falls in the home). Administration: Develop a resistance and weight-
bearing exercise class for individuals with osteoporosis.
Screening: Perform Falls Risk Assessment at community health fair.

Critical Inquiry: Complete a literature review and identify the most appropriate measures
of fall risk. Intervention: Develop exercise program to increase strength, balance, and
coordination in older adults.

Consultation: Work with human resource department of a company to identify ways to
reduce workplace injuries. Educate: Educate employees and management on proper body
mechanics, work station redesign, and ways to reduce injury risk.

BOX 2.1 Activity Prescreening Questions

1. Have you ever been diagnosed with a heart condition?
2. Have you ever been advised that you should only do

physical activity under the direction of a physician?
3. Do you experience chest pain when you do physical

activity?
4. Have you experienced chest pain during this past month

when not physically active?
5. Have you been diagnosed with arthritis or osteoporosis,

or have you experienced increased pain in your joints
when physically active?

6. Are you currently taking prescription drugs for blood
pressure or a heart condition?

7. Do you ever lose your balance or lose consciousness?
8. Are you aware of any condition that would prohibit you

from doing physical activity?

5850_Ch02_043-060  17/08/17  5:58 PM  Page 49



Behavioral Change Theories
Social cognitive theory. The underlying premise of the 
social cognitive theory is that learning occurs within a social
context with a dynamic and reciprocal interaction between
cognitive processes, environment, and behavior.11,12 An indi-
vidual must believe that he or she can change a particular 
behavior and that changing that behavior will lead to positive
outcomes that outweigh possible negative outcomes one
might experience.27,33,42,44,67 For example, a patient/client may
want to lose weight. In addition to the desire to change the
behavior(s) causing the increased weight, the patient/client
needs to believe that he or she is capable of succeeding (self-
efficacy) and that the outcome will improve his or her health.
If the patient/client decides to use exercise to lose weight, clear
instructions on how to perform and progress the exercise pro-
gram must be given. Feedback on performance must then
occur to achieve the final outcome of weight reduction. Self-
efficacy is one construct within this model. Many researchers
have identified positive self-efficacy as the key to successful
participation in physical activity.56,64,80

Health belief model. The health belief model (HBM), one of
the most influential and widely used psychosocial approaches
to explaining health-related behavior, was initially created to ex-
plain the failure of people to participate in programs to prevent
or to detect disease.27,59 The HBM has six constructs: perceived
susceptibility, perceived severity, perceived benefits, perceived
barriers, cues to action, and self-efficacy.59 An individual must

have sufficient concern about developing an illness (perceived
threat, mediated by perceived susceptibility and perceived sever-
ity of disease). Next, the individual needs to believe that they
can be successful following the health recommendations (self-
efficacy) and that by doing so, it is possible to achieve the desired
outcome (perceived benefit). The likelihood of taking the pre-
ventative action is mediated by the perceived benefits minus the
perceived barriers of such action. Modifying factors to perceived
threat include cues to action, such as a reminder card from the
dentist, media campaigns, or illness of a loved one.27 Using the
example of losing weight, an individual would have to believe
that being overweight puts him or herself at a greater risk for
developing heart disease (perceived threat). This threat may be
greater because of a family history. The individual may under-
stand that modifying the diet can help with weight loss but is
not sure of the best way to proceed or if they can even be suc-
cessful with dieting. The person may consider joining a weight
loss program but may not be sure he or she can afford the weekly
fee (perceived barrier). If the perceived threat is sufficiently high,
the individual may choose to join the weight loss program to
obtain the desired benefit or may choose a different method of
weight loss that does not have the same cost, such as using 
Internet resources, like myplate.gov.

Transtheoretical model. The transtheoretical model (TTM),
also known as the stages of change model, was first described
by Prochaska in 1979. The TTM “is an integrative framework
for understanding how individuals and populations progress
toward adopting and maintaining health behavior change for
optimal health.”55

The TTM has five stages of change:27, 44,55,59,67

1. Precontemplation—no intention of making any changes
within the next 6 months.

2. Contemplation—intend to make changes within the next
6 months.

3. Preparation—has begun to take steps toward making the
desired change in behavior and plans to make the changes
within the next 30 days.

4. Action—has changed the behavior for less than 6 months.
5. Maintenance—has changed the behavior for more than 

6 months.

By knowing what stage an individual is in and knowing the
beliefs they have regarding the need to change, the physical
therapist can assist in planning the intervention, particularly
if individuals are not ready to make any changes. It allows the
therapist to give information needed at the appropriate time.
Figure 2.2 depicts an algorithm for determining what stage of
change an individual is in, using exercise as an example. 

 FOCUS ON EVIDENCE
Using the HBM, Chen21 assessed older adults in a long-term
care (LTC) facility about barriers to participating in physical
activity. The residents interviewed identified five main barri-
ers: (1) physical frailty and health problems, (2) fear of falling
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BOX 2.2 Risk Factors for Coronary Artery
Disease and Osteoporosis

Coronary Artery Disease Risk Factors
■ Family history
■ Cigarette smoking
■ Hypertension
■ Hypercholesterolemia
■ Impaired fasting glucose level
■ Obesity
■ Sedentary lifestyle

Osteoporosis Risk Factors
■ Bone mineral density score of –2.5 or less
■ Postmenopausal
■ Caucasian or Asian descent
■ Family history of osteoporosis
■ Low body weight
■ Inactive lifestyle
■ Insufficient calcium and vitamin E
■ Insufficient fruits and vegetables in diet
■ Smoking
■ Excessive consumption of alcohol
■ Prolonged bed rest
■ Prolonged use of corticosteroids and other medications,

including selective serotonin reuptake inhibitors, proton
pump inhibitors, and some antacids
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and being injured, (3) past history of little to no physical 
activity, (4) limited knowledge about physical activity, and 
(5) restrictions within their environment. The author recom-
mended addressing these modifiable barriers through careful
planning, education, and interventions to increase physical
activity in older adults living in LTC facilities to prevent 
further declines in function and mobility. 

Motivation Affecting the Ability to Change
By definition, motivation is how we move ourselves or others
to act.64,67 When attempting to motivate an individual or
group, several dimensions of motivation need to be consid-
ered. What is the intrinsic motivation? Is it the goal or expec-
tation to do one’s personal best? Is it the level of difficulty of
the task and any potential incentives? Does the individual
have the ability to learn and act on what they learn to be 
successful?

Next, what is the performance motivation? Positive and
negative reinforcement or rewards can improve performance,
as can success or failure. Generally, the best performance mo-
tivators are low failure and/or high successes.

Finally, what is the task motivation? This relates to knowl-
edge and feedback on the performance and should include
information on how to improve.

Physical Activity Guidelines

In October 2008, the US Department of Health and Human
Services published Physical Activity Guidelines for Americans,
which provides physical activity recommendations for per-
sons 6 years and older and for specific subgroups.78 This docu-
ment is based on the findings of the Physical Activity Guidelines
Advisory Committee, which conducted an extensive analysis

of the scientific information on physical activity and health.
Their findings suggest that some physical activity is better
than none and that more activity is better than some. The
guidelines include the minimal level of recommended phys-
ical activity to achieve most health benefits, although addi-
tional benefits occur with more activity. These health
benefits include the reduction in risk for many chronic dis-
eases. The Physical Activity Guidelines Advisory Committee
also found that muscle strengthening and aerobic activities
are beneficial and that the benefits of physical activity far
outweigh the risks. A process is currently in place to update
the guidelines. 

Physical Activity Recommendations
In order to achieve the most health benefits, the following are
identified for each age group.

Children and Adolescents
Children and adolescents (aged 6 years and older) should 
participate in at least 60 minutes of moderate to vigorous
physical activity daily. 

■  At least 3 days a week, the activity level should be vigorous
■  Both bone and muscle strengthening activities should be

included in daily activity at least 3 days per week.
■  Activities should be both age appropriate and fun.

Adults
Adults should participate in moderate intensity physical activity
for a minimum of 150 minutes or vigorous intensity for 
75 minutes per week.

■  Episodes of at least 10 minutes count toward daily total.
■  Muscles strengthening activities should be included at least

2 days per week.

Older Adults
Older adults (65 years and older) should follow adult guide-
lines as able.

■  Participate in moderate intensity physical activity for a min-
imum of 150 minutes or vigorous intensity for 75 minutes
per week.

■  Include balance exercises to reduce risk of falls.
■  Episodes of at least 10 minutes count toward daily total.
■  Muscles strengthening activities should be included at least

2 days per week.

Adults With Disabilities
Adults with disabilities should follow adult guidelines as able.
Those unable to meet the guidelines should:

■  Engage in regular physical activity according to their abil-
ities and should avoid inactivity.

■  Consult with their health-care provider for an individual-
ized program that is appropriate for their abilities.
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Do you intend to do so 
in the next 6 months?

States of Change: In What Stage Are You?

No

Do you intend to do so 
in the next 30 days?

Have you been doing so
for more than 6 months?

Yes

No Yes

Precontemplation Contemplation Preparation

No Yes

Action Maintenance

Do you exercise regularly?

FIGURE 2.2 Transtheoretical Model Algorithm. (Adapted from Reed
et al: What makes a good staging algorithm: Examples from regular
exercise. Am J Health Promot 12(2):57-66, 1997)57
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Considerations for People
With Disabilities

Individuals with disability encompass almost 19% of the US
population.14 The World Health Organization (WHO) de-
fines disability as an “umbrella term, covering impairments,
activity limitations, and participation restrictions. Disability
is the interaction between individuals with a health condition
(e.g., cerebral palsy, Down syndrome, and depression) and
personal and environmental factors (e.g., negative attitudes,
inaccessible transportation and public buildings, and limited
social supports).”82 In the WHO’s ICF, disability and function
are viewed as multifactorial and biopsychosocial phenomena,
with both affected at the body, person, and society levels.49 

Health Disparities and Risks
As a group, individuals with disability experience greater
health disparities than those without disability.60 Adults with
disabilities and chronic conditions generally receive fewer 
preventive services and have poorer health status than those
without disabilities with the same conditions.58 These indi-
viduals are at higher risk of secondary conditions, including
obesity, hypertension, cardiac disease, stroke, diabetes, arthri-
tis, asthma, and depression, and are more likely to engage in
unhealthy behaviors like smoking, poor diet, and inadequate
physical activity.58,60,61,79,82 According to the WHO, while peo-
ple with disabilities have the same health-care needs as those
without disabilities, those with disabilities are two times more
likely to find health-care provider’s with inadequate skill 
and facilities, 3 times more likely to be denied health care, 
and 4 times more likely to be treated poorly in the health-care
system.81

People with disabilities, especially those with intellectual
disabilities, have been described as having a “thinner margin
of health,”53 and therefore, physical activity is especially im-
portant. It is important to remember that individuals with dis-
ability are not “sick” but are more commonly in good health.
However, their impairments of body functions and structures,
activity limitations, and participation restrictions often put
them at risk for and more vulnerable to health problems. Care-
taker and family member attitudes of the individual’s abilities
and disability can contribute to learned helplessness, creating
further barriers to physical activity. Additionally, individuals
with disabilities typically have fewer opportunities to partici-
pate in health promoting behaviors, as facilities are often not
designed to be inclusive or adaptive. 

Children with disabilities often have individualized edu-
cation plans and routinely work with physical therapists both
within and outside of school systems. As these individuals be-
come adults, access to physical therapy may be limited. Too
often, health and fitness professionals lack adequate training
and/or comfort level in working with persons with disabili-
ties, especially intellectual disabilities. Often, attitudes of fam-
ily and caregivers about their own levels of fitness can affect

the attitude and fitness level of the person with disability, and
education of those caregivers may also be necessary to facili-
tate fitness for the individual. 

Achieving Health Equity for Those
with Disabilities
Healthy People 2020 affirms that disparities are present for this
population, and one of the four overarching goals of Healthy
People 2020 is to achieve health equity, eliminate disparities,
and improve the health of all groups, including those with
disabilities.73 Some objectives in Healthy People 2020 for 
people with disabilities are (1) inclusion in public health 
activities, (2) receiving well-timed intervention and services,
(3) interaction with their environment without barriers, and
(4) participation in everyday life activities. In order to meet
these objectives, ways must be developed to include those with
disabilities in public health programs.79 Physical activity has
a key role in increasing quality of years of healthy life and
eliminating health disparities. As noted above in the Physical
Activity Guidelines for Americans, those with disabilities
should be physically active and avoid inactivity. Some objec-
tives of a wellness program for people with disabilities are
found in Box 2.3.

Resources. The National Center on Health, Physical Activ-
ity, and Disability (NCHPAD) is an excellent resource; it
provides information on physical activity, health promotion,
and disability, and it provides health promotion resources
for professionals and for those with disabilities who want to
achieve a healthy lifestyle.46 The NCHPAD primarily serves
persons with physical, sensory, and cognitive disabilities
across the life span. Resources for professionals include tools
for building inclusive communities, accessible fitness, inclu-
sive fitness (i-Fit Tips), and a guidebook for healthy living
with a spinal cord injury. There are also resources for indi-
viduals relating to living healthy with a variety of disabilities
and ways to improve access in communities. The “Get the
Facts” publication provides general exercise guidelines for
individuals with disabilities, as well as a description of the
NCHPAD’s 14-week fitness program. Box 2.4 provides pre-
liminary steps to exercise for persons with disabilities, taken
from the NCHPAD.
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BOX 2.3 Sample Objectives of a Wellness
Program for Individuals With
Disabilities

1. Reduce secondary conditions
2. Maintain functional independence throughout life span
3. Provide an opportunity for leisure and enjoyment
4. Enhance overall quality of life by reducing environmental

barriers to good health
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Role of physical therapist. Physical therapist interventions
have a positive impact on overall health and wellness, prima-
rily through patient/client education and movement. Physical
therapists have opportunity to consult with individuals with
disability and help them develop fitness programs to facilitate
wellness. This is accomplished through interventions de-
signed to improve muscle strength, flexibility, and endurance,
as well as cardiovascular and pulmonary endurance. Major
goals of fitness programs for individuals with developmental
delay are provided in Box 2.5.62

Exercise adherence. Physical activity is important for all, es-
pecially so for those with disabilities, but adherence to a struc-
tured exercise program can be an issue. Some suggestions to

improve exercise adherence in this population include using
a buddy system to be physically active with a friend or care-
giver, keeping an exercise log, and using a reward system
(preferably not with food) when goals are achieved.62 Re-
member, a “one size fits all” approach to physical activity does
not work for individuals with disability. Consideration must
be made for disability specific variability, an individual’s 
comorbidities, and personal and environmental barriers to
participation. By addressing these concerns with a fitness pro-
gram and achieving improved physical activity and fitness
levels, impairments of body functions and structures, activity
limitations, and participation restrictions may be prevented,
remediated, and improved.5 

Mindfulness: Implications
for Health and Wellness

Chronic or persistent pain, as well as chronic musculoskeletal
conditions, have an effect on overall wellness. In the presence
of chronic conditions, neurophysiological changes occur in
the peripheral and central nervous systems. Integrating the
principles of mindfulness with traditional exercise is an ap-
proach physical therapists can use to address these neuro-
plastic changes to help patients and clients with persistent
symptoms deal with associated stress and anxiety.45,52 Physical
therapists routinely work on body and movement awareness,
and the addition of mindful awareness may prove highly 
beneficial. Mindfulness can help a patient/client learn to 
separate the self from the illness and improve quality of life.
Applications of mindful awareness include prevention of 
injury, rehabilitation, and increased tolerance of uncomfort-
able or painful medical treatments. 

Mindfulness Defined
Mindfulness has been defined as “paying attention in a par-
ticular way: on purpose, in the present moment, and non-
judgementally.”39 Simply, it means paying full attention.
Mindfulness has also been described as “…the non-judgmental
observation of the ongoing stream of internal and external
stimuli as they arise.”10 That is, recognizing that thoughts, per-
ceptions, sensations, and emotions that enter one’s awareness
are observed, but are not judged in any way—not good or
bad, not helpful or detrimental, and not important or unim-
portant. With distraction being a dominant condition of
modern Western culture, mindfulness is a logical response.
Mindfulness is one way to focus attention on the here and
now, and this approach meets people where they are, viewing
them as whole rather than broken. McManus describes seven
qualities of mindful awareness based on the work of Kabat-
Zinn.40,45 These seven qualities include present moment
awareness, fundamental kindness, nonjudging, acceptance,
nonstriving, not knowing, and letting go. These are further
described in Box 2.6.
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BOX 2.4 Preliminary Steps to Exercise
(NCHPAD)46

1. Inform your physician, other health-care provider, or
primary caregiver that you are considering starting an
exercise program. 

2. If possible, participate in a graded exercise test to
determine your current level of fitness.

3. Find out the effects, if any, of your medication on
exercise. 

4. If possible, consult a trained exercise professional for an
individualized exercise prescription.

5. Determine your goals and make sure they are
S.M.A.R.T.**

**S.M.A.R.T. goals are Specific, Measurable, Attainable, Relevant,
and Time Bound.

BOX 2.5 Major Goals of a Fitness Program 
for Individuals With Developmental
Delay62

1. Aim to expend 200 to 400 calories a day. Fittest persons
aim for 400 kcal/day while less fit aim for 200 kcal/day,
working up to 300 kcal/day after 6 months of training. 

2. Use the 3-2-1 principle when developing your fitness
program:
■ 30 minutes of cardiovascular training (starting at 45%-

55% max heart rate)
■ 20 minutes of strength training (may take longer to

master; stress safety)
■ 10 minutes of flexibility exercises

3. Include a variety of activities; have one program for
M/W/F, another for Tu/Th, and different activities for the
weekend.

4. Aim for 30 to 60 minutes a day. This can be broken up 
into 4 sets of 15 minute bouts, 3 sets of 20 minute 
bouts, or 2 sets of 30 minute bouts. Do what works 
for the individual.

5. For a structured program, get physician clearance. 
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Mindfulness Meditation 
Mindfulness meditation is defined as “the deliberate training
of the mind in present moment awareness” and generally re-
sults in increased compassion, understanding, inner peace,
and well-being.45 Mindfulness based stress reduction (MBSR)
was first developed by Jon Kabat-Zinn in 1979 at the Univer-
sity of Massachusetts Medical Center and was originally
housed in the Department of Physical Therapy there before
moving to the College of Medicine.45 The effects of MSBR and
mindfulness meditation have been studied in persons with
chronic pain, multiple sclerosis, depression and anxiety, cancer,
and psoriasis and in high school, college, and elite athletes. 

Research suggests that mindfulness meditation has a 
positive effect on attention regulation, body awareness, and
emotional regulation.36 MBSR programs promote accept-
ance without judgment to minimize anxiety and its effects
on pain processing as well as encouraging movement and
relaxation and translation of these skills to daily life.35,52

Mindfulness meditation has been shown to have positive
influence on immune response,31 reduction in stress re-
sponse,30 reduction in serum cortisol levels, increased
serum protein, and reduction in heart rate and blood pres-
sure.66 There is increasing evidence that mindfulness med-
itation can significantly attenuate the subjective experience
of pain.84 It has been suggested that mindfulness medita-
tion–related pain relief may share a common final pathway
with other cognitive techniques in pain modulation, with
resultant reappraisal of faulty beliefs and restructuring 
of negative conditions.84 MBSR has also been shown to de-
crease stress, anxiety, and depression associated with persistent

pain, improve pain acceptance, and it shows promise in the
treatment of central sensitization in those with chronic
musculoskeletal disorders.29,35,52,63

Mindful Breathing
Mindful breathing is one method to integrate mindfulness in
physical therapist interventions. Patients and clients often
hold their breath when performing a painful movement or
exercise that is very challenging. McManus advocates that
every wellness program should include instruction in mindful
breathing. She suggests that the practice of mindful breathing
allows one to observe automatic mental, physical, and emo-
tional reactions, which can play a role in symptom severity
and distress.45

Mindful breathing involves observing the breath and breath-
ing deeply during distress, and it can be taught as a part of mind-
fulness meditation (15 to 60 minutes) or as brief (5-minute)
practices. One example of mindful breathing is found in 
Box 2.7. Further examples can be found in the McManus text,45

or one can Google “mindful breathing exercises” for a host of
examples. Other exercises in mindfulness meditation can be
found by searching Google or YouTube. Numerous apps are 
also now available for use on mobile phones and tablets for the
practice of mindfulness. 

Mindful Eating
One often cited exercise to learn the skill of mindfulness, de-
scribed by Kabat-Zinn, is the mindful eating exercise.40 With
this exercise, which lasts approximately 5 minutes or more, one
practices mindful eating with a raisin. As with other mindful-
ness exercises, provide the instruction that when one finds 
the mind wandering from the task at hand, gently return one’s
attention to the raisin and what is being done with it. The
raisin is first held in the hand and observed, examining the
color and details of the raisin. One considers how the raisin
came to be in one’s hand, from its planting and growth, to its
harvesting, and to its placement in the hand. It is moved in the
hand, appreciating the texture, and it is smelled, noticing any
response of the salivary glands or the stomach. It is placed in
the mouth, with the sensation of that appreciated. It is then
chewed, appreciating the sensation of that and both the texture
and taste of the raisin and the body’s response to it. Finally, the
raisin is swallowed. The experience is then considered.

Developing and
Implementing a 
Wellness Program

In general, there are several steps to follow when developing
and implementing prevention, health, and wellness pro-
grams.27,44 These steps are summarized in Box 2.8. The follow-
ing case example illustrates the process.
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BOX 2.6 Qualities of Mindful Awareness45

1. Present Moment. Mindfulness invites one to be in the
moment and experience peace and well-being in the here
and now. 

2. Fundamental Kindness. Meeting oneself with kindness;
being friendly toward ourselves.

3. Nonjudging. Judging experiences as good or bad results in
triggers for automatic behaviors based on past experiences
and can limit understanding of the self. Mindfulness allows
one to be an impartial witness without those automatic
behaviors.

4. Acceptance. Accepting one’s thoughts, feelings, and
actions just as they are.

5. Nonstriving. Efforts are directed at being fully aware of
one’s experience just as it is, without trying to force or
change that experience.

6. Not Knowing. Mindfulness allows the temporary suspension
of preconceived ideas, concepts, and expectations so that
new learning can occur and life can be revealed rather than
forced. It is meeting the world with a “beginner’s mind.”

7. Letting Go. Recognizing that life is change, mindfulness
allows one to let go and be open to those changes.

5850_Ch02_043-060  17/08/17  5:58 PM  Page 54



CHAPTER 2 Prevention, Health, and Wellness 55

BOX 2.7 Mindful Breathing Exercise (from McManus45)

■ Sit comfortably and avoid slouching. Sit so that your shoulders
are aligned over your hips and both feet are on the floor. Close
your eyes. Consider the quality of awareness you might bring
to something in nature, such as how you might look at the
ocean or mountains. This quality of awareness is open and
nonjudging.

■ Now bring this same quality of awareness to your inner
landscape and observe your breathing. As you inhale, simply
feel what part of your body moves. As you exhale, simply feel
what part of your body moves as you exhale. Do not try to
consciously change your breathing. Simply observe your
breathing just as it is.

■ You can experience the movement of your breathe in different
places in your body. You might notice your belly move, your rib
cage rising and falling, or your chest moving as you breathe.
Each breath is unique. Simply experience the movement of
your body as it occurs, moment to moment.

(Pause to allow participants to practice.)

■ Now place one hand on your upper chest. Draw your stomach
in slightly and breathe into your hand. Allow your breath to be
of average size. You should feel your upper chest and rib cage
rise and fall. Observe these sensations as they are. This is
called upper chest or shallow breathing. 

(Pause to allow for practice.)

■ Observe how you feel.
■ Now place your hand on your stomach at the level of your

navel. As you inhale, imagine breathing into your hand. You

should experience your stomach pushing forward into your
hand as you breathe in. You may also feel your lower ribs flare
out slightly. As you exhale, your stomach should gently fall.
This is called diaphragmatic or abdominal breathing. 

(Pause to allow for practice.)

■ Observe how you feel.
■ Now allow our breathing to return to whatever feels

comfortable and natural for you. Simply observe your
experience just as it is. 

(Brief pause)

■ Now, slightly round your shoulders and assume a slouched
position. Notice how this affects your breathing. 

(Pause to allow for practice.)

■ Return to sitting upright and draw your shoulders blades back
and down and your chest up slightly. This movement should
be small and gentle. Notice how this movement affects your
breathing. 

(Pause to allow for practice.)

■ Now, return to a comfortable position and breathing pattern
that feels natural for you. Once again, observe your breath in
and your breath out. 

(Pause to allow for practice.)

■ And now, gradually return your awareness to the room and let
your eyes open.

BOX 2.8 Steps to Develop and Implement Prevention, Health, Wellness, and Fitness Programs

Step 1: Identify a Need
■ Identify the intended audience
■ Children
■ Adults
■ Older adults
■ Industry/business
■ School system
■ Community
■ Specific population (e.g., individuals with Parkinson’s disease)

Step 2: Set Goals and Objectives
■ Identify the purpose of the program
■ Identify the goals to be achieved

■ Screening
■ Education
■ Exercise program

■ Identify the objectives of the program

Step 3: Develop the Intervention
■ Screenings: Identify valid and reliable right tools to use for the

screening
■ Education: Develop the program including handouts for

participants
■ Exercise: Develop the plan for each class

■ Logistics
■ Secure a location for the program
■ Consider parking and access to the facility
■ Determine the time and length of the program
■ Determine the number of people who can attend based on

the space
■ Identify who will do the program (self or with assistance)
■ Develop the presentation/program; include handouts for the

participants
■ Develop a budget; determine costs and charge to the

participants

Step 4: Implement the Intervention
■ Recognize that even with the best of plans it is important to

be adaptable and to be prepared for the unexpected

Step 5: Evaluate the Results
■ For an educational session, ask the participants to evaluate

the program; consider an additional follow-up assessment
■ For an exercise class, record baseline data and assess

progress during the program and at the end
■ Ask participants to evaluate the exercise program
■ Ask for feedback on what could be done to improve the

program (e.g., different time, smaller class, longer sessions, etc.)
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Case Example: Exercise 
and Osteoporosis
Step 1: Assessing the Need
■  Gretchen, a physical therapist at ABC Hospital, completed

an educational session for a local osteoporosis support group
on the most recent research related to resistance training and
weight-bearing exercise for increasing bone density.

■  The women contacted Gretchen and asked her to develop
a resistance training exercise class that included free weights
and exercise equipment (as found in a fitness club).

NEED: An exercise class that educates women with osteo-
porosis about the safe way to perform resistance exercise.

Step 2: Set Goals and Objectives

Goal
Develop two education and exercise classes (level 1 and level 2)
for women with osteoporosis that emphasize prevention of
fractures and proper technique for resistance exercise and
weight-bearing activities.

Objectives
1. Educate the participants on the effects of resistance train-

ing and weight-bearing exercise on bone health.
2. Educate the participants on the indications and con-

traindications of certain exercises for individuals with 
osteoporosis.

3. Educate the participants on the correct techniques for 
resistance exercise including free weights, resistance band
and tubing, and exercise machines.

4. Have participants demonstrate the correct technique when
performing resistance exercise.

5. Review implications related to posture and body mechanics
during daily activities and during exercise.

Step 3: Develop the Intervention
Gretchen decided to develop two exercise classes: level 1 and
level 2. To attend level 2 classes, participants had to complete
the level 1 class. The level 1 exercise and education class con-
sisted of four sessions as outlined in Table 2.4.

Gretchen decided to work collaboratively with the Occu-
pational Therapy Department and together they conducted
the final class, which emphasized the correct techniques for
posture and body mechanics during daily activities. Once the
number of classes and general content was decided, Gretchen
started planning and developing the program.

■  She reserved a medium-sized, open room in ABC hospital
for 4 weeks and scheduled the class for Tuesday evenings
from 6:00 p.m. to 8:30 p.m.

■  She determined that the room be set up with tables and
chairs in the front for lecture and discussion and with open
space in the back for exercising. Classes would be limited
to 20 people.

■  She developed the content and objectives for each exercise/
education session including handouts for participants. She

put all developed material in a binder by week, including a
presenter’s checklist of what had to be brought to each class.

■  She developed a brochure with times and location of the
class and sent it to the osteoporosis support group. The cost
of the level 1 exercise and education program was $25. 
Interested participants were to call and reserve a spot in 
the class.
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TABLE 2.4 Sample: Level 1 Exercise and
Educational Class Content for
Osteoporosis

Session Content/Plan

1

2

3

4

■ Introduction
■ Discussion about yearly height measurement
■ Assessment of balance and flexibility of

ankles, falls risk assessment
■ Review and discussion of good posture
■ Discussion on benefits of resistance training
■ Perform exercises—shoulder blade

retraction, chin tucks, sit to stand from a
chair, pelvic tilt, heel/toe raises

■ Brief review and questions related to
material from first class

■ Discussion on prevention of falls
■ Discussion and demonstration of correct

technique for performing strengthening
exercises

■ Perform exercises with resistance band:
arms—bilateral horizontal abduction,
rhomboids (band in doorway), leg press

■ Perform exercises without band—standing
hip abduction and step-ups

■ Brief review and questions related to
previous material

■ Discussion of types of exercise to avoid
(increase stress on vertebral bodies)

■ Discussion and demonstration on how to lift
weights correctly and how to determine
starting weight

■ Discussion on how to increase repetitions
and weight during exercise

■ Perform exercises with and without free
weights—overhead press, seated fly,
standing hip extension, prone bilateral
scapular retraction, prone opposite arm 
and leg lift, lunges

■ Review and questions over previous material
■ Occupational therapy reviewed various

adaptive equipment
■ Demonstrated correct posture and body

mechanics for brushing teeth, making bed,
vacuuming

■ Final questions
■ Evaluation of program
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Step 4: Implement the Program
The program had 10 participants and took place as scheduled
for 4 weeks.

Step 5: Evaluate the Program
Participants were given a course evaluation sheet to complete
regarding the location, time, content, and overall satisfaction
with the program. In addition, Gretchen evaluated the par-
ticipants’ interest in the proposed level 2 class that would take
place in a fitness center with equipment and consist of three
sessions.

The overall evaluation of the program was positive, with a
few individuals preferring a different day of the week or time
of day for attendance. Altogether, 8 of the 10 participants were
interested in participating in the level 2 class.

Additional Considerations for
Developing Prevention, Health, 
and Wellness Programs
The following are additional points to consider:43

■  The exercise or activity has to be specific to the goals of the
individual. An individual training to run a marathon needs
to run, not ride a bike. Specific principles and procedures
for resistance training and aerobic exercise training can be
found in Chapters 6 and 7, respectively.

■  Consider asking the participants during the “assessing
the need” component about what would motivate indi-
viduals to participate and then incorporate some of their
suggestions.

■  For children, the program should be fun and less structured
but should take place for a specified period of time. The
recommended amount of physical activity for children is
60 minutes (moderate and vigorous) every day.76

■  For older adults, the program should start slowly to allow
the participants to experience success. Consideration
should be given to how the individuals can incorporate the
various exercises or activities into their daily routines. The
facility where the program is conducted should be well lit
and easily accessible. The physical activity guidelines are

the same for adults and older adults, 30 minutes a day of
moderate intensity aerobic activity at least 5 days per week
for a minimum of 10-minute bouts, unless they are unable
because of chronic conditions. Older adults should also do
exercises to maintain or improve balance to reduce fall
risk.77 Additional information on exercises in the older
population in Chapter 24.

■  If screenings are conducted, take-home materials with the
results and with follow-up recommendations should be
given to the participants.

■  When making handouts for participants, keep in mind the
audience. For children, make them colorful and fun. For
older adults, make the print larger. Keep the language sim-
ple. Limit the amount of medical terminology used. Write
information as clearly as possible.

■  Include pictures of exercises whenever possible.
■  Consider the time commitment for you and the partici-

pants and the cost involved.

Table 2.5 lists issues related to exercise adherence.
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TABLE 2.5 Issues Affecting Exercise Adherence

Poor Good

Poor or limited Effective leadership
leadership

Inconvenient class Part of regular routine or 
time or location program

Injury No injury

Boredom with Enjoyment—fun—variety
exercise

Poor individual Social support from group
commitment

Unaware of any Regular updates on progress
progress being made

Poor family support— Family approval; positive 
disapproval reinforcement

Independent Learning Activities

Critical Thinking and Discussion
1. In the case example for developing an exercise program for

women with osteoporosis, a second class (level 2) was pro-
posed. Develop the level 2 class. Follow the steps outlined
for developing and implementing this program including
the content of each exercise session, use of fitness equip-
ment for individuals with osteoporosis, and any handouts
needed.

2. In this chapter, the differences in primary, secondary, and
tertiary prevention were reviewed. For each of these cate-
gories, describe one screening program and one wellness
program (exercise or education) that a physical therapist
could provide.

3. One of the Healthy People 2020 goals is to reduce the 
activity limitations (functional limitations) of individuals
with chronic low back pain. Describe the limitations to
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achieving this goal using one of the behavioral change the-
ories. Identify strategies for obtaining this goal.

4. Using the five steps identified in this chapter, develop a pre-
vention and wellness program for a group of fifth and sixth

grade boys and girls (10 to 12 years of age) who have been
identified as being at risk for type 2 diabetes because of obe-
sity and sedentary lifestyle. Refer to Chapter 6 for special con-
siderations when developing exercise programs for children.
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Range of motion is a basic technique used for the examina-
tion of movement and for initiating movement into a program
of therapeutic intervention. Movement that is necessary to ac-
complish functional activities can be viewed, in its simplest
form, as muscles or external forces moving bones in various
patterns or ranges of motions. When a person moves, the in-
tricate control of the muscle activity that causes or controls
the motion comes from the central nervous system. Bones
move with respect to each other at the connecting joints. The
structure of the joints, as well as the integrity and flexibility
of the soft tissues that pass over the joints, affects the amount
of motion that can occur between any two bones. The full
motion possible is called the range of motion (ROM). When
moving a segment through its ROM, all structures in the re-
gion are affected: muscles, joint surfaces, synovial fluid, joint
capsules, ligaments, fasciae, vessels, and nerves. ROM activities
are most easily described in terms of joint range and muscle
range. To describe joint range, terms such as flexion, extension,
abduction, adduction, and rotation are used. Ranges of avail-
able joint motion are usually measured with a goniometer 
and recorded in degrees.21 Muscle range is related to the 
functional excursion of muscles.

Functional excursion is the distance that a muscle is 
capable of shortening after it has been elongated to its maxi-
mum.13 In some cases the functional excursion, or range of a
muscle, is directly influenced by the joint it crosses. For 
example, the range for the brachialis muscle is limited by the
range available at the elbow joint. This is true of one-joint
muscles (muscles with their proximal and distal attachments

on the bones on either side of one joint). For two-joint or
multijoint muscles (those muscles that cross over two or
more joints), their range goes beyond the limits of any one
joint they cross. An example of a two-joint muscle func-
tioning at the hip and knee is the hamstring muscle group.
If it contracts and moves the knee into flexion while simul-
taneously moving the hip into extension, it shortens to a
point known as active insufficiency, where it is too short to
produce much tension. This is one end of its range. When
it is fully lengthened and limits motion at one of the joints
it crosses, it is known as passive insufficiency. This occurs in
the hamstring muscle when the knee is extended and full
range of hip flexion is limited (or conversely, when the hip
is flexed full range and knee extension is limited). Two-joint
or multijoint muscles normally function in the midportion
of their functional excursion where ideal length-tension 
relations exist.13

To maintain normal ROM, the segments must be moved
through their available ranges periodically, whether it is the
available joint range or muscle range. It is recognized that many
factors, such as systemic, joint, neurological, or muscular 
diseases; surgical or traumatic insults; or simply inactivity or
immobilization for any reason, can lead to decreased ROM.
Therapeutically, ROM activities are administered to maintain
joint and soft tissue mobility to minimize loss of tissue flexi-
bility and contracture formation.7 Extensive research by Robert
Salter has provided evidence of the benefits of movement on
the healing of tissues in various pathological conditions in both
the laboratory and clinical settings.28-34

II
A

p
p

lied
 S

cien
ce o

f E
xercise an

d
 T

ech
n

iq
u

es

5850_Ch03_061-081  17/08/17  5:57 PM  Page 61



The principles of ROM described in this chapter do not
encompass stretching to increase range. Principles and tech-
niques of stretching and joint manipulation for treating 
impaired mobility are described in Chapters 4 and 5.

Types of ROM Exercises

Passive ROM. Passive ROM (PROM) is movement of a seg-
ment within the unrestricted ROM that is produced entirely by
an external force; there is little to no voluntary muscle contrac-
tion. The external force may be from gravity, a machine, another
individual, or another part of the individual’s own body.9 PROM
and passive stretching are not synonymous. (See Chapter 4 for
definitions and descriptions of passive stretching.)

Active ROM. Active ROM (AROM) is movement of a seg-
ment within the unrestricted ROM that is produced by active
contraction of the muscles crossing that joint.

Active-assistive ROM. Active-assistive ROM (A-AROM) is
a type of AROM in which assistance is provided manually or
mechanically by an outside force because the prime mover
muscles need assistance to complete the motion.

Indications, Goals, and
Limitations of ROM

Passive ROM
Indications for PROM
■  In the region where there is acute, inflamed tissue, passive

motion is beneficial; active motion would be detrimental
to the healing process. Inflammation after injury or surgery
usually lasts 2 to 6 days.

■  When a patient is not able to or not supposed to actively
move a segment(s) of the body, as when comatose, para-
lyzed, or on complete bed rest, movement is provided by
an external source.

■  PROM is indicated after surgical repair of contractile tis-
sue when active motion would compromise the repaired
muscle.

Goals for PROM
The primary goal for PROM is to decrease the complications
that would occur with immobilization, such as cartilage de-
generation, adhesion and contracture formation, and sluggish
circulation.9,27,33 Specifically, the goals are to:

■  Maintain joint and connective tissue mobility.
■  Minimize the effects of the formation of contractures.
■  Maintain mechanical elasticity of muscle.
■  Assist circulation and vascular dynamics.
■  Enhance synovial movement for cartilage nutrition and

diffusion of materials in the joint.
■  Decrease or inhibit pain.

■  Assist with the healing process after injury or surgery.
■  Help maintain the patient’s awareness of movement.

Other Uses for PROM
■  When a therapist is examining inert structures, PROM is

used to determine limitations of motion, joint stability,
muscle flexibility, and other soft tissue elasticity.

■  When a therapist is teaching an active exercise program,
PROM is used to demonstrate the desired motion.

■  When a therapist is preparing a patient for stretching, PROM
is often used preceding the passive stretching techniques.

Limitations of Passive Motion
True passive, relaxed ROM may be difficult to obtain when
muscle is innervated and the patient is conscious. Passive 
motion does not:
■  Prevent muscle atrophy
■  Increase strength or endurance
■  Assist circulation to the extent that active, voluntary muscle

contraction does

Active and Active-Assistive ROM
Indications for AROM
■  When a patient is able to contract the muscles actively and

move a segment with or without assistance, AROM is used.
■  When a patient has weak musculature and is unable to

move a joint through the desired range (usually against
gravity), A-AROM is used to provide enough assistance to
the muscles in a carefully controlled manner so the muscle
can function at its maximum level and be progressively
strengthened. Once patients gain control of their ROM,
they are progressed to manual or mechanical resistance 
exercises to improve muscle performance for a return to
functional activities (see Chapter 6).

■  When a segment of the body is immobilized for a period
of time, AROM is used on the regions above and below the
immobilized segment to maintain the areas in as normal a
condition as possible and to prepare for new activities such
as walking with crutches.

■  AROM can be used for aerobic conditioning programs (see
Chapter 7) and is used to relieve stress from sustained pos-
tures (see Chapter 14).

Goals for AROM
If there is no inflammation or contraindication to active mo-
tion, the same goals of PROM can be met with AROM. In ad-
dition, there are physiological benefits that result from active
muscle contraction and motor learning from voluntary mus-
cle control. Specific goals are to:

■  Maintain physiological elasticity and contractility of the
participating muscles.

■  Provide sensory feedback from the contracting muscles.
■  Provide a stimulus for bone and joint tissue integrity.
■  Increase circulation and prevent thrombus formation.
■  Develop coordination and motor skills for functional 

activities.

62 Indications, Goals, and Limitations of ROM

5850_Ch03_061-081  17/08/17  5:57 PM  Page 62



Limitations of Active ROM
For strong muscles, AROM does not maintain or increase
strength. It also does not develop skill or coordination except
in the movement patterns used.

Precautions and
Contraindications 
to ROM Exercises

Although both PROM and AROM are contraindicated under
any circumstance when motion to a part is disruptive to the
healing process (Box 3.1), complete immobility leads to ad-
hesion and contracture formation, sluggish circulation, and
a prolonged recovery time. In light of research by Salter30 and
others,18 early, continuous PROM within a pain-free range
has been shown to be beneficial to the healing and early re-
covery of many soft tissue and joint lesions (discussed later
in the chapter). Historically, ROM has been contraindicated
immediately after acute tears, fractures, and surgery, but be-
cause the benefits of controlled motion have demonstrated
decreased pain and an increased rate of recovery, early con-
trolled motion is used as long as the patient’s tolerance is
monitored.

It is imperative that the therapist recognizes the value as
well as potential abuse of motion and stays within the range,
speed, and tolerance of the patient during the acute recovery

stage.9 Additional trauma to the part is contraindicated. Signs
of too much or the wrong motion include increased pain and
increased inflammation (greater swelling, heat, and redness).
See Chapter 10 for principles of when to use the various types
of passive and active motion therapeutically.

Usually, AROM of the upper extremities and limited
walking near the bed are tolerated as early exercises after 
myocardial infarction, coronary artery bypass surgery, and
percutaneous transluminal coronary angioplasty. Careful
monitoring of symptoms, perceived exertion, and blood
pressure is necessary.8,24 If the patient’s response or the con-
dition is life-threatening, PROM may be carefully initiated
to the major joints along with some AROM to the ankles and
feet to avoid venous stasis and thrombus formation. Individ-
ualized activities are initiated and progress gradually based
on the patient’s tolerance.8,24

Early mobility for patients on mechanical ventilation (ini-
tiated 1 to 2 days after intubation in one study25 or less than
3 days in another study35) that includes sedative interruption
followed by AROM, with progression to the activities of daily
living (ADLs) of sitting, standing, and walking has been
shown to improve patient status when compared with stan-
dard care as measured by duration of delirium, ventilator-free
days, and functional outcome at hospital discharge. 

Principles and Procedures 
for Applying ROM Techniques

Examination, Evaluation, 
and Treatment Planning
1. Examine and evaluate the patient’s impairments and level

of function, determine any precautions and their progno-
sis, and plan the intervention.

2. Determine the ability of the patient to participate in the
ROM activity and whether PROM, A-AROM, or AROM
can meet the immediate goals.

3. Determine the amount of motion that can be applied
safely for the condition of the tissues and health of the 
individual.

4. Decide what patterns can best meet the goals. ROM 
techniques may be performed in the:
a. Anatomic planes of motion: frontal, sagittal, and transverse
b. Muscle range of elongation: antagonistic to the line of

pull of the muscle
c. Combined patterns: diagonal motions or movements

that incorporate several planes of motion
d. Functional patterns: motions used in ADLs

5. Monitor the patient’s general condition and responses dur-
ing and after the examination and intervention; note any
change in vital signs; in the warmth and color of the seg-
ment; and in the ROM, pain, or quality of movement.

6. Document and communicate findings and intervention.
7. Re-evaluate and modify the intervention as necessary.
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BOX 3.1 Summary of Precautions and
Contraindications to ROM Exercises

ROM should not be done when motion is disruptive to the
healing process.

■ Carefully controlled motion within the limits of pain-free
motion during early phases of healing has been shown to
benefit healing and early recovery.

■ Signs of too much or the wrong motion include increased
pain and inflammation.

■ ROM should not be done when patient response or the
condition is life-threatening.

■ PROM may be carefully initiated to major joints and AROM
to ankles and feet to minimize venous stasis and thrombus
formation.

■ After myocardial infarction, coronary artery bypass surgery,
or percutaneous transluminal coronary angioplasty, AROM
of upper extremities and limited walking are usually
tolerated under careful monitoring of symptoms.

■ Sedative interruption followed by AROM with progression
to sitting, standing, and walking may be initiated early on
mechanically ventilated patients 

Note: ROM is not synonymous with stretching. For precautions
and contraindications to passive and active stretching techniques,
see Chapters 4 and 5.
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Patient Preparation
1. Communicate with the patient. Describe the plan and

method of intervention to meet the goals.
2. Free the region from restrictive clothing, linen, splints, and

dressings. Drape the patient as necessary.
3. Position the patient in a comfortable position with proper

body alignment and stabilization but that also allows you
to move the segment through the available ROM.

4. Position yourself so proper body mechanics can be used.

Application of Techniques
1. To control movement, grasp the extremity around the

joints. If the joints are painful, modify the grip, still pro-
viding support necessary for control.

2. Support areas of poor structural integrity, such as a hyper-
mobile joint, recent fracture site, or paralyzed limb segment.

3. Move the segment through its complete pain-free range to
the point of tissue resistance. Do not force beyond the
available range. If you force motion, it becomes a stretch-
ing technique.

4. Perform the motions smoothly and rhythmically, with 5 to
10 repetitions. The number of repetitions depends on the
objectives of the program and the patient’s condition and
response to the treatment.

Application of PROM
1. During PROM, the force for movement is external; it is

provided by a therapist or mechanical device. When ap-
propriate, a patient may provide the force and be taught
to move the part with a normal extremity.

2. No active resistance or assistance is given by the patient’s
muscles that cross the joint. If the muscles contract, it 
becomes an active exercise.

3. The motion is carried out within the free ROM—that is,
the range that is available without forced motion or pain.

Application of AROM
1. Demonstrate the motion desired using PROM; then ask

the patient to perform the motion. Have your hands in 
position to assist or guide the patient if needed.

2. Provide assistance only as needed for smooth motion.
When there is weakness, assistance may be required only
at the beginning or the end of the ROM or when the effect
of gravity has the greatest moment arm (torque).

3. The motion is performed within the available ROM.

ROM Techniques VIDEO 3.1

The descriptions of positions and ROM techniques in this sec-
tion may be used for PROM as well as A-AROM and AROM.
When making the transition from PROM to AROM, gravity has

a significant impact, especially in individuals with weak mus-
culature. When the segment moves up against gravity, it may
be necessary to provide assistance to the patient. However,
when moving parallel to the ground (gravity eliminated or
gravity neutral), the part may need only to be supported while
the muscles take the part through the range. When the part
moves downward, with gravity causing the motion, muscles
antagonist to the motion become active and may need assis-
tance in controlling the descent of the part. The therapist
must be aware of these effects and modify the patient’s posi-
tion if needed to meet desired goals for A-AROM and AROM.
Principles and techniques for progression to manual and me-
chanical resistance ROM to develop strength are described in
Chapter 6.

CLINICAL TIP
■  When transitioning from PROM to AROM, vary patient

position to use gravity to either assist or resist the motion.
■  Functional activities that are antigravity will require assis-

tance when the muscle test grades are less than 3/5. 

The following descriptions are, for the most part, with the
patient in the supine position. Alternate positions for many
motions are possible and, for some motions, necessary. For
efficiency, perform all motions possible in one position; then
change the patient’s position and perform all appropriate mo-
tions in that position, progressing the treatment with minimal
turning of the patient. Individual body types or environmen-
tal limitations might necessitate variations of the suggested
hand placements. Use of good body mechanics by the thera-
pist while applying proper stabilization and motion to the pa-
tient to accomplish the goals and avoid injury to weakened
structures is the primary consideration.

NOTE: The term upper hand, or top hand, means the hand of the
therapist that is toward the patient’s head; the bottom hand, or
lower hand, refers to the hand toward the patient’s foot. Antago-
nistic ROMs are grouped together for ease of application.

Upper Extremity
Shoulder: Flexion and Extension (Fig. 3.1)
VIDEO 3.2

Hand Placement and Procedure
■  Grasp the patient’s arm under the elbow with your lower

hand.
■  With the top hand, cross over and grasp the wrist and palm

of the patient’s hand.
■  Lift the arm through the available range and return.

NOTE: For normal motion, the scapula should be free to rotate
upward as the shoulder flexes. If motion of only the gleno-
humeral joint is desired, the scapula is stabilized as described
in the chapter on stretching (see Chapter 4).

64 ROM Techniques
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Shoulder: Extension (Hyperextension) (Fig. 3.2)
To obtain extension past zero, position the patient’s shoulder
at the edge of the bed when supine or position the patient
side-lying, prone, or sitting.

Shoulder: Abduction and Adduction (Fig. 3.3)

Hand Placement and Procedure
Use the same hand placement as with flexion, but move the
arm out to the side. The elbow may be flexed for ease in com-
pleting the arc of motion.

NOTE: To reach full range of abduction, there must be external
rotation of the humerus and upward rotation of the scapula.

Shoulder: Internal (Medial) and External
(Lateral) Rotation (Fig. 3.4)
If possible, the arm is abducted to 90°, the elbow is flexed to 90°,
and the forearm is held in neutral position. Rotation may also
be performed with the patient’s arm at the side of the thorax,
but full internal rotation is not possible in this position.

Hand Placement and Procedure
■  Grasp the hand and the wrist with your index finger 

between the patient’s thumb and index finger.
■  Place your thumb and the rest of your fingers on either side

of the patient’s wrist, thereby stabilizing the wrist.
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FIGURE 3.1 Hand placement and positions for (A) initiating and (B) completing shoulder flexion.

A B

FIGURE 3.2 Hyperextension of the shoulder (A) with the patient at
the edge of the bed and (B) with the patient side-lying.

A

B

FIGURE 3.3 Abduction of the shoulder with the elbow flexed.
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■  With the other hand, stabilize the elbow.
■  Rotate the humerus by moving the forearm like a spoke on

a wheel.

Shoulder: Horizontal Abduction (Extension)
and Adduction (Flexion) (Fig. 3.5)
To reach full horizontal abduction, position the patient’s
shoulder at the edge of the table. Begin with the arm either
adducted or abducted 90°.

Hand Placement and Procedure
Hand placement is the same as with flexion, but turn your
body and face the patient’s head as you move the patient’s arm
out to the side and then across the body.

Scapula: Elevation/Depression, Protraction/
Retraction, and Upward/Downward Rotation
(Fig. 3.6)
Position the patient prone with his or her arm at the side 
(Fig. 3.6A) or side-lying facing toward you with the patient’s
arm draped over your bottom arm (Fig. 3.6B).

Hand Placement and Procedure
■  Cup the top hand over the acromion process and place the

other hand around the inferior angle of the scapula.
■  For elevation, depression, protraction, and retraction, the

clavicle also moves as the scapular motions are directed at
the acromion process.

■  For rotation, direct the scapular motions at the inferior
angle of the scapula while simultaneously pushing the
acromion in the opposite direction to create a force couple
turning effect.
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A

B

FIGURE 3.4 The 90/90 position for initiating (A) internal and 
(B) external rotation of the shoulder.

FIGURE 3.5 Horizontal (A) abduction and (B) adduction of the
shoulder.

FIGURE 3.6 ROM of the scapula with the patient (A) prone and
with the patient (B) side-lying.

A

B

A

B
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Elbow: Flexion and Extension (Fig. 3.7)  
VIDEO 3.3

Hand Placement and Procedure
■  Grasp the distal forearm and support the wrist with one

hand. This hand also controls forearm supination and
pronation.

■  With the other hand, support the elbow.
■  Flex and extend the elbow with the forearm supinated and

also with the forearm pronated.

NOTE: The scapula should not tip forward when the elbow ex-
tends, as it disguises the true range.

Elongation of Two-Joint Biceps Brachii Muscle
To extend the shoulder beyond zero, position the patient’s
shoulder at the edge of the table when supine or position the
patient prone lying, sitting, or standing.

Hand Placement and Procedure
■  First, pronate the patient’s forearm by grasping the wrist

and extend the elbow while supporting it.
■  Then, extend (hyperextend) the shoulder to the point of

tissue resistance in the anterior arm region. At this point,
full available lengthening of the two-joint muscle is
reached.

Elongation of Two-Joint Long Head of the
Triceps Brachii Muscle (Fig. 3.8)
When the near-normal range of the triceps brachii muscle is
available, the patient must be sitting or standing to reach the
full ROM. With marked limitation in muscle range, ROM can
be performed in the supine position.

Hand Placement and Procedure
■  First, fully flex the patient’s elbow with one hand on the

distal forearm.
■  Then, flex the shoulder by lifting up on the humerus with

the other hand under the elbow.
■  Full available range is reached when discomfort is experi-

enced in the posterior arm region.

Forearm: Pronation and Supination (Fig. 3.9)

Hand Placement and Procedure
Perform pronation and supination with the elbow flexed as
well as extended. When the elbow is extended, prevent the
shoulder from rotating by stabilizing the elbow.

■  Grasp the patient’s wrist, supporting the hand with the
index finger and placing the thumb and the rest of the 
fingers on either side of the distal forearm.

■  Stabilize the elbow with the other hand.
■  The motion is a rolling of the radius around the ulna at the

distal radius.

Alternate Hand Placement
Sandwich the patient’s distal forearm between the palms of
both hands.
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A

B

FIGURE 3.7 Elbow (A) flexion and (B) extension with the forearm
supinated.

FIGURE 3.8 End ROM for the long head of the triceps brachii muscle.

FIGURE 3.9 Pronation of the forearm.
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PRECAUTION: Do not stress the wrist by twisting the hand;
control the pronation and supination motion by moving the 
radius around the ulna.

Wrist: Flexion (Palmar Flexion) and Extension
(Dorsiflexion); Radial (Abduction) and Ulnar
(Adduction) Deviation (Fig. 3.10)  VIDEO 3.4

Hand Placement and Procedure
For all wrist motions, grasp the patient’s hand just distal to
the joint with one hand and stabilize the forearm with your
other hand.

NOTE: The range of the extrinsic muscles to the fingers affects
the range at the wrist if tension is placed on the tendons as they
cross into the fingers. To obtain full range of the wrist joint, allow
the fingers to move freely as you move the wrist.

Hand: Cupping and Flattening the Arch 
of the Hand at the Carpometacarpal and
Intermetacarpal Joints (Fig. 3.11)

Hand Placement and Procedure
■  Face the patient’s hand; place the fingers of both of your

hands in the palms of the patient’s hand and your thenar
eminences on the posterior aspect.

■  Roll the metacarpals palmarward to increase the arch and
dorsalward to flatten it.

Alternate Hand Placement
One hand is placed on the posterior aspect of the patient’s
hand with the fingers and thumb cupping the metacarpals.

NOTE: Extension and abduction of the thumb at the car-
pometacarpal joint are important for maintaining the web
space for functional movement of the hand. Isolated flexion-
extension and abduction-adduction ROM of this joint should
be performed by moving the first metacarpal while stabilizing
the trapezium.

Joints of the Thumb and Fingers: Flexion 
and Extension and Abduction and Adduction
(Fig. 3.12)  VIDEO 3.5
The joints of the thumbs and fingers include the metacar-
pophalangeal and interphalangeal joints.

Hand Placement and Procedure
■  Depending on the position of the patient, stabilize 

the forearm and hand on the bed or table or against 
your body.
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FIGURE 3.10 ROM at the wrist. Shown is wrist flexion; note that 
the fingers are free to move in response to passive tension in the 
extrinsic tendons.

FIGURE 3.11 ROM to the arch of the hand.

FIGURE 3.12 ROM to the metacarpophalangeal joint of the thumb.
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■  Move each joint of the patient’s hand individually by sta-
bilizing the proximal bone with the index finger and thumb
of one hand and moving the distal bone with the index 
finger and thumb of the other hand.

Alternate Procedure
Several joints can be moved simultaneously if proper stabi-
lization is provided. Example: To move all the metacarpopha-
langeal joints of digits 2 through 5, stabilize the metacarpals
with one hand and move all the proximal phalanges with the
other hand.

NOTE: To accomplish full joint ROM, do not place tension on
the extrinsic muscles going to the fingers. Tension on the mus-
cles can be relieved by altering the wrist position as the fingers
are moved.

Elongation of Extrinsic Muscles of the Wrist
and Hand: Flexor and Extensor Digitorum
Muscles (Fig. 3.13)

General Technique
Hand Placement and Procedure
■  First, move the distal interphalangeal joint and stabilize it;

then move the proximal interphalangeal joint.
■  Hold both these joints at the end of their range; then move

the metacarpophalangeal joint to the end of the available
range.

■  Stabilize all the finger joints and begin to extend the wrist.
When the patient feels discomfort in the forearm, the mus-
cles are fully elongated.

NOTE: Motion is initiated in the distal-most joint of each digit
to minimize compression of the small joints. Full joint ROM will
not be possible when the extrinsic muscles are elongated.

Lower Extremity
Combined Hip and Knee: Flexion 
and Extension (Fig. 3.14)  VIDEO 3.6
To reach full range of hip flexion, the knee must also be flexed
to release tension on the hamstring muscle group. To reach
full range of knee flexion, the hip must be flexed to release
tension on the rectus femoris muscle.

Hand Placement and Procedure
■  Support and lift the patient’s leg with the palm and fingers

of the top hand under the patient’s knee and the lower
hand under the heel.

■  As the knee flexes full range, swing the fingers to the side
of the thigh.
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FIGURE 3.13 End of range for the extrinsic finger (A) flexors and 

FIGURE 3.13 (B) extensors.

A

B

FIGURE 3.14 (A) Initiating and

A
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Hip: Extension (Hyperextension) (Fig. 3.15)
Prone or side-lying must be used if the patient has near-normal
or normal motion.

Hand Placement and Procedure
■  If the patient is prone, lift the thigh with the bottom hand

under the patient’s knee; stabilize the pelvis with the top
hand or arm.

■  If the patient is side-lying, bring the bottom hand under
the thigh and place the hand on the anterior surface; 
stabilize the pelvis with the top hand. For full range of hip
extension, do not flex the knee full range, as the two-joint
rectus femoris would then restrict the range.

Elongation of the Two-Joint Hamstring Muscle
Group (Fig. 3.16)

Hand Placement and Procedure
■  Place the lower hand under the patient’s heel and the upper

hand across the anterior aspect of the patient’s knee.

■  Keep the knee in extension as the hip is flexed.
■  If the knee requires support, cradle the patient’s leg in

your lower arm with your elbow flexed under the calf and
your hand across the anterior aspect of the patient’s knee.
The other hand provides support or stabilization where
needed.

NOTE: If the hamstrings are so tight as to limit the knee from
going into extension, the available range of the muscle is
reached simply by extending the knee as far as the muscle 
allows and not moving the hip.

Elongation of the Two-Joint Rectus Femoris
Muscle
Position the patient supine with knee flexed over the edge of
the treatment table or position prone.

Hand Placement and Procedure
■  When supine, stabilize the lumbar spine by flexing the hip

and knee of the opposite lower extremity and placing the
foot on the treatment table (hook-lying).

■  When prone, stabilize the pelvis with the top hand (see 
Fig. 4.31). 

■  Flex the patient’s knee until tissue resistance is felt in the
anterior thigh, which means the full available range is
reached.

Hip: Abduction and Adduction (Fig. 3.17)

Hand Placement and Procedure
■  Support the patient’s leg with the upper hand under the

knee and the lower hand under the ankle.
■  For full range of adduction, the opposite leg needs to be in

a partially abducted position.
■  Keep the patient’s hip and knee in extension and neutral to

rotation as abduction and adduction are performed.
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FIGURE 3.14—cont’d (B) completing combined hip and knee 
flexion.

B

FIGURE 3.15 Hip extension with the patient side-lying.

FIGURE 3.16 ROM to the hamstring muscle group.
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Hip: Internal (Medial) and External (Lateral)
Rotation 

Hand Placement and Procedure With the Hip 
and Knee Extended
■  Grasp just proximal to the patient’s knee with the top hand

and just proximal to the ankle with the bottom hand.
■  Roll the thigh inward and outward.

Hand Placement and Procedure for Rotation 
With the Hip and Knee Flexed (Fig. 3.18)
■  Flex the patient’s hip and knee to 90°; support the knee

with the top hand.
■  If the knee is unstable, cradle the thigh and support the

proximal calf and knee with the bottom hand.
■  Rotate the femur by moving the leg like a pendulum.
■  This hand placement provides some support to the knee

but should be used with caution if there is knee instability.

Ankle: Dorsiflexion (Fig. 3.19)  VIDEO 3.7

Hand Placement and Procedure
■  Stabilize around the malleoli with the top hand.
■  Cup the patient’s heel with the bottom hand and place the

forearm along the bottom of the foot.
■  Pull the calcaneus distalward with the thumb and fingers

while pushing upward with the forearm.

NOTE: If the knee is flexed, full range of the ankle joint can be
obtained. If the knee is extended, the lengthened range of the
two-joint gastrocnemius muscle can be obtained, but the gas-
trocnemius limits full range of dorsiflexion. Apply dorsiflexion
in both positions of the knee to provide range to both the joint
and the muscle.

Ankle: Plantarflexion

Hand Placement and Procedure
■  Support the heel with the bottom hand.
■  Place the top hand on the dorsum of the foot and push it

into plantarflexion.

NOTE: In bed-bound patients, the ankle tends to assume 
a plantarflexed position from the weight of the blankets and
the pull of gravity, so this motion may not need to be 
performed.

Subtalar (Lower Ankle) Joint: Inversion 
and Eversion (Fig. 3.20)

Hand Placement and Procedure
■  Using the bottom hand, place the thumb medial and the

fingers lateral to the joint on either side of the heel.
■  Turn the heel inward and outward.

NOTE: Supination of the foot may be combined with inversion,
and pronation may be combined with eversion.
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FIGURE 3.17 Abduction of the hip, maintaining the hip in extension
and neutral to rotation.

FIGURE 3.18 Rotation of the hip with the hip positioned in 90° of
flexion.

FIGURE 3.19 Dorsiflexion of the ankle.
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Transverse Tarsal Joint

Hand Placement and Procedure
■  Stabilize the patient’s talus and calcaneus with one hand.
■  With the other hand, grasp around the navicular and cuboid.
■  Gently rotate the midfoot by lifting and lowering the arch.

Joints of the Toes: Flexion and Extension and
Abduction and Adduction (Metatarsophalangeal
and Interphalangeal Joints) (Fig. 3.21)

Hand Placement and Procedure
■  Stabilize the bone proximal to the joint that is to be moved

with one hand, and move the distal bone with the other hand.
■  The technique is the same as for ROM of the fingers.
■  Several joints of the toes can be moved simultaneously if

care is taken not to stress any structure.

Cervical Spine  VIDEO 3.8

Stand at the end of the treatment table; securely grasp the pa-
tient’s head by placing both hands under the occipital region.

Flexion (Forward Bending) (Fig. 3.22A)

Procedure
■  Lift the head as though it were nodding (chin toward larynx)

to flex the head on the neck.
■  Once full nodding is complete, continue to flex the cervical

spine and lift the head toward the sternum.

Extension (Backward Bending 
or Hyperextension)

Procedure
Tip the head backward.

NOTE: If the patient is supine, only the head and upper cervical
spine can be extended; the head must clear the end of the table
to extend the entire cervical spine. The patient may also be
prone or sitting.

Lateral Flexion (Side Bending) and Rotation
(Fig. 3.22B)

Procedure
Maintain the cervical spine neutral to flexion and extension
as you direct the head and neck into side bending (approxi-
mate the ear toward the shoulder) and rotation (rotate from
side to side).

72 ROM Techniques

FIGURE 3.20 Inversion of the subtalar joint.

FIGURE 3.21 Extension of the metatarsophalangeal joint of the
large toe.

FIGURE 3.22 Cervical (A) flexion and

FIGURE 3.22 (B) rotation.
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Lumbar Spine  VIDEO 3.9

Flexion (Fig. 3.23)

Hand Placement and Procedure
■  Bring both of the patient’s knees to the chest by lifting

under the knees (hip and knee flexion).
■  Flexion of the spine occurs as the hips are flexed full range

and the pelvis starts to rotate posteriorly.
■  Greater range of flexion can be obtained by lifting under

the patient’s sacrum with the lower hand.

Extension
Position the patient prone for full extension (hyperextension).

Hand Placement and Procedure
With hands under the thighs, lift the thighs upward until the
pelvis rotates anteriorly and the lumbar spine extends.

Rotation (Fig. 3.24)
Position the patient in the hook-lying position with hips and
knees flexed and feet resting on the table.

Hand Placement and Procedure
■  Push both of the patient’s knees laterally in one direction

until the pelvis on the opposite side comes up off the treat-
ment table.

■  Stabilize the patient’s thorax with the top hand.
■  Repeat in the opposite direction.

CLINICAL TIP
Effective and efficient ROM can be administered by combin-
ing several joint motions that transect several planes resulting
in oblique, functional, or diagonal patterns.

■  For example, wrist flexion may be combined with ulnar de-
viation or shoulder flexion may be combined with abduc-
tion and lateral rotation.

■  Use patterns that mimic functional activities such as mov-
ing hand behind head as in combing hair—add rotation of
the neck. See also Box 3.3 at the end of the chapter.

■  Proprioceptive neuromuscular facilitation (PNF) patterns
of movement may be effectively used for PROM, AROM,
or A-AROM techniques. See Chapter 6 for descriptions of
these patterns.

Self-Assisted ROM

Patient involvement in self-care should begin as soon as the
individual is able to understand and learn what to do. Even
with weakness or paralysis, the patient can learn how to move
the involved part and be instructed in the importance of
movement within safe parameters. After surgery or traumatic
injury, self-assisted ROM (S-AROM) is used to protect the
healing tissues when more intensive muscle contraction is
contraindicated. A variety of devices as well as use of a normal
extremity may be used to meet the goals of PROM or A-
AROM. Incorporation of S-AROM then becomes a part of
the home exercise program (Box 3.2).

Manual Assistance
With cases of unilateral weakness or paralysis or during early
stages of recovery after trauma or surgery, the patient can be
taught to use the uninvolved extremity to move the involved
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FIGURE 3.23 Lumbar flexion is achieved by bringing the patient’s
hips into flexion until the pelvis rotates posteriorly.

FIGURE 3.24 Rotation of the lumbar spine results when the 
thorax is stabilized and the pelvis lifts off the table as far as 
allowed.
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extremity through ranges of motion. These exercises may be
done supine, sitting, or standing. The effects of gravity change
with patient positioning, so when lifting the part against grav-
ity, gravity provides a resistive force against the prime motion
and, therefore, the prime mover requires assistance. When 
the extremity moves downward, gravity causes the motion,
and the antagonists need assistance to control the motion 
eccentrically.

Arm and Forearm
Instruct the patient to reach across the body with the unin-
volved (or assisting) extremity and grasp the involved extrem-
ity around the wrist, supporting the wrist and hand.

■  Shoulder flexion and extension. The patient lifts the in-
volved extremity over the head and returns it to the side
(Fig. 3.25).

■  Shoulder horizontal abduction and adduction. Beginning
with the arm abducted 90°, the patient pulls the extremity
across the chest and returns it to the side.

■  Shoulder rotation. Beginning with the arm at the patient’s
side in slight abduction and with the elbow resting on a small
pillow to elevate it or abducted 90° and elbow flexed 90°, the
patient moves the forearm “like a spoke on a wheel” with
the uninvolved extremity (Fig. 3.26). It is important to 
emphasize rotating the humerus, not merely flexing and
extending the elbow.

■  Elbow flexion and extension. The patient bends the elbow
until the hand is near the shoulder and then moves the
hand down toward the side of the leg.

■  Pronation and supination of the forearm. Beginning with
the forearm resting across the body, the patient rotates the
radius around the ulna. Emphasize to the patient not to
twist the hand at the wrist joint.

Wrist and Hand
The patient moves the uninvolved fingers to the dorsum of
the hand and the thumb into the palm of the hand.

■  Wrist flexion and extension and radial and ulnar devia-
tion. The patient moves the wrist in all directions, applying
no pressure against the fingers (Fig. 3.27).

74 Self-assisted ROM

BOX 3.2 Self-assisted ROM Techniques

Forms of Self-assisted ROM
■ Manual
■ Equipment

■ Wand or T-bar
■ Finger ladder, wall climbing, ball rolling
■ Pulleys
■ Skate board/powder board
■ Reciprocal exercise devices

Guidelines for Teaching Self-assisted ROM
■ Educate the patient on the value of the motion.
■ Teach the patient correct body alignment and stabilization.
■ Observe patient performance and correct any substitute or

unsafe motions.
■ If equipment is used, make sure all hazards are eliminated

so application will be safe.
■ Provide drawings and clear guidelines for number of

repetitions and frequency.

Review the exercises at a follow-up session. Modify or
progress the exercise program based on the patient
response and treatment plan for meeting the outcome
goals.

FIGURE 3.25 Patient giving self-assisted ROM to shoulder flexion
and extension. Horizontal abduction and adduction can be applied
with the same hand placement.

FIGURE 3.26 Arm position of patient for giving self-assisted ROM to
internal and external rotation of shoulder.
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■  Finger flexion and extension. The patient uses the unin-
volved thumb to extend the involved fingers and cups the
normal fingers over the dorsum of the involved fingers to
flex them (Fig. 3.28).

■  Thumb flexion with opposition and extension with
reposition. The patient cups the uninvolved fingers
around the radial border of the thenar eminence of the
involved thumb and places the uninvolved thumb along
the palmar surface of the involved thumb to extend it
(Fig. 3.29). To flex and oppose the thumb, the patient
cups the normal hand around the dorsal surface of the
involved hand and pushes the first metacarpal toward the
little finger.

Hip and Knee
■  Hip and knee flexion. With the patient supine, instruct

the patient to initiate the motion by lifting the involved
knee by slipping his or her normal foot under the knee or
with a strap or belt under the involved knee (Fig. 3.30).
The patient can then grasp the knee with one or both
hands to bring the knee up toward the chest to complete
the range. With the patient sitting, he or she may lift the
thigh with the hands and flex the knee to the end of its
available range.

■  Hip abduction and adduction. It is difficult for the weak
patient to assist the lower extremities into abduction and
adduction when supine owing to the weight of the leg and
the friction of the bed surface. It is necessary, though, for
the individual to move a weak lower extremity from side
to side for bed mobility. To practice this functional activity
as an exercise, instruct the patient to slide the normal foot
from the knee down to the ankle and then move the involved
extremity from side-to-side. S-AROM can be performed 
sitting by using the hands to assist moving the thigh outward
and inward.
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FIGURE 3.27 Patient applying self-assisted wrist flexion and exten-
sion with no pressure against the fingers.

FIGURE 3.28 Patient applying self-assisted finger flexion and 
extension.

FIGURE 3.29 Patient applying self-assisted thumb extension.

FIGURE 3.30 Self-assisted flexion of the hip.
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■  Combined hip abduction with external rotation. The pa-
tient sits on the floor or on a bed with the back supported,
the involved hip and knee flexed, and the foot resting on
the surface. The knee is moved outward (toward the
table/bed) and back inward, with assistance from the upper
extremities (Fig. 3.31).

Ankle and Toes
■  The patient sits with the involved extremity crossed over

the uninvolved one so the distal leg rests on the normal
knee. The uninvolved hand moves the involved ankle into
dorsiflexion, plantarflexion, inversion, and eversion and toe
flexion and extension (Fig. 3.32).

Wand (T-Bar) Exercises
When a patient has voluntary muscle control in an involved
upper extremity but needs guidance or motivation to com-
plete the ROM in the shoulder or elbow, a wand (dowel rod,
cane, wooden stick, T-bar, or similar object) can be used to
provide assistance (Fig. 3.33).

The choice of position is based on the patient’s level of
function. Most of the techniques can be performed supine if
maximum protection is needed. Sitting or standing requires
greater control. Choice of position is also guided by the effects
of gravity on the weak muscles. Initially, guide the patient
through the proper motion for each activity to ensure that he
or she does not use substitute motions. The patient grasps the
wand with both hands, and the normal extremity guides and
controls the motions.

■  Shoulder flexion and return. The wand is grasped with the
hands a shoulder width apart. The wand is lifted forward

and upward through the available range, with the elbows
kept in extension if possible (Fig. 3.33A). Scapulohumeral
motion should be smooth; do not allow substitute motions
such as scapular elevation or trunk movement.

■  Shoulder horizontal abduction and adduction. The wand
is lifted to 90° shoulder flexion. Keeping the elbows extended,
the patient pushes and pulls the wand back and forth across
the chest through the available range (Fig. 3.33B). Do not
allow trunk rotation.

■  Shoulder internal and external rotation. The patient’s
arms are at the sides, and the elbows are flexed 90°. Rota-
tion of the arms is accomplished by moving the wand from
side to side across the trunk while maintaining the elbows
at the side (Fig. 3.33C). The rotation should occur in 
the humerus; do not allow elbow flexion and extension. To
prevent substitute motions as well as provide a slight 
distraction force to the glenohumeral joint, a small towel
roll may be placed in the axilla with instruction to the 
patient to “keep the roll in place.” 

■  Shoulder internal and external rotation—alternate posi-
tion. The patient’s shoulders are abducted 90°, and the 
elbows are flexed 90°. For external rotation, the wand is
moved toward the patient’s head; for internal rotation, the
wand is moved toward the waistline.

■  Elbow flexion and extension. The patient’s forearms may
be pronated or supinated; the hands grasp the wand a
shoulder -width apart. Instruct the patient to flex and extend
the elbows.

■  Shoulder hyperextension. The patient may be standing or
prone. He or she places the wand behind the buttocks,
grasps the wand with hands a shoulder width apart, and
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FIGURE 3.31 Self-assisted hip abduction and external rotation.

FIGURE 3.32 Position of patient and hand placement for self-
assisted ankle and toe motions; shown is inversion and eversion.
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then lifts the wand backward away from the trunk. The 
patient should avoid trunk motion.

■  Variations and combinations of movements. For example,
the patient begins with the wand behind the buttocks and
then moves the wand up the back to achieve scapular wing-
ing, shoulder internal rotation, and elbow flexion.

Wall Climbing
Wall climbing (or use of a device such as a finger ladder) can
provide the patient with objective reinforcement and, therefore,
motivation for performing shoulder ROM. Wall markings may

also be used to provide visual feedback for the height reached.
The arm may be moved into flexion or abduction (Fig. 3.34).
The patient steps closer to the wall as the arm is elevated.

PRECAUTION: The patient must be taught the proper mo-
tions and not allowed to substitute with trunk side bending, toe
raising, or shoulder shrugging.

Overhead Pulleys
If properly taught, pulley systems can be effectively used to
assist an involved extremity in performing ROM. The pulley
has been demonstrated to utilize significantly more muscle
activity than therapist-assisted ROM and continuous passive
motion machines (described later in the chapter), so this
form of assistance should be used only when muscle activity
is desired.6

For home use, a single pulley may be attached to a strap
that is held in place by closing the strap in a door. A pulley
may also be attached to an overhead bar or affixed to the ceil-
ing. The patient should be set up so the pulley is directly over
the joint that is moving or so the line of pull is effectively
moving the extremity and not just compressing the joint sur-
faces together. The patient may be sitting, standing, or supine.

Shoulder ROM (Fig. 3.35)
Instruct the patient to hold one handle in each hand, and with
the normal hand, pull the rope and lift the involved extremity
forward (flexion), out to the side (abduction), or in the plane
of the scapula (scaption is 30° forward of the frontal plane).
The patient should not shrug the shoulder (scapular eleva-
tion) or lean the trunk. Guide and instruct the patient so there
is smooth motion.

CHAPTER 3 Range of Motion 77

FIGURE 3.33 Patient using a wand for self-assisted shoulder 
(A) flexion, (B) horizontal abduction/adduction, and (C) rotation.

A

B

C

FIGURE 3.34 Wall climbing for shoulder elevation.
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PRECAUTION: Assistive pulley activities for the shoulder are
easily misused by the patient, resulting in compression of the
humerus against the acromion process. Continual compression
leads to pain and decreased function. Proper patient selection
and appropriate instruction can avoid this problem. If a patient
cannot learn to use the pulley with proper shoulder mechanics,
these exercises should not be performed. Discontinue this 
activity if there is increased pain or decreased mobility.

Elbow Flexion
With the arm stabilized along the side of the trunk, the patient
lifts the forearm and bends the elbow.

Skate Board/Powder Board
Use of a friction-free surface may encourage movement with-
out the resistance of gravity or friction. If available, a skate
with rollers may be used. Other methods include using pow-
der on the surface or placing a towel under the extremity so
it can slide along the smooth surface of the board. Any motion
can be done, but most common are abduction/adduction of
the hip while supine and horizontal abduction/adduction of
the shoulder while sitting.

Reciprocal Exercise Unit
Several devices, such as a bicycle, upper body or lower body
ergometer, or a reciprocal exercise unit, can be set up to pro-
vide some flexion and extension to an involved extremity
using the strength of the normal extremity. Movable devices
that can be attached to a patient’s bed, wheelchair, or standard
chair are available. The circumference of motion as well as 

excursion of the extremities can be adjusted. A reciprocal 
exercise unit has additional exercise benefits in that it can 
be used for reciprocal patterning, endurance training, and
strengthening by changing the parameters of the exercise 
and monitoring the heart rate and fatigue. See Chapter 6 for
principles of resistance exercise and Chapter 7 for principles
of aerobic exercise.

Continuous Passive Motion

Continuous passive motion (CPM) refers to passive motion
performed by a mechanical device that moves a joint slowly
and continuously through a controlled ROM. The mechanical
devices that exist for nearly every joint in the body (Fig. 3.36)
were developed as a result of research by Robert Salter, who
demonstrated that continual passive motion has beneficial
healing effects on diseased or injured joint structures and soft
tissues in animal and clinical studies.28-34 Since the develop-
ment of CPM, many studies have been done to determine the

78 Continuous Passive Motion

FIGURE 3.35 Use of overhead pulleys to assist shoulder elevation.

FIGURE 3.36 Continuous motion devices for (A) the shoulder and
(B) the knee.

A

B
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parameters of application, but because the devices are used
for many conditions and studies have used various protocols
with varying research designs, no definitive delineation has
been established.4,16,22

Benefits of CPM
CPM has been reported to be effective in lessening the nega-
tive effects of joint immobilization in conditions such as
arthritis, contractures, and intra-articular fractures23; some
studies report improved recovery rate and ROM, particularly
early in the recovery period after a variety of surgical proce-
dures,3,16,22,28-34,36 although other studies question the need
for its use when long-term measures show little or no differ-
ence in outcomes compared with traditional therapy.11,17,19

Suggested benefits of CPM include:

■  Preventing development of adhesions and contractures and
thus joint stiffness

■  Providing a stimulating effect on the healing of tendons
and ligaments

■  Enhancing the healing of incisions over the moving joint
■  Increasing synovial fluid lubrication of the joint and thus

increasing the rate of intra-articular cartilage healing and
regeneration

■  Preventing the degrading effects of immobilization
■  Providing a quicker return of ROM
■  Decreasing postoperative pain

 FOCUS ON EVIDENCE
Studies have compared short- and long-term outcomes of
CPM use after various types of surgery using various param-
eters as well as CPM with other methods of early movement
and positioning.1,5,6,11,14,15,22,17,26,27,37,39 Some studies have
shown no significant difference between patients undergoing
CPM and those undergoing PROM or other forms of early
motion.5,14,15,27,38 Reports of the short-term benefits of CPM
use after surgery were that patients gained ROM more quickly
and therefore experienced earlier discharge from the hospital
when CPM was used compared with other forms of interven-
tion.3 However, long-term functional gains are reported to be
no different from those in patients who underwent other
forms of early motion.4,17,37,39

The authors of an updated Cochrane Review of 24 ran-
domized controlled trials in which CPM was used following
total knee arthroplasty summarized that for patients who had
CPM combined with physical therapy, the clinical effects on
active knee flexion ROM, pain, function, and quality of life
were not significant enough to justify its use as a routine in-
tervention. There was no significant difference in passive knee
flexion or passive or active knee extension.11

Another Cochrane Review looked at the use of CPM for
the prevention of venous thromboembolism after total knee
arthroplasty using 11 randomized controlled trials involving
808 patients. The authors concluded that there was insufficient

evidence to state that CPM reduces thromboembolism after
total knee arthroplasty.12 They suggested that additional qual-
ity studies are needed.

Some studies have identified detrimental effects such as
the need for greater analgesic intervention and increased post-
operative blood drainage when using CPM26,38 in contrast to
claims that CPM decreases postoperative pain and complica-
tions.29-33,36 The cost-effectiveness of the CPM equipment,
patient compliance, utilization and supervision of equipment
by trained personnel, length of hospital stay, speed of recov-
ery, and determination of appropriate patient populations 
become issues to consider when making the choice of whether
or not to utilize CPM devices.15,20

General Guidelines for CPM
General guidelines for CPM are as follows:2,4,10,16,18,28,33

1. The device may be applied to the involved extremity imme-
diately after surgery while the patient is still under anesthesia
or as soon as possible if bulky dressings prevent early 
motion.

2. The arc of motion for the joint is determined. A low arc 
of 20° to 30° is often used initially and progressed 10° to
15° per day as tolerated. The portion of the range used ini-
tially is based on the range available and patient tolerance.
One study that looked at accelerating the range of knee
flexion after total knee arthroplasty found that a greater
range and earlier discharge were attained for that group of
patients,39 although there was no difference between the
groups at 4 weeks.

3. The rate of motion is determined; usually 1 cycle/45 sec or
2 min is well tolerated.

4. The length of time on the CPM machine varies for different
protocols—anywhere from continuous for 24 hours to con-
tinuous for 1 hour three times a day.10,18,33 The longer pe-
riods of time per day reportedly result in a shorter hospital
stay, fewer postoperative complications, and greater ROM
at discharge,10 although no significant difference was found
in a study comparing CPM for 5 hr/day with CPM for 
20 hr/day.2 A study that compared short-duration CPM 
(3 to 5 hr/day) with long-duration CPM (10 to 12 hr/day)
found that patient compliance and the most gained range
occurred with a CPM duration of 4 to 8 hours.4

5. Physical therapy treatments are usually initiated during
periods when the patient is not on CPM, including active-
assistive and muscle-setting exercises. It is important that
patients learn to use and develop motor control of the
ROM as motion improves.

6. The duration minimum for CPM is usually less than 
1 week or when a satisfactory range of motion is reached.
Because CPM devices are portable, home use is possible in
cases in which the therapist or physician deems that addi-
tional time would be beneficial. In these cases, the patient,
a family member, or a caregiver is instructed in proper 
application.
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7. CPM machines are designed to be adjustable, easily con-
trolled, versatile, and portable. Some are battery operated
(with rechargeable batteries) to allow the individual to
wear the device for up to 8 hours while functioning with
daily activities.

ROM Through Functional
Patterns

To accomplish motion through functional patterns, first de-
termine what pattern of movement is desired and then
move the extremity through that pattern using manual 

assistance, mechanical assistance if it is appropriate, or self-
assistance from the patient. Functional patterning can be
beneficial in initiating the teaching of ADLs and instrumen-
tal activities of daily living (IADLs) as well as in instructing
patients with visual impairments in functional activities.
Utilizing functional patterns helps the patient recognize the
purpose and value of ROM exercises and develop motor
patterns that can be used in daily activities as strength and
endurance improves. Box 3.3 identifies some examples and
the basic motions that are utilized. When the patient no
longer requires assistance to perform the pattern safely and
correctly, the activity is incorporated into his or her daily
activities so motor learning is reinforced and the motion
becomes functional.

80 ROM Through Functional Patterns

BOX 3.3 Functional ROM Activities

Early ROM training for functional upper extremity and neck
patterns may include activities such as:

■ Grasping an eating utensil: utilizing finger extension and flexion
■ Eating (hand to mouth): utilizing elbow flexion and forearm

supination and some shoulder flexion, abduction, and lateral
rotation

■ Reaching to various shelf heights: utilizing shoulder flexion and
elbow extension

■ Brushing or combing back of hair: utilizing shoulder abduction
and lateral rotation, elbow flexion, and cervical rotation

■ Holding a phone to the ear: utilizing shoulder lateral rotation,
forearm supination, and cervical side bend

■ Donning or doffing a shirt or jacket: utilizing shoulder
extension, lateral rotation, and elbow flexion and extension

■ Reaching out a car window to an ATM machine: utilizing
shoulder abduction, lateral rotation, elbow extension, and
some lateral bending of the trunk

Early ROM training for functional lower extremity and trunk
patterns may include activities such as:

■ Going from supine to sitting at the side of a bed: utilizing hip
abduction and adduction followed by hip and knee flexion

■ Standing up/sitting down and walking: utilizing hip and knee
flexion and extension, ankle dorsi and plantarflexion, and
some hip rotation

■ Putting on socks and shoes: utilizing hip external rotation and
abduction, knee flexion and ankle dorsi and plantarflexion, and
trunk flexion

Independent Learning Activities

Critical Thinking and Discussion
1. Analyze a variety of functional activities, such as groom-

ing, dressing, bathing, raising up from a chair, and getting
in and out of a car; determine the functional ranges
needed to perform each task.

2. Look at the effects of gravity or other forces on the ROM
for each activity listed in #1. If you have a patient who is
unable to do the activity because of an inability to control
the range needed, determine how you would establish 
an exercise program to begin preparing the individual to
develop the desired function.

Laboratory Practice
1. Perform PROM of the upper and lower extremities with your

partner placed in a  prone, side-lying, and sitting position.
a. What are the advantages and disadvantages of each of

the positions for some of the ranges, such as shoulder

and hip extension, knee flexion with the hip extended,
and rotation of the hip?

b. Progress the PROM to A-AROM and AROM, and de-
termine the effects of gravity and the effort required 
in these positions compared with that in the supine 
position.

2. Compare the ROMs of the hip, knee, and ankle when each
of the two joint muscles is elongated over its respective
joint versus when each of the muscles is slack.
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The term mobility is often defined as the ability of body
structures or segments to move so that range of motion
(ROM) for functional activities is allowed (functional
ROM).3 It can also be defined as the ability of an individual
to initiate, control, or sustain active movements of the body
to perform motor tasks (functional mobility).41,116 Mobility,
as it relates to functional ROM, is associated with both joint
integrity and soft tissue flexibility. In this context, the soft
tissues that cross or surround joints must have sufficient 
extensibility to allow an individual to perform their func-
tional tasks and activities. Importantly, the ROM needed to
perform functional activities does not necessarily mean full
or “normal” ROM.

Sufficient soft tissue mobility and joint ROM must also be
supported by a requisite level of muscle function, including
strength, endurance, and neuromuscular control. Not only

does adequate muscle function enable functional mobility, 
it also helps manage imposed physical loads and may help
prevent musculoskeletal injury.58,66,71,120,132,159

Hypomobility, or reduced functional motion, is often
caused by adaptive shortening or decreased extensibility in
soft tissues. Potential factors leading to hypomobility include
(1) prolonged immobilization of a body segment, (2) seden-
tary lifestyle, (3) postural malalignment with muscle length
alterations, (4) impaired muscle performance (weakness) 
associated with musculoskeletal or neuromuscular disorders,
(5) tissue trauma resulting in inflammation and pain, and
(6) congenital or acquired deformities. Any factor that limits
mobility by decreasing the extensibility of soft tissues may also
lead to impaired muscular performance.82 Hypomobility can
contribute to activity limitations and participation restrictions
in a person’s life.10,18

82
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Stretching interventions become an integral component
of an individualized rehabilitation program when restricted
mobility adversely affects function or increases the risk 
of injury. Stretching exercises also are considered an 
important element of fitness and sport-specific condition-
ing programs designed to promote wellness and reduce the
risk of injury or re-injury.58,120,132,159 Stretching is a general
term used to describe any therapeutic maneuver designed
to increase soft tissue extensibility with the intent of im-
proving flexibility and ROM by elongating (lengthening)
structures that have adaptively shortened and have become
hypomobile.70,155

Only through a systematic examination, evaluation, and
diagnosis of a patient’s problems can a therapist determine
what structures are restricting motion and if, when, and
what types of stretching procedures are indicated. Early 
in the rehabilitation process, manual stretching and joint 
mobilization/manipulation, which involve direct, “hands-on”
intervention by a practitioner, may be the most appropriate
techniques. Later, self-stretching exercises performed inde-
pendently by a patient after careful instruction and close
supervision may be a more suitable intervention. In some
situations the use of a mechanical stretching device is indi-
cated, particularly when manual therapies have been in -
effective. Regardless of the types of stretching used as an
intervention, any gains in ROM should be used regularly
during functional activities and strengthening exercises.
The stretching interventions described in this chapter are
designed to improve the extensibility of the contractile and
noncontractile components of muscle-tendon units and
periarticular structures. The efficacy of these interventions
is explored throughout the chapter. In addition to the
stretching procedures for the extremities illustrated in this
chapter, self-stretching exercises for each region of the
body are described and illustrated in Chapters 16 through 22.
Joint mobilization/manipulation procedures for extrem-
ity joints are described and illustrated in Chapter 5 and
for the temporomandibular joints, ribs, and sacrum in
Chapter 15. Spinal manipulative techniques are presented
in Chapter 16.

Definition of Terms
Associated With Mobility 
and Stretching

Flexibility
Flexibility is the ability to rotate a single joint or series of joints
smoothly and easily through an unrestricted, pain-free
ROM.82,100 Muscle length, joint integrity, and periarticular
soft tissue extensibility all interact to determine flexibility.3

Flexibility is maximized when the muscle-tendon units that
cross a joint have adequate extensibility to deform and yield

to a stretch force. In addition, the arthrokinematics of the
moving joint (the ability of the joint surfaces to roll and slide)
and the ability of periarticular connective tissues to deform
also affect joint ROM and flexibility.

Dynamic and Passive Flexibility

Dynamic flexibility. This form of flexibility, also referred to
as active mobility or active ROM, is the extent to which an 
active muscle contraction can rotate a joint through its avail-
able ROM. Dynamic flexibility depends on the ability of a
muscle to contract through the ROM and on the degree and
quality of tissue extensibility 

Passive flexibility. This type of flexibility, also referred to 
as passive mobility or passive ROM, is the extent to which a
joint can be passively rotated through its available ROM and
depends on the extensibility of soft tissues that cross and sur-
round a joint. Passive flexibility is a prerequisite for—but does
not ensure—dynamic flexibility.

Hypomobility
Hypomobility refers to decreased mobility or restricted 
motion at a single joint or series of joints. Many pathological
processes are associated with hypomobility, and there are
many factors that may contribute to motion limitations.
These factors are summarized in Table 4.1.

Contracture
Restricted motion can range from mild tightness to irre-
versible contractures. Contracture is defined as the adaptive
shortening of the muscle-tendon unit and other soft tissues
that cross or surround a joint, resulting in significant resist-
ance to passive or active stretch and limited ROM.12,33,51,82,104

The limitations associated with contractures can significantly
compromise functional abilities.

There is no clear delineation of the extent of motion loss
required due to decreased soft tissue extensibility to designate
the limitation as a contracture. Contracture is most often 
defined as an almost complete loss of motion, whereas the
term shortness is used to denote partial loss of motion.82

Tightness is commonly used in the clinical and fitness settings
to describe restricted motion due to adaptive shortening of soft
tissue, in particular mild muscle shortening. Muscle tightness is
also used to denote adaptive shortening of the contractile and
noncontractile elements of muscle.70

Designation of Contractures by Location
Contractures are described as the side of the joint that has
the tissue tightness. If the tightness is on the flexion side of
the flexion/extension joint axis, it is called a flexion contrac-
ture. For the patient with shortened elbow flexors who can-
not fully extend the elbow, they are said to have an elbow
flexion contracture. The patient with tight hip adductors
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or apparent contracture are used. If neuromuscular inhibition
procedures to reduce muscle tension temporarily are applied,
full, passive elongation of the apparently shortened muscle is
then possible.

Arthrogenic and periarticular contracture. An arthrogenic
contracture is the result of intra-articular pathology. These
changes may include adhesions, synovial proliferation, joint
effusion, irregularities in articular cartilage, or osteophyte for-
mation.51 A periarticular contracture develops when connec-
tive tissues that cross or attach to a joint or the joint capsule
lose mobility, restricting normal arthrokinematic motion.

Fibrotic contracture and irreversible contracture. Fibrous
changes in the connective tissue of muscle and periarticular
structures can cause adherence of these tissues and subsequent
development of a fibrotic contracture.160 Although it is possi-
ble to stretch a fibrotic contracture and eventually increase
ROM, it is often difficult to re-establish optimal tissue length.33

Permanent loss of soft tissue extensibility that cannot be
reversed by nonsurgical intervention may occur when nor-
mal muscle and organized connective tissue are replaced
with a large amount of relatively nonextensible fibrotic 
adhesions, scar tissue,33 or heterotopic bone. These changes
can occur after long periods of immobilization with tissues
in a shortened position or after tissue trauma and the sub-
sequent inflammatory response. The longer a fibrotic con-
tracture exists or the more extensive the tissue replacement,
the more difficult it becomes to regain optimal mobility
and the more likely it is that the contracture will become
irreversible.33,145

who cannot fully abduct the leg is said to have a hip adduc-
tion contracture.

Contracture Versus Contraction
The terms contracture and contraction (the process of active ten-
sion developing in a muscle during shortening or lengthening)
are not synonymous and not to be used interchangeably.

Types of Contracture
One way to further define the term contracture is to describe
contractures by the pathological changes in the different types
of soft tissues involved.32

Myostatic contracture. In a myostatic (myogenic) contrac-
ture, although the musculotendinous unit has adaptively
shortened and there is a significant loss of ROM, there is no
specific muscle pathology present.32 From a morphological
perspective, although there may be a reduction in the number
of sarcomere units in series, there is no decrease in individual
sarcomere length. Myostatic contractures can be resolved in
a relatively short time with stretching exercises.32,51

Pseudomyostatic contracture. Impaired mobility and lim-
ited ROM may also be the result of hypertonicity (i.e., spasticity
or rigidity) associated with a central nervous system lesion,
such as a cerebrovascular accident, a spinal cord injury, or
traumatic brain injury.32,51 Muscle spasm or guarding and
pain may also cause a pseudomyostatic contracture. In both
situations, the involved muscles appear to be in a constant
state of contraction, giving rise to excessive resistance to
passive stretch. Hence, the terms pseudomyostatic contracture

TABLE 4.1 Factors Contributing to Restricted Motion

Contributing Factors Examples

Prolonged immobilization: extrinsic factors
■ Casts and orthotics
■ Skeletal traction

Prolonged immobilization: intrinsic factors
■ Pain
■ Joint inflammation and effusion
■ Muscle, tendon, or fascial disorders
■ Skin disorders
■ Bony block
■ Vascular disorders

Sedentary lifestyle and habitual faulty or asymmetrical postures

Paralysis, tonal abnormalities, and muscle imbalances

Postural malalignment: congenital or acquired

Fractures, osteotomy, soft tissue trauma or repair

Microtrauma or macrotrauma; degenerative diseases
Joint diseases or trauma
Myositis, tendonitis, fasciitis
Burns, skin grafts, scleroderma
Osteophytes, ankylosis, surgical fusion
Peripheral lymphedema

Confinement to bed or a wheelchair; prolonged
positioning associated with occupation or work
environment

Neuromuscular disorders and diseases: CNS or PNS
dysfunction (spasticity, rigidity, flaccidity, weakness,
muscle guarding, spasm)

Scoliosis, kyphosis
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The following terms describe techniques designed to in-
crease soft tissue extensibility and joint mobility, some of
which are addressed in depth later in this chapter.

Stretching: Manual or Mechanical/Passive 
or Assisted
An end-range stretch force will elongate shortened muscle-
tendon units and/or periarticular connective tissues when a
restricted joint is rotated just beyond its available ROM. The
force can be applied by manual contact or a mechanical 
device and can be sustained or intermittent. When the patient
is as relaxed as possible during the stretch, it is called passive
stretching. If the patient assists in moving the joint through a
greater range, it is called assisted stretching.

Self-Stretching
Any stretching exercise that is carried out independently by a
patient after instruction and supervision by a therapist is 
referred to as self-stretching. In this case forces are applied by
the patient at the end of available ROM for the purpose of
elongating hypomobile soft tissues. Flexibility exercises are
also performed independently, but this term usually indicates
stretching that is part of a general conditioning and fitness
program by individuals without mobility impairments. 

Neuromuscular Facilitation and Inhibition
Techniques
Neuromuscular facilitation and inhibition procedures are
founded on the concept of reflexively decreasing tension in
shortened muscles prior to or during the stretch. Because the
use of inhibition or facilitation techniques to assist with muscle
elongation is associated with an approach to exercise known as
proprioceptive neuromuscular facilitation (PNF),136,148 many
clinicians and some authors refer to these procedures as PNF
stretching,29,36,131 active inhibition,70 active stretching,158 or 
facilitated stretching.117 Stretching procedures based on prin-
ciples of PNF are discussed in a later section of this chapter.

Muscle Energy Techniques
Muscle energy techniques are manipulative procedures that
evolved out of osteopathic medicine designed to lengthen
muscle and fascia and to mobilize joints.21,26,157 The proce-
dures employ voluntary muscle contractions by the patient in
a precisely controlled direction and intensity against a coun-
terforce applied by the practitioner (see additional informa-
tion in Chapter 5 and a description of specific techniques for
the sacroiliac (SI) joint in Chapter 15 and subcranial region in
Chapter 16). Because principles of neuromuscular inhibition
are incorporated into this approach, another term used to
describe these techniques is postisometric relaxation.

Joint Mobilization/Manipulation
Joint manipulative techniques are skilled manual therapy 
interventions specifically applied to joint structures by the
clinician to modulate pain and treat joint impairments that
limit ROM.64,78 Principles of use and basic techniques for the

Selective Stretching
Selective stretching is a process whereby the overall function of
a patient may be improved by applying stretching techniques
to some muscles and joints while allowing motion limitations
to develop in other muscles or joints. When determining which
muscles to stretch and which to allow to become slightly short-
ened, the therapist must always keep in mind the functional
needs of the patient and the importance of maintaining a
balance between mobility and stability for maximum func-
tional performance.

The decision to allow restrictions to develop in selected
muscle-tendon units and joints typically is made in patients
with permanent paralysis. For example:

■  In a patient with spinal cord injury, stability of the trunk is
necessary for independence in sitting. With thoracic and
cervical lesions, the patient does not have active control of
the back extensors. If the hamstrings are routinely stretched
to improve or maintain their extensibility and moderate
hypomobility is allowed to develop in the extensors of the
low back, this enables a patient to lean into the slightly
shortened structures and have some degree of trunk sta-
bility for long-term sitting. However, the patient must still
have enough flexibility for independence in dressing and
transfers. Too much limitation of motion in the low back
can decrease function.

■  Allowing slight hypomobility to develop in the long flexors
of the fingers while maintaining mobility of the wrist 
extensors enables the patient with spinal cord injury, who
lacks innervation of the intrinsic finger muscles, to regain
the ability to grasp by using a tenodesis action.

Overstretching and Hypermobility
Overstretching is a stretch well beyond the normal length of
muscle and ROM of a joint and the surrounding soft tissues,82

resulting in hypermobility (excessive mobility).

■  Creating selective hypermobility by overstretching may be
necessary for certain healthy individuals with normal
strength and stability who participate in sports that require
extensive flexibility.

■  Hypermobility can create detrimental joint instability if the
static supporting structures and/or the dynamic muscular
control of the joint are unable to maintain the joint in a
stable, functional position during activities. Instability of a
joint often causes pain and may predispose a person to
musculoskeletal injury.

Overview of Interventions to Increase
Mobility of Soft Tissues
Many therapeutic interventions are designed to improve the
mobility of soft tissues to increase ROM and flexibility.
Stretching and mobilization/manipulation are general terms
that describe any therapeutic maneuver that increases the 
extensibility of restricted soft tissues.
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discussed throughout this chapter, a considerable body of 
evidence has shown that stretching, particularly static and
PNF stretching procedures, improves flexibility and increases
ROM. (The parameters of stretching exercises that determine
effectiveness, such as intensity, duration, and frequency, are
discussed later in this chapter.)

The underlying mechanisms for stretch-induced gains in
ROM include biomechanical and neural changes in the contrac-
tile and noncontractile elements of the muscle-tendon unit
and surrounding fascia. These changes are thought to be the
result of increased muscle extensibility and length or decreased
muscle stiffness (passive muscle-tendon tension).56,97,99,105,125

(These underlying effects are discussed in the next section of
this chapter.) Fascia may respond to the heat and mechanical
stress generated during stretching by increasing its compli-
ance.128 There is also speculation that increased ROM follow-
ing stretching may result from a change in an individual’s
perception or tolerance of the sensation associated with
stretching.87,152 This is supported by evidence showing that

extremity joints are described and illustrated in detail in
Chapter 5, and mobilization with movement techniques for
the extremities are described and illustrated in the regional
chapters (see Chapters 17 to 22). Techniques for the ribs,
sacrum, and temporomandibular joints are presented in
Chapter 15 and for the spinal joints in Chapter 16.

Soft Tissue Mobilization/Manipulation
Soft tissue manipulative techniques are designed to improve
the extensibility of any soft tissue that limits mobility. These
techniques involve the application of specific and progressive
manual forces using sustained manual pressure or slow, deep
stroking. Specially crafted instruments can also be used by
clinicians to apply these forces. Many techniques, including
friction massage,70,138 myofascial release,20,63,93,138 acupres-
sure,70,138,147 and trigger point therapy,93,138,147 are designed
to improve tissue mobility by manipulating connective tissue
that binds soft tissues. Although they are useful adjuncts to
manual stretching procedures, specific techniques are not 
described in this textbook.

Neural Tissue Mobilization (Neuromeningeal
Mobilization)
Neural mobilization techniques are used to improve or restore
nerve tissue mobility. Neural tissue mobility may become 
restricted by tissue adhesions or scar tissue following trauma
or surgical procedures. Increased tension placed on nerve 
tissue by these adhesions during joint motion can lead to pain 
or neurological symptoms. After specific tests are conducted
to determine neural tissue mobility, the neural pathway is 
mobilized through selective procedures.19,70 These techniques
are described in Chapter 13.

Indications,
Contraindications, 
and Potential Outcomes 
of Stretching Exercises

Indications and Contraindications 
for Stretching
There are situations in which stretching exercises are appropri-
ate and safe; however, there are also instances when stretching
should not be implemented. Boxes 4.1 and 4.2 list indications
and contraindications for the use of stretching interventions.

Potential Benefits and Outcomes 
of Stretching
Increased Flexibility and ROM
The expected outcome of stretching exercises is to restore or
increase muscle-tendon unit extensibility to regain or achieve
the flexibility and ROM required for functional activities. As

BOX 4.1 Indications for Stretching

■ ROM is limited because soft tissues have lost their
extensibility as the result of adhesions, contractures, 
and scar tissue formation, causing activity limitations 
or participation restrictions.

■ Restricted motion may lead to structural deformities that
are otherwise preventable.

■ Muscle weakness and shortening of opposing tissue have
led to limited ROM.

■ May be a component of a total fitness or sport-specific
conditioning program designed to prevent or reduce the
risk of musculoskeletal injuries.

■ May be used prior to and after vigorous exercise.

BOX 4.2 Contraindications to Stretching

■ A bony block limits joint motion.
■ There was a recent fracture, and bony union is incomplete.
■ There is evidence of an acute inflammatory or infectious

process (heat and swelling), or soft tissue healing could be
disrupted in the restricted tissues and surrounding region.

■ There is sharp, acute pain with joint movement or muscle
elongation.

■ A hematoma or other indication of tissue trauma is
observed.

■ Joint hypermobility already exists.
■ Shortened soft tissues provide necessary joint stability in

lieu of normal structural stability or neuromuscular control.
■ Shortened soft tissues enable a patient with paralysis or

severe muscle weakness to perform specific functional
skills otherwise not possible.
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enhanced performance, especially with longer duration stretches
(>90 seconds).9 Dynamic stretching is defined as a controlled
movement through the active ROM for each joint.54 Similarly,
performing stretching exercises as part of a comprehensive
conditioning program on a regular basis over a period of
weeks (chronic stretching) not only increases flexibility, but also
appears to have beneficial effects on physical performance. This
approach to stretching has been found to improve strength or
power,59,84,124,133 perhaps because of an alteration in the length-
tension relationships of the stretched muscles. Participating in
a stretching program on a regular basis also has been shown
to improve gait economy59 and enhance the performance of
physical activities, such as sprinting and jumping abilities.124,133

Properties of Soft Tissue:
Response to Immobilization
and Stretch

The ability of the body to move without restriction during
functional activities depends on active neuromuscular control
and the passive extensibility of soft tissues. As noted above,
the soft tissues that can become restricted and impair mobility
include muscles with their contractile and noncontractile
elements and various types of connective tissue (tendons,
ligaments, joint capsules, fascia, and skin). In most instances,
decreased extensibility of connective tissue is the primary
cause of restricted mobility in both healthy individuals and
patients after injury, disease, or surgery.

A period of immobilization is often used to protect joints
or tissues after injury or surgery, which may result in soft
tissue morphological adaptations. Each type of soft tissue has
unique properties that affect its response to immobilization
and its ability to regain extensibility after immobilization.
When stretching procedures are applied to these soft tissues,
the direction, velocity, intensity (magnitude), duration, and
frequency of the stretch force, as well as tissue temperature,
tension, and stiffness, all interact to affect the unique soft
tissue responses and outcomes. Specifically, mechanical
characteristics of contractile and noncontractile soft tissue
and the neurophysiological properties of contractile tissue
will affect tissue lengthening. In addition, increased extensi-
bility of the muscle-tendon unit following stretching may result
from a modification of the stretch sensation, such as the onset
of end-range discomfort, perceived by an individual.99,152

Most of the information on the biomechanical, biochemical,
and neurophysiological responses of soft tissues to immobiliza-
tion and remobilization is derived from animal studies; as such,
the exact physiological mechanism by which stretching increases
the extensibility of human tissues is still unclear. However, stud-
ies using ultrasound imaging on musculotendinous tissue in
humans have provided confirmation of previous experiments
on tendon adaptability to stress using isolated material.86,96

Specifically, decreased muscle stiffness, quantified as a decrease

static stretching improves dorsiflexion ROM without changing
the structure of the musculotendinous unit, a result attributed
to improved tolerance to 6 weeks of stretching.85

General Fitness
In addition to improving flexibility and ROM, stretching 
exercises routinely are recommended for warm-up prior to
or cool-down following strenuous physical activity. They are
also considered to be an essential part of conditioning pro-
grams for general fitness, for recreational or workplace activ-
ities, and for training in preparation for competitive sports.

Other Potential Benefits
Potential benefits and outcomes traditionally attributed to
stretching exercises include the prevention or reduced risk of
soft tissue injuries, reduced post-exercise (delayed onset) mus-
cle soreness, and enhanced physical performance.47,66,71,132,

However, the evidence to support these potential benefits is
inconclusive.

Injury prevention and reduced post-exercise muscle sore-
ness. Although decreased flexibility has been associated with
a greater risk of lower extremity musculotendinous injuries,159

it is not likely that stretching exercises prevent or reduce 
injury risk. The vast majority of studies, analyzed in several
critical reviews of the literature, indicate little, if any, link
between an acute bout of stretching for warm-up prior to a
strenuous event and the prevention or reduction in the like-
lihood of soft tissue injuries67,120,125,140 or the severity or
duration of post-exercise, delayed-onset muscle soreness.67,68

Enhanced performance. Another potential benefit attrib-
uted to stretching is enhanced physical performance—such
as increased muscular strength, power, or endurance—or
improvements in physical functioning such as walking or
running speed and jumping abilities.

Consequently, it is common for an individual who is
participating in a fitness or sport-related training program
to perform stretching exercises prior to a strength training
session. Stretching is also commonly performed just before
participation in an athletic event requiring strength or
power, such as sprinting or performing a vertical jump. 

To effectively evaluate the impact of stretching on physical
performance, a distinction must be made between a bout of
stretching carried out just before a strenuous activity (acute
or pre-event stretching) and a program of stretching exercises
performed on a regular basis over a period of weeks (chronic
stretching). A systematic review of the literature124 and sub-
sequent studies30 indicate that acute static stretching either
has no effect or decreases—rather than enhances—muscle
performance (strength, power, or endurance) immediately
following the stretching session. Acute stretching also pro-
vides no benefit or has a negative effect on the performance
of activities that require strength, such as sprinting or jump-
ing.9,56,109,124,133 These performance decrements are greatest
when static stretches are held for longer than 90 seconds. To
the contrary, acute dynamic stretching appears to lead to
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in shear elastic modulus using ultrasound elastography, has been
identified as the likely mechanism for increased extensibility.1,108

An understanding of the properties of these tissues and their 
responses to immobilization and stretch is the basis for selecting
and applying the safest, most effective stretching procedures for
patients with impaired mobility.59

When soft tissue is stretched, elastic, viscoelastic, or plastic
changes occur. Both contractile and noncontractile tissues
have elastic and plastic qualities, while only noncontractile
connective tissues have viscoelastic properties.

■  A stretched soft tissue is elastic if it returns to its prestretch
resting length directly after a short-duration stretch force
is removed.24,39,90,91,111

■  Viscoelasticity, or viscoelastic deformation, is a time-
dependent property of soft tissue. A viscoelastic tissue ini-
tially resists deformation, such as a change in length, when
a stretch force is applied but will slowly lengthen if the force
is sustained. The viscoelastic tissue will gradually return 
to its prestretch configuration after the stretch force is 
removed.90,97,98,111,152

■  Plasticity, or plastic deformation, is the tendency of soft
tissue to assume a new and greater length after a stretch
force is removed.90,145,152

Mechanical Properties of
Noncontractile Soft Tissue
Noncontractile soft tissue permeates the entire body and is
organized into various types of connective tissue to support
the structures of the body. Ligaments, tendons, joint capsules,
fascia, noncontractile tissue in muscles (Fig. 4.1), and skin all
possess connective tissue characteristics that can lead to the
development of adhesions and contractures. Any of these tis-
sues can lose extensibility and contribute to reduced mobility.
When these tissues restrict joint ROM and require stretching,
it is important to understand how they respond to the inten-
sity and duration of stretch forces and to recognize that the
only way to increase the extensibility of connective tissue is
to remodel its basic architecture.33

Composition of Connective Tissue
Connective tissue is composed of three types of fiber: colla-
gen, elastin and reticulin, and nonfibrous ground substance
consisting of proteoglycans and glycoproteins.34,145

Collagen fibers. Collagen fibers are responsible for the strength
and stiffness of tissue and resist tensile deformation. Tropocol-
lagen crystals form the building blocks of collagen microfibrils.
Each additional level of composition of the fibers is arranged in
an organized relationship and dimension (Fig. 4.2). There are
six classes with 19 types29 of collagen. As collagen fibers develop
and mature, they bind together, initially with unstable hydrogen
bonding, then convert to stable covalent bonding. The stronger
these bonds, the greater the mechanical stability of the tissue.
Tissue with a larger proportion of collagen provides greater
stability.

Epimysium

EndomysiumPerimysium

Muscle fibers

Muscle nuclei

FIGURE 4.1 Muscular connective tissue. Cross-sectional view of
the connective tissue in a muscle shows how the perimysium is
continuous with the outer layer of epimysium. (From Chleboun, G:
Muscle structure and function. In Levangie, PK, and Norkin, CC
[eds]: Joint Structure and Function: A Comprehensive Analysis,
ed. 5. Philadelphia: FA Davis, 2011, p 117, with permission.)

FIGURE 4.2 Composition of collagen fibers showing the aggrega-
tion of tropocollagen crystals as the building blocks of collagen. 
Organization of the fibers in connective tissue is related to the
function of the tissue. Tissues with parallel fiber orientation, 
such as tendons, are able to withstand greater tensile loads than
tissue, such as skin, in which the fiber orientation appears more
random.

Tropocollagen

Microfibril

Subfibril

Fibril

Fascicle Collagen
Fibers

SkinLigamentTendon
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Interpreting Mechanical Behavior of
Connective Tissue: The Stress-Strain Curve
The stress-strain curve illustrates the mechanical strength of
structures (Fig. 4.3) and is used to interpret what is happening
to connective tissue under stress from an externally applied
load.34,143,145 When a tensile load is applied to a structure, it
produces elongation; the stress-strain curve illustrates the
strength properties, stiffness, and amount of energy the 
material can store before failure of the structure.

■  Stress is force (or load) per unit area. Mechanical stress
is the internal reaction or resistance to an externally 
applied load.

■  Strain is the amount of deformation or lengthening that
occurs when an external load (such as a stretch force) is
applied to a structure.

Elastin fibers. Elastin fibers provide extensibility. They show
a great deal of elongation with small loads and fail abruptly
without deformation at higher loads. Tissues with higher
amounts of elastin have greater flexibility.

Reticulin fibers. Reticulin fibers provide tissue with bulk.

Ground substance. Ground substance is an organic gel
containing water and is made up of proteoglycans (PGs)
and glycoproteins. The PGs function to hydrate the matrix,
stabilize the collagen networks, and resist compressive
forces—especially important in cartilage and intervertebral
discs. The type and amount of PGs are proportional to the
types of compressive and tensile stress that the tissue is
functionally subjected to.34 Glycoproteins provide linkage
between the main tissue matrix components and between
the cells and the matrix opponents. The ground substance
functions to reduce friction between fibers, transport nutri-
ents and metabolites within the tissue, and maintain space
between fibers to help prevent excessive cross-linking between
them.44,145

Mechanical Behavior of Noncontractile Tissue
The mechanical behavior of the various noncontractile tissues
is determined by the proportion of collagen and elastin fibers,
the proportion of PGs, and by the structural orientation of
the fibers. Those tissues that withstand high tensile loads are
high in collagen fibers; those that withstand greater compres-
sive loads have greater concentrations of PGs. The composi-
tion of the tissue changes when the loading environment
changes.34

Collagen is the structural element that absorbs most of
the tensile stress. Its mechanical behavior is explained with
reference to the stress-strain curve described in the follow-
ing paragraphs. With an externally applied load, collagen
fibers elongate quickly as wavy fibers align and straighten.
With increased loading, tension increases and the fibers
stiffen. Continued loading will progressively increase fiber
strain until a point where bonds between collagen fibers
begin to break. When a substantial number of bonds are
broken, the fibers themselves will ultimately fail. Failure of
collagen due to tensile loading occurs at less than 10% in-
crease in fiber length, whereas elastin may lengthen 150%
without failure. However, collagen is five times as strong as
elastin. The alignment and orientation of collagen fibers in
a particular tissue reflects the typical tensile loading pattern
acting on that tissue (see Fig. 4.2):

■  In tendons, collagen fibers are parallel and can resist the
greatest tensile load. Their fiber alignment is in series with
muscle fibers to transmit muscle forces to the bone.

■  In skin, collagen fibers have a random orientation and so
are limited in resisting higher levels of tension.

■  In ligaments, joint capsules, and fascia, collagen fiber align-
ment varies so that they can resist multidirectional forces.
Ligaments that resist major joint stresses have a more
parallel orientation of collagen fibers and a larger cross-
sectional area.113

STRESS
(load)

Toe
Region

Elastic Range Plastic Range

Elastic Limit Necking

STRAIN
(% deformation)

Failure

X' Y'

Y
X

FIGURE 4.3 Stress-strain curve. When stressed, the wavy collagen
fibers straighten (toe region). With additional stress, recoverable 
deformation occurs in the elastic range. Once the elastic limit is
reached, sequential failure of the collagen fibers and tissue occurs 
in the plastic range, resulting in release of heat and new length when
the stress is released. The length from the stress point (X) results in 
a new length when released (X’); the heat released is represented 
by the area under the curve between these two points. Y to Y’ repre-
sents additional length from additional stress into the plastic region
with more heat released. Necking is the region in which there is 
considerable weakening of the tissue, and less force is needed for
deformation. Total failure quickly follows even under small loads.

Types of Stress
There are three kinds of stress that develop in a structure in
response to an applied load:

■  Tension—the resistance to a force applied in a manner that
will lengthen the tissue. A stretching force results in tension
stress.

■  Compression—resistance to a force applied in a manner
that approximates tissue. Weight bearing through a joint
will produce compression stresses.

■  Shear—resistance to two or more forces that are applied in
opposing directions. 

Regions of the Stress-Strain Curve
Toe region. Because collagen fibers are wavy and within a
three-dimensional matrix at rest, their first response to loading
is to straighten and align. This response occurs with minimally
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CLINICAL TIP
The grades of ligament injuries (strains) are related to the
stress-strain curve.

Grade I—Microfailure: rupture of some fibers after defor-
mation into the early part of the plastic range.

Grade II—Macrofailure: rupture of an increased number
of fibers and partial failure after deformation into the
later part of the plastic range.

Grade III—Complete rupture or tissue failure after defor-
mation beyond the plastic range.

Time and Rate Influences on Tissue
Deformation
Because connective tissue has viscoelastic properties, the
amount of time and the rate at which an external load is
applied to tissue will affect its response.

Rate dependence. When a load is rapidly applied to a vis-
coelastic tissue, the slope of the stress-strain curve will be steeper
than if the load is applied slowly. In essence, the tissue becomes
stiffer when the load is applied at a high rate. This increased
stress response protects the tissue by keeping deformation below
the plastic range and minimizing the potential for failure.
Viscoelasticity is an extremely valuable tissue property because
it allows the body to tolerate high loads applied over short
durations—a combination often encountered during high
velocity events or activities. A tissue load that is applied gradu-
ally during a stretch will minimize this rate-dependent response. 

Creep. When a gradually increasing external load is applied to
a viscoelastic tissue and then sustained, the tissue will continue
to slowly elongate during the maintained stretch (Fig. 4.4A).
This slow adaptation to sustained loading is a time-dependent
property of a viscoelastic tissue. The amount of tissue deforma-
tion depends on the amount of force and the rate at which the
force is applied. Low-magnitude loads reaching the elastic range
and applied for long periods of time increase connective tissue
deformation and allow gradual rearrangement of collagen fiber
bonds (remodeling) and redistribution of water to surrounding
tissues.33,91,143 Increasing the temperature of the tissue enhances
creep and the extensibility of the tissue.150,154 Complete recovery
from creep may occur over time, but not as rapidly as recovery
from a short duration load. Long-duration stretches applied to
chronic contractures take advantage of this tissue property.

Stress-relaxation. When a sub-failure load is applied to a 
viscoelastic tissue and kept constant, there is a gradual decrease
in the force required to maintain the amount of deformation33

(Fig. 4.4B). This response is also a function of the viscoelastic
qualities of the connective tissue and redistribution of water 
content. Stress-relaxation is the underlying principle used in 
prolonged stretching procedures in which the stretch position is
maintained for several hours or days. Recovery versus permanent
changes in length is dependent on both the amount of defor-
mation and the length of time the deformation is maintained.33

applied force and results in small increases in tissue stress. The
toe region of the stress-strain curve represents this behavior
and is the range in which most functional activity normally
occurs. 

Elastic range/linear phase. Adjacent to the toe region, stress
and strain have a direct relationship such that a change in
stress results in a proportional change in strain. This is called
the linear region, and its slope depends on the specific tissues
response to loading. A tissue that responds to loading with a
rapid rise in strain, such as bone, will have a steep slope and
higher stiffness than a tissue that responds with a smaller rise
in strain. With respect to stretching, tissue stress beyond the
toe region aligns collagen fibers in the direction of applied
force. As strain increases, some microfailure between the
collagen bonds begins and water may be displaced from the
ground substance. If strain does not increase beyond the linear
region or is not maintained, the tissue returns to its original
size and shape when the load is released. (See the following
discussion on creep and stress-relaxation for prolonged
stretch.)

Elastic limit The elastic limit is the end of the linear region
and the point beyond which the tissue does not return to its
original shape and size. 

Plastic range. Strain beyond the elastic limit begins to cause
permanent tissue deformation. The plastic range extends
from the elastic limit to the point of rupture and tissue
strained into this range will have permanent deformation
after the external load is released. Plastic deformation results
from sequential failure (microfailure) of the bonds between
collagen fibrils and eventually of collagen fibers. Because
collagen is crystalline, individual fibers rupture rather than
stretch, a process that may result in increased length from
stretching.

Ultimate strength. The maximum strain the tissue can sus-
tain is its ultimate strength. Once this point is reached, further 
increase in strain does not result in increased stress due to tissue
macrofailure. The region of necking is reached in which there
is considerable weakening of the tissue, and it rapidly fails. 
Experimentally, maximum tensile deformation (strain) of iso-
lated collagen fibers prior to failure is 7% to 8%, while whole
ligaments may withstand strains of 20% to 40% before failing.113

Failure. Failure is reached when the tissue ruptures and loses
its integrity.

Structural stiffness. The slope of the linear portion of the
curve (elastic range) is known as Young’s modulus or the
modulus of elasticity and represents the stiffness of the tis-
sue.34 Tissues with greater stiffness have a steeper slope 
in the elastic region, with less elastic deformation as stress 
increases. Contractures and scar tissue have greater stiffness,
probably because of a greater degree of bonding between
collagen fibers and their surrounding matrix. Tissues with
less stiffness will demonstrate greater elongation than those
with greater stiffness under similar external loads.34
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both flexibility and tensile strength of the tissue. If healing
and remodeling time is not allowed, a breakdown of tissue
(failure) occurs as in overuse syndromes and stress frac-
tures. Intensive stretching is usually not done every day in
order to allow time for healing. If the inflammation from
the microruptures is excessive, additional scar tissue, which
could become more restrictive, is laid down.33

■  It is imperative that the individual use any newly gained
range to allow the remodeling of tissue and to train the
muscle to control the new range. Without functional use
of the newly gained range, the tissue may gradually return
to its shortened length.

Changes in Collagen Affecting 
the Stress-Strain Response

Effects of Immobilization
Immobilization causes collagen turnover and weak bonding
between the new, nonstressed fibers, resulting in decreased
stiffness. There is also greater cross-linking between disorgan-
ized collagen fibers and decreased effectiveness of the ground
substance in maintaining space and lubrication between the
fibers, resulting in adhesion formation.44,143 The rate of return
to normal tensile strength for immobilized tissue is slow. For
example, after 8 weeks of immobilization, the anterior cruci-
ate ligament in monkeys failed at 61% of maximum load;
after 5 months of reconditioning, it failed at 79%; and after
12 months of reconditioning, it failed at 91%.112,114 There was
also a reduction in energy absorbed and a decrease in stiffness
prior to failure following immobilization.112

Effects of Inactivity (Decrease of Normal Activity)
Inactivity decreases the size and amount of collagen fibers,
resulting in weakening of the tissue.34 With collagen decrease
there is a proportional increase in the predominance of elastin
fibers, resulting in increased tissue compliance. Recovery from
these changes takes about 5 months of regular cyclic loading.
Physical activity has a beneficial effect on the strength of
connective tissue.

Effects of Age
Aging decreases maximum tensile strength and stiffness of
tissue, and the rate of adaptation to loading is slower. There
is an increased tendency for overuse syndromes, fatigue fail-
ures, and tears with stretching.113

Effects of Corticosteroids
Corticosteroid use has a long-lasting deleterious effect on the
mechanical properties of collagen with a subsequent decrease
in tensile strength.34 Adverse effects from corticosteroid in-
jections include decreased collagen synthesis and organiza-
tion, necrosis, and an increased ratio of type III to type I
collagen.37 There is fibrocyte death next to the injection site
with delay in reappearance up to 15 weeks.113

Effects of Injury
Damaged tissue follows a predictable healing pattern (see
Chapter 10), with newly synthesized type III collagen bridging
the injury site. This collagen is structurally weaker than mature

Cyclic loading and connective tissue fatigue. Repetitive
loading of tissue within a short time duration increases heat
production and may cause failure at strain levels lower than
what is needed for a single load. Similarly, the greater these
repetitive loads, the fewer number of cycles needed to reach
failure. This phenomenon is referred to as connective tissue
fatigue. Examples of connective tissue fatigue from cyclic
loading are stress fractures and overuse syndromes. These
represent situations where the load intensity and number 
of repetitions exceed the endurance limit, below which an 
apparently infinite number of cycles of low loading will not
cause failure. Animal studies confirm that cyclic loading will
result in decreased ligament stiffness, indicative of tissue
damage, sooner than will static loading.142

Summary of Mechanical Principles 
for Stretching Connective Tissue
■  Connective tissue deformation (stretch) varies depending

on the magnitude of loading and the rate of load applica-
tion. Permanent changes in tissue length or flexibility re-
quires breaking of collagen bonds and realignment of the
fibers. Tissue failure begins as microfailure of fibrils and
fibers before complete failure occurs. Complete tissue fail-
ure can occur as a single maximal event or from repetitive
submaximal stress. Microfailure that induces permanent
lengthening can occur through creep, stress-relaxation, and
controlled cyclic loading.

■  Healing and adaptive remodeling capabilities allow the 
tissue to respond to repetitive and sustained loads if time
is allowed between bouts. This is important for increasing
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FIGURE 4.4 Tissue responses to prolonged stretch forces as a 
result of viscoelastic properties. (A) Effects of creep. A constant load,
applied over time, results in increased tissue length until equilibrium
is reached. (B) Effects of stress-relaxation. A load applied with the 
tissue kept at a constant length results in decreased internal tension
in the tissue until equilibrium is reached.
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tissue framework of muscle that is the primary source of a
muscle’s resistance to passive elongation.24,33,111 Tissue adhe-
sions within and between the collagen fibers of these struc-
tural tissues can resist and restrict movement and result in
joint contracture.33

Contractile Elements of Muscle
Individual muscles are composed of many muscle fibers that
lie in parallel with one another. A single muscle fiber is made
up of many myofibrils. Each myofibril is composed of even
smaller structures called sarcomeres, which lie in series (end-
to-end) within a myofibril. The sarcomere is the contractile
unit of the myofibril and is composed of overlapping myofil-
aments of actin and myosin proteins. The sarcomeres give
muscle the ability to contract and relax. When a motor unit
stimulates a muscle to contract, the actin-myosin filaments
form connections called cross-bridges, slide relative to each
other, and actively shorten the muscle. When a muscle relaxes,
the myofilaments slide apart slightly, and the muscle returns
to its resting length (Fig. 4.6).

type I collagen. As remodeling progresses, the collagen even-
tually matures to type I. Remodeling usually begins about 
3 weeks post-injury and continues for several months to a
year, depending on the size of the connective tissue structure
and the magnitude of the rupture.

Other Conditions Affecting Collagen
Nutritional deficiencies, hormonal imbalances, and dialysis
may predispose connective tissue to injury at lower levels of
loading than normal.34

Mechanical and Physiological
Properties of Muscle Tissue
Muscle is composed of both contractile and noncontractile
connective tissues. The contractile elements of muscle (Fig. 4.5)
give it the characteristics of contractility and irritability.

Myofilaments

Myofibril

Single 
fiber

Individual
muscle

I
band

H
zone

A
band

I
band

Sacromere

FIGURE 4.5 Structure of skeletal muscle.

The noncontractile connective tissues in and around
muscle (see Fig. 4.1) have the same properties as all connective
tissue, including the ability to resist deforming forces.24,97,98

The noncontractile connective tissue structures of muscle are
the endomysium, which is the innermost layer that separates
individual muscle fibers and myofibrils; the perimysium,
which encases fiber bundles; and the epimysium, which is the
fascial sheath enveloping the entire muscle. It is this connective

Stretched

Relaxed

Moderate
contraction

Maximum
contraction

FIGURE 4.6 A model of myofilament sliding. Elongation and 
shortening of the sarcomere, the contractile unit of muscle.

Mechanical Response of the Contractile 
Unit to Stretch and Immobilization
There are a number of changes in the anatomical structure
and physiological function of the sarcomeres that can occur
over time. These changes can result from a stretch during an
exercise or from extended periods of immobilization followed
by remobilization. The noncontractile structures in and
around muscle also affect a muscle’s response to stretch and
immobilization.31,90

Response to Stretch
When a muscle is stretched and elongates, the stretch force is
transmitted to the muscle fibers through the endomysium
and perimysium. It is hypothesized that molecular interactions
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stretched. This mechanical alteration is related to the new
muscle length and to the increased proportion of connective
tissue to muscle tissue that results from immobilization. 
Importantly, the increase in connective tissue and early onset
of passive tension also serves to protect the shorter and weaker
muscle when it is elongated.33,60

Immobilization in a lengthened position. Sometimes a
muscle is immobilized in a lengthened position for a prolonged
period of time. This occurs with some surgical procedures, such
as a limb lengthening,14 the application of a series of positional
casts (serial casts),72 or the use of a dynamic orthosis to stretch
a long-standing contracture and increase ROM.12,101 There is
some evidence from animal studies,137 but very limited 
evidence from studies involving human skeletal muscle,14 to
suggest that a muscle held in a lengthened position for an
extended time adapts by increasing the number of sarcomeres
in series, sometimes referred to as myofibrillogenesis.39 It is
theorized that sarcomere addition maintains the optimal func-
tional overlap of actin and myosin filaments in the muscle90

and may be relatively permanent if the newly gained length is
used on a regular basis in functional activities.

The minimum time necessary for an elongated muscle
(fiber) to become a longer muscle (fiber) by adding sarcomeres
in series is not known. In animal studies, increased muscle
length as the result of sarcomere number addition required
continuous immobilization in a lengthened position for several
weeks.90 It is speculated that this same process contributes to
gains in muscle length (indirectly quantified by increases in
joint ROM) following the use of serial casts,72 dynamic or-
thoses,101 and perhaps as the result of stretching exercises.39

Interestingly, direct evidence of sarcomere adaptation in human
skeletal muscle was recently reported following long-term, con-
tinuous limb distraction used to lengthen a patient’s femur.14

Adaptation. The adaptation of the contractile units of mus-
cle (an increase or decrease in the number of sarcomeres)
to prolonged positioning in either lengthened or shortened
positions is transient, lasting only 3 to 5 weeks if the muscle
resumes its pre-immobilization use and degree of lengthen-
ing for functional activities.80,90 In clinical practice, this 
underscores the need for patients to use full-range motions
during a variety of functional activities to maintain the stretch-
induced gains in muscle extensibility and joint ROM.

Neurophysiological Properties 
of Skeletal Muscle
The neurophysiological properties of the muscle-tendon unit
will also influence a muscle’s response to stretch and the 
effectiveness of stretching interventions. In particular, two
sensory organs of muscle-tendon units, the muscle spindle and
the Golgi tendon organ (GTO), are mechanoreceptors that
convey information to the central nervous system about the
physical environment within the muscle-tendon unit. This
information often results in muscle responses that may 
impact the effectiveness of a stretch.

link these noncontractile elements to the sarcomere and 
enable this force transduction.39

During a passive stretch, both longitudinal (in series) and
lateral (in parallel) force transduction occurs in muscle.39 Dur-
ing initial lengthening, tension rises sharply in the series elastic
component. With continued lengthening there is mechanical
disruption of the cross-bridges as the myofilaments slide apart,
leading to abrupt lengthening of the sarcomeres,39,55,90,91 some-
times referred to as sarcomere give.55 When the stretch force is
released, the individual sarcomeres return to their resting
length39,90,91 (see Fig. 4.6). As noted previously, the property of
muscle promoting return to its resting length after short-term
stretch is called elasticity. For longer lasting or more permanent
(viscoelastic or plastic) length increases to occur the stretch force
must be maintained over an extended period of time.39,90,152

Response to Immobilization and Remobilization
Morphological changes. If a muscle is subjected to prolonged
immobilization, it is not used during functional activities and
the physical stresses placed on it are substantially diminished.
This results in decay of contractile protein in the immobilized
muscle, as well as decreases in muscle fiber diameter, the
number of myofibrils, and intramuscular capillary density.
The outcome of this process is muscle atrophy and weak-
ness.13,17,60,77,80,90,106,141 As the immobilized muscle atrophies,
an increase in fibrous and fatty tissue in muscle also occurs.106

The composition of muscle affects its response to immo-
bilization, with atrophy occurring more quickly and more 
extensively in tonic (slow-twitch) postural muscle fibers than
in phasic (fast-twitch) fibers.90,91 The duration and position
of immobilization also affect the extent of atrophy and weak-
ness, with longer duration leading to greater atrophy and loss
of functional strength. Atrophy can begin within as little as a
few days to a week.79,80,141 Accompanying the decrease in
cross-sectional size of muscle fibers with atrophy, an even
more significant deterioration in motor unit recruitment
occurs as reflected by electromyographic (EMG) activity.90,91

Both of these factors compromise the force-producing capa-
bilities of the muscle.

Immobilization in a shortened position. In studies using
animals, when a muscle is immobilized in a shortened posi-
tion for several weeks there is a reduction in muscle length,
the number of muscle fibers, and the number of sarcomeres
in series within myofibrils as the result of sarcomere absorp-
tion.77,90,137 This absorption occurs at a faster rate than the
muscle’s ability to regenerate sarcomeres in an attempt to 
restore itself. This decrease in the overall muscle length and
the number of sarcomeres results in muscle atrophy and
weakness. It has also been suggested that a muscle immobi-
lized in a shortened position atrophies and weakens at a faster
rate than a muscle immobilized in a lengthened state.17

With muscle shortening due to immobilization, there is 
a shift to the left in its length-tension curve, decreasing its 
capacity to produce maximum tension as it contracts at its
normal resting length.24 The decrease in muscle length also
results in an earlier onset of passive tension as the muscle is
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The primary and secondary afferents synapse on alpha or
gamma motoneurons, which, when stimulated, cause excita-
tion of their own extrafusal or intrafusal muscle fibers, 
respectively. There are essentially two ways to stimulate these
sensory afferents by means of stretch—one is by overall
lengthening of the muscle and the other is by contraction of
the intrafusal muscle fibers via the gamma efferent neural
pathways.

Golgi Tendon Organ
The GTO is a sensory organ located near the musculotendi-
nous junctions of extrafusal muscle fibers. The function of a
GTO is to monitor changes in tension of muscle-tendon
units. These encapsulated nerve endings are woven among
collagen strands of a tendon and transmit sensory informa-
tion via Ib fibers. These sensory organs are sensitive to even
slight changes of tension on a muscle-tendon unit brought
on by passive stretch or active muscle contractions during
normal movement.

When muscle tension develops, GTO activation signals 
to the spinal cord inhibit alpha motoneuron activity and 
decrease tension in the muscle-tendon unit.22,60,73,119 With 
respect to the neuromuscular system, inhibition is a state of
decreased neuronal activity and altered synaptic potential,
which diminishes the capacity of a muscle to contract.71,73,94

Originally, the GTO was thought to respond only to high
levels of muscle tension as a protective mechanism for muscle.
However, the GTO has since been shown to have a low thresh-
old for firing, functioning to continuously monitor and adjust
the force of active muscle contractions during movement or
the tension in muscle during passive stretch.57,119

Muscle Spindle
The muscle spindle is the major sensory organ of muscle and
is sensitive to quick and sustained (tonic) stretch (Fig. 4.7).
The main function of muscle spindles is to detect and convey
information about muscle length changes and the velocity of
those changes.

Muscle spindles are small, encapsulated receptors com-
posed of afferent sensory fiber endings, efferent motor fiber
endings, and specialized muscle fibers called intrafusal fibers.
Intrafusal muscle fibers are bundled together and lie between
and parallel to the extrafusal muscle fibers that make up the
main body of a skeletal muscle.60,73,94,119 Intrafusal muscle
fibers connect at their ends to extrafusal muscle fibers, so
when a muscle is stretched, intrafusal fibers are also stretched.
Intrafusal muscle fibers can also contract, but only their ends
(polar regions), not their central portion (equatorial region),
are contractile. Consequently, when an intrafusal muscle fiber
is stimulated and contracts, it lengthens the central portion
and activates the sensory receptors in the nuclear bag and
chain. Small-diameter motor neurons, known as gamma
motor neurons, innervate the contractile polar regions of in-
trafusal muscle fibers and adjust the sensitivity of muscle
spindles to detect length changes. Large-diameter alpha motor
neurons innervate extrafusal fibers.

There are two general types of intrafusal muscle fibers: nu-
clear bag fibers and nuclear chain fibers, named based on the
arrangement of their nuclei in the equatorial region. Primary
(type Ia) afferent endings, which arise from nuclear bag fibers,
sense and cause muscle to respond to both quick and sus-
tained stretch. However, secondary (type II) afferents from
the nuclear chain fibers are sensitive only to sustained stretch.

Gamma
motor neurons

II afferent I� afferent

FIGURE 4.7 Muscle spindle showing intrafusal and extrafusal muscle fibers, stretch receptors, afferent and efferent nerve fibers, and spinal
cord processes. 
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functional goals, and capabilities of many patients. Each of
these determinants is discussed in this section of the chapter.

Most investigations comparing the type, intensity, dura-
tion, and frequency of effective stretching have been carried
out with healthy, young adults as subjects. The findings and
recommendations of these studies are difficult to generalize
and apply to patients with long-standing contractures or
other forms of tissue restriction. Therefore, many decisions,
particularly those related to the type, intensity, duration,
and frequency of stretching, must continue to be based on a
balance of scientific evidence and sound clinical judgments
by the therapist.

There are four broad categories of stretching exercises:
static stretching, cyclic (intermittent) stretching, ballistic
stretching, and stretching techniques based on the principles
of PNF.38,47,69,163 Each of these forms of stretching are effective
in elongating tissue and increasing ROM. Each can be accom-
plished in various ways—manually or mechanically, passively
or actively, and by a therapist or independently by a patient—
giving rise to many terms that are used in the literature to 
describe stretching interventions. The stretching interventions
listed in Box 4.4 are defined and discussed in this section.

Alignment and Stabilization
Just as appropriate alignment and effective stabilization are
fundamental components of muscle testing, goniometry, and
all therapeutic exercises, they are also essential elements of 
effective stretching.

Alignment
Proper alignment or positioning of the patient and the spe-
cific muscles and joints to be stretched is necessary for patient
comfort and stability during stretching. Alignment influences
the baseline amount of tension present in soft tissue and

Neurophysiological Response of Muscle 
to Stretch

Stretch reflex. When a quick or sustained stretch force is ap-
plied to a muscle-tendon unit, the primary and secondary 
afferents of intrafusal muscle fibers sense these length changes.
These afferent signals synapse with alpha motor neurons in
the spinal cord to activate extrafusal muscle fibers. This motor
response is known as the stretch reflex, defined as an increase
or facilitation of active tension in the muscle being stretched.
This increased tension resists lengthening and is thought to
compromise the effectiveness of the stretching procedure.8,43

When the stretch reflex is activated in a muscle being length-
ened, decreased activity (inhibition) in the muscle(s) on the
opposite side of the joint also may occur.94,148 This is referred
to as reciprocal inhibition but to date has only been docu-
mented in studies using animal models.22,131,152 To minimize
activation of the stretch reflex and the subsequent increase in
muscle tension, a slowly applied, low-intensity, prolonged
stretch is considered preferable to a quickly applied, short-
duration stretch.

Autogenic inhibition. In contrast, the GTO has an inhibitory
effect on the level of muscle tension in the muscle-tendon unit
in which it lies, particularly if the stretch force is prolonged.
This effect is called autogenic inhibition.60,94,119 Inhibition of
the contractile components of muscle by the GTO is thought
to contribute to reflexive muscle relaxation during a stretching
maneuver, enabling a muscle to be elongated against less mus-
cle tension. Consequently, if a low-intensity, slow stretch force
is applied to muscle, the stretch reflex is less likely to be acti-
vated as the GTO fires and inhibits tension in the muscle,
allowing the parallel elastic component (the sarcomeres) of
the muscle to remain relaxed and to lengthen.

In summary, current evidence suggests that improvement
in muscle extensibility attributed to stretching procedures is
more likely due to tensile stresses placed on the viscoelastic,
noncontractile connective tissue in and around muscle than
to inhibition (reflexive relaxation) of the contractile elements
of muscle.22,97,98,99,131

Determinants and Types 
of Stretching Exercises

There are a number of essential elements that determine the
effectiveness and outcomes of stretching interventions. The
determinants (parameters) of stretching, all of which are in-
terrelated, include alignment and stabilization of the body or
body segment during stretching; the intensity, duration, speed,
frequency, and mode of stretch; and the integration of neuro-
muscular factors and functional activities into stretching pro-
grams. By manipulating the determinants of stretching
interventions, which are defined in Box 4.3, a therapist has
many options from which to choose when designing stretch-
ing programs that are safe and effective and meet the needs,

BOX 4.3 Determinants of Stretching
Interventions

■ Alignment: Positioning a limb or the body such that the
stretch force is directed to the appropriate muscle group.

■ Stabilization: Fixation of a bony segment that has an
attachment of the muscle to be stretched.

■ Intensity of stretch: Magnitude of the stretch force applied.
■ Duration of stretch: Length of time the stretch force is

applied during a stretch cycle.
■ Speed of stretch: Rate of initial application of the stretch

force.
■ Frequency of stretch: Number of stretching sessions per

day or per week.
■ Mode of stretch: Form or manner in which the stretch

force is applied (static, ballistic, or cyclic), degree of patient
participation (passive, assisted, or active), or the source of
the stretch force (manual, mechanical, or self).
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consequently affects the available joint ROM. In addition to
the alignment of the muscles and joint to be stretched, the
alignment of the trunk and adjacent joints must also be con-
sidered. For example, to effectively stretch the rectus femoris,
a muscle that crosses two joints, the lumbar spine and pelvis,
should be maintained in a neutral position as the knee is flexed
and the hip extended. Because effective stretching requires
maximizing the distance between origin and insertion, align-
ment that compromises this requirement—such as pelvis
anterior tilt or hip flexion or abduction in our example—
must be avoided (Fig. 4.8 A and B). Similarly, when a patient
is self-stretching to increase shoulder flexion, the trunk should
be erect, not slumped (Fig. 4.9 A and B).

NOTE: Throughout this and later chapters, recommendations
for appropriate alignment and positioning during stretching pro-
cedures are identified. If it is not possible for a patient to attain

the recommended postures because of discomfort, restrictions
of motion of adjacent joints, inadequate neuromuscular control,
or insufficient cardiopulmonary capacity, the therapist must crit-
ically analyze the situation to determine an alternative position.

Stabilization
To achieve an effective stretch of a specific muscle or muscle
group and associated periarticular structures, it is imperative to
stabilize (fixate) either the proximal or distal attachment site of
the muscle-tendon unit being elongated. Without stabilization,
the attachment sites are free to move with the tissue, reducing
the ability to effectively maximize the origin-insertion distance.
Either site may be stabilized, but for manual stretching, it is com-
mon for a therapist to stabilize the proximal attachment and
move the distal segment, as shown in Figure 4.10 A.

For self-stretching procedures, a stationary object, such as
a chair or a doorframe, or active muscle contractions by the
patient may provide stabilization of one segment as the other
segment moves. During self-stretching, it is often the distal
attachment that is stabilized as the proximal segment moves
(Fig. 4.10 B).

Stabilization of multiple body segments also helps maintain
the proper alignment necessary for an effective stretch. For 
example, when stretching the iliopsoas, the pelvis and lumbar
spine must maintain a neutral position as the hip is extended
to avoid stress to the low back region (see Fig. 4.26). Sources
of stabilization include manual contacts; straps or belts; body
weight; or a firm surface, such as a table, wall, or floor.

Intensity of Stretch
The intensity of a stretch is determined by the tensile load
placed on soft tissue to elongate it. There is general agreement
among clinicians and researchers that stretching should be

96 Determinants and Types of Stretching Exercises

BOX 4.4 Types of Stretching

■ Static stretching
■ Cyclic/intermittent stretching
■ Ballistic stretching
■ Proprioceptive neuromuscular facilitation stretching

procedures (PNF stretching)
■ Manual stretching
■ Mechanical stretching
■ Self-stretching
■ Passive stretching
■ Active stretching

FIGURE 4.8 (A) Correct alignment when stretching the rectus
femoris: The lumbar spine, pelvis, and hip are held in a neutral 
position as the knee is flexed. (B) Incorrect position of the hip in 
flexion. In addition, avoid anterior pelvic tilt, hyperextension of 
the lumbar spine, and abduction of the hip.

FIGURE 4.9 (A) Correct alignment when stretching to increase
shoulder flexion: Note that the cervical and thoracic spine is erect.
(B) Incorrect alignment: Note the forward head and rounded spine.
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applied at a low intensity by means of a low load.2,12,14,28,47,69,92

Low-intensity stretching in comparison to high-intensity
stretching is more comfortable for the patient and minimizes
voluntary or involuntary muscle guarding, enabling the patient
to remain relaxed or assist with the stretching maneuver.

Low-intensity stretching results in optimal rates of im-
provement in ROM without exposing tissues, possibly weak-
ened by immobilization, to excessive loads and potential
injury.92 Low-intensity stretching has also been shown to
elongate dense connective tissue, a significant component of
chronic contractures, more effectively and with less soft tis-
sue damage and post-exercise soreness than a high-intensity
stretch.4

Duration of Stretch
One of the most important decisions a therapist makes when
selecting and implementing a stretching intervention is the 
duration of stretch that is expected to be safe, effective, practi-
cal, and efficient for each situation. The duration of stretch
refers to the period of time a stretch force is applied and tissues
are held in a lengthened position. Duration most often refers
to how long a single cycle of stretch is applied. If more than 
one repetition of stretch (stretch cycle) is carried out during a
treatment session, the cumulative time of all the stretch cycles 
reflects the total duration of stretch, also referred to as the total
elongation time. In general, the shorter the duration of a single
stretch cycle, the greater the number of repetitions needed dur-
ing a stretching session. Many combinations of duration and
cycle have been studied to determine optimal effectiveness.

 FOCUS ON EVIDENCE
In a study by Cipriani and associates,25 two repetitions of 
30-second hamstring stretches were found to be equally effec-
tive as six repetitions of 10-second stretches. Similarly, Johnson
et al reported that three 30-second stretches were equally effec-
tive as nine 10-second stretches for increasing hamstring
length,76 while Sainz de Baranda and associates showed that
180 seconds of daily stretch was also effective to increase
hamstring length regardless of whether the individual stretch
repetitions were of 15, 30, or 45 seconds.127 In contrast, Roberts
and Wilson122 found that over the course of a 5-week period
and equal total duration times, three 15-second hamstring
stretches each day yielded significantly greater stretch-induced
gains in ROM than nine daily 5-second stretches.

Despite many studies over several decades, there is lack of
agreement on the ideal combination of single stretch duration
and number of stretch repetitions that leads to the greatest
and most sustained stretch-induced gains in ROM or reduc-
tion of muscle stiffness. Ultimately, the duration of stretch
must be applied in context with the other stretching param-
eters of intensity, frequency, and mode. Key findings from a
number of studies are summarized in Box 4.5.

Several descriptors are used to differentiate between a
long-duration versus a short-duration stretch. Terms such
as static, sustained, maintained, and prolonged are used to 
describe a long-duration stretch, whereas terms such as cyclic,
intermittent, or ballistic are used to characterize a short-duration
stretch. There is no specific time period assigned to any of these
descriptors, nor is there a time frame that distinguishes a
long-duration from a short-duration stretch.

Static Stretching
Static stretching* is a commonly used method of stretching
in which soft tissues are elongated just beyond the point of
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FIGURE 4.10 (A) The proximal attachment (femur and pelvis) of 
the muscle being stretched (the quadriceps) is stabilized as the 
distal segment is moved to increase knee flexion. (B) During this 
self-stretch of the quadriceps, the distal segment (tibia) is stabilized
through the foot as the patient moves the proximal segment (femur)
by lunging forward.

A

B

*2,7,8,25,38,42,43,52,87,107,110,122,151,161
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BOX 4.5 Intensity, Duration, Frequency, and Mode of Stretch—Evidence-Based Interrelationships
and Impact on Stretching Outcomes

■ There is an inverse relationship between intensity and
duration as well as between intensity and frequency of
stretch.
■ The lower the intensity of stretch, the longer the time the

patient will tolerate stretching and the soft tissues can be
held in a lengthened position.

■ The higher the intensity, the less frequently the stretching
intervention can be applied to allow time for tissue healing
and resolution of residual muscle soreness.

■ A low-load, long-duration stretch is considered the safest form
of stretch and yields the most significant, elastic deformation
and long-term, plastic changes in soft tissues.

■ Manual stretching and self-stretching in hypomobile but
healthy subjects7-9,25,52 and prolonged mechanical stretching
in patients with chronic contractures72,75,92,102 yield significant
stretch-induced gains in ROM.

■ In the well elderly, stretch cycles of 15, 30, and 60 seconds
applied to the hamstrings for four repetitions have all been
shown to produce significant gains in ROM with the greatest
and longest-lasting improvements occurring with the use of
repeated 60-second stretch cycles.52

■ In healthy young and/or middle-age adults:
■ Stretch durations of 15, 30, 45, 60, or 120 seconds to lower

extremity musculature produced significant gains in
ROM.7,25,43,156

■ Stretch cycles of 30- and 60-second durations applied to the
hamstrings for one repetition daily are both more effective
for increasing ROM than one repetition daily of a 15-second
stretch cycle but are equally effective when compared with
each other.7,9

■ Two repetitions daily of a 30-second static stretch of the
hamstrings yield significant gains in hamstring flexibility

similar to those seen with six repetitions of 10-second static
stretches daily.25

■ There seems to be no additional benefit to holding each
stretch cycle beyond 60 seconds.7,83

■ Three cycles of 30-second and 1-minute stretches are no
more effective for improving ROM than one cycle of each
duration of stretch.7

■ Longer total durations of passive stretch yield longer-lasting
decreases in muscle-tendon stiffness than short-duration
stretches.56,97,125

■ A 2-minute passive stretch yields only a transient decrease
in stiffness of the gastrocnemius muscle of healthy, young
adults, whereas 4-minute and 8-minute stretches reduce
stiffness for up to 20 minutes after stretching.125

■ When the total duration of stretch (total elongation time) is
equal, cyclic stretching is equally effective and possibly more
comfortable than static stretching.135

■ For patients with chronic, fibrotic contractures:
■ Common durations of manual stretching or self-stretching

(several repetitions of 15-second or 30-second stretches)
may not be effective. 92,107

■ Use of prolonged static stretch with orthotics or casts is
more effective.75,92,102

■ Frequency of stretching needs to occur a minimum of two
times per week for healthy hypomobile individuals, but more
frequent stretching is necessary for patients with soft tissue
pathology to achieve gains in ROM.9

■ Although stretch-induced gains in ROM often persist for
several weeks to a month in healthy adults after cessation of a
stretching program, permanent improvement in mobility can
be achieved only by use of the newly gained ROM in functional
activities and/or with a maintenance stretching program.156

tissue resistance and then held in the lengthened position with
a sustained stretch force over a period of time. The duration of
static stretch can be predetermined prior to stretching or be
based on the patient’s tolerance and response during the stretch.

There is considerable variability in defining the duration
of a static stretch. The term has been used to describe a single
stretch cycle ranging from as short as 5 seconds to as long 
as 5 minutes per repetition when either a manual stretch or
self-stretch is employed.† If a mechanical device provides the
static stretch, the time frame can range from almost an hour
to several days or weeks.15,72,75,92,101 (See additional informa-
tion on mechanical stretching later in this section.)

 FOCUS ON EVIDENCE
In a systematic review of the effectiveness of hamstring
stretching,38 a 30-second manual or self-stretch performed

for one or more repetitions was the most frequently used 
duration per repetition of static stretch. A median duration
of 30-seconds per repetition has also been reported in a review
on calf muscle stretching effectiveness.161

Static stretching is well accepted as an effective method to
increase flexibility and ROM2,38,69,70,87,110,125,152 and is consid-
ered safer than ballistic stretching.42 Early research established
that tension created in muscle during static stretching is 
approximately half that created during ballistic stretching.149

This is consistent with our current understanding of the
viscoelastic properties of connective tissue, which lies in and
around muscles, and of the neurophysiological properties of
the contractile elements of muscle.

As described earlier in this chapter, noncontractile soft
tissues are known to yield to a low-intensity, continuously 
applied stretch force, as used in static stretching. Furthermore,
a low-intensity, slowly applied, continuous, end-range static
stretch does not appear to cause significant neuromuscular
activation of the stretched muscle.22,99 However, the assertion†7,8,14,25,52,87,92,110,122,151,161
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that static stretching contributes to neuromuscular relaxation
(inhibition) of the stretched muscle through activation of the
GTO is not supported by experimental evidence in human
research studies.22,131

Static Progressive Stretching
Static progressive stretching is a term that characterizes how
static stretching is applied for maximum effectiveness. The
shortened soft tissues are held in a comfortably lengthened
position until a degree of relaxation is felt by the patient 
or therapist. Then the shortened tissues are incrementally
lengthened even further and again held in the new end-range
position for an additional duration of time.15,75 This approach
involves periodically adjusting joint or segment alignment
to increase the stretch force and capitalize on the stress-
relaxation properties of soft tissue102 (see Fig. 4.4B).

Most studies that have explored the merits of static progres-
sive stretching have examined the effectiveness of a dynamic
orthosis (see Fig. 4.13), which allows the patient to control the
degree of joint angular displacement.15,75 Manual stretching
and self-stretching are also routinely applied in this manner.

Cyclic (Intermittent) Stretching
A relatively short-duration stretch force that is repeatedly 
but gradually applied, released, and then reapplied multiple
times during a single treatment session is described as a cyclic
(intermittent) stretch.50,103,135 With cyclic stretching, the end-
range stretch force is applied at a slow velocity, in a controlled
manner, and at relatively low intensity. For these reasons,
cyclic stretching is not synonymous with ballistic stretching,
which is characterized by high-velocity movements.

There is no clear differentiation between cyclic stretching and
static stretching that is repeated several times during a treatment
session. According to some authors, in cyclic stretching, each
cycle of stretch is held between 5 and 10 seconds.50,135 How-
ever, others refer to stretches of 5- and 10-second duration as
static.25,122 There is also no consensus on the minimum number
of repetitions during a treatment session needed to differentiate
cyclic stretching from static stretching. In practice, this deter-
mination is often based on the patient’s response to stretching.

Although the evidence is limited, cyclic loading has been
shown to increase flexibility as effectively or more effectively
than static stretching.103,135

 FOCUS ON EVIDENCE
In a study of nonimpaired young adults, 60 seconds of cyclic
stretching of calf muscles caused tissues to yield at slightly lower
loads than one 60-second, two 30-second, or four 15-second
static stretches, possibly due to decreased muscle stiffness.103 In
another study that compared cyclic to static stretching,135 the
authors speculated that heat production might occur because
of the movement inherent in cyclic stretching and cause soft
tissues to yield more readily to stretch. The authors of the latter
study also concluded that cyclic stretching was more comfort-
able than a prolonged static stretch.

Speed of Stretch
Importance of a Slowly Applied Stretch
To minimize muscle activation during stretching and reduce
the risk of injury to tissues and poststretch muscle soreness,
a stretch force should be applied and released at a slow rate.
A slowly applied stretch is less likely to increase tensile stresses
on connective tissues97,98 or to activate the stretch reflex. A
slowly applied stretch also moderates the viscoelastic effects
of connective tissue, making them more compliant. In addi-
tion, a stretch force applied at a low velocity is easier for the
therapist or patient to control making it safer than a high-
velocity stretch.

Ballistic Stretching
A rapid, forceful intermittent stretch—that is, a high-velocity
and high-intensity stretch—is commonly called ballistic
stretching.2,7,8,47,163 It is characterized by fast joint movement
that quickly elongates the targeted soft tissues. For example,
a rapidly produced straight leg raise can be used to ballistically
stretch the hamstrings. Although both static and ballistic
stretching have been shown to improve flexibility equally,
ballistic stretching is thought to cause greater trauma to
stretched tissues and greater residual muscle soreness than
static stretching.153

Dynamic stretching, noted earlier as a stretch shown to
enhance performance, uses controlled movement to stretch
muscle groups.54 Dynamic stretching is similar to ballistic
stretching in that it moves the joint through its ROM, yet
differs by doing so at low velocities and intensities. As 
dynamic stretching is emerging as a viable replacement for
static stretching prior to athletic activities,9 it may also have
the potential to be appropriate for general fitness or rehabil-
itation programs. 

Although ballistic stretching safely increases ROM in young,
healthy subjects participating in a conditioning program,65 it
is, for the most part, not recommended for elderly or sedentary
individuals or patients with musculoskeletal pathology or
chronic contractures. The rationale for this recommendation
is based on the following:33

■  Tissues weakened by immobilization or disuse are easily
injured.

■  Dense connective tissue found in chronic contractures
does not yield easily with high-intensity, short-duration
stretch; rather, it becomes more brittle and tears more
readily.

High-Velocity Stretching in Conditioning
Programs and Advanced-Phase Rehabilitation
Although controversial, there are situations in which high-
velocity stretching is appropriate for certain individuals. For
example, a highly trained athlete involved in a sport, such as
gymnastics, that requires significant dynamic flexibility may
need to incorporate high-velocity stretching in a conditioning
program. Also, a young, active patient in the final phase of 
rehabilitation who wishes to return to high-demand recre-
ational or sport activities after a musculoskeletal injury may
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need to perform carefully progressed, high-velocity stretching
activities prior to beginning plyometric training or simulated,
sport-specific exercises or drills.

When high-velocity stretching is deemed appropriate,
low-intensity stretches are recommended while paying close
attention to effective stabilization. The following self-stretching
progression is designed to improve dynamic flexibility using
a transition from static stretching to dynamic stretching and
then to ballistic stretching.163

■  Static stretching → Slow, short end-range stretching → Slow,
full-range stretching → Fast, short end-range stretching →
Fast, full-range stretching.

■  The stretch force is initiated by having the individual ac-
tively contract the muscle group opposite the muscle and
connective tissues to be stretched.

Frequency of Stretch
Frequency of stretching refers to the number of individual
sessions per day or per week that a patient carries out the
planned intervention. The optimal frequency of stretching is
based on factors such as the underlying cause of impaired
mobility, the quality and level of tissue healing, and the chronic-
ity and severity of a contracture, as well as a patient’s age,
use of corticosteroids, and previous response to stretching.
Because few studies have attempted to determine the optimal
frequency of stretching within a day or a week, decisions on
treatment frequency often depend on experience and best
judgment. Frequency typically ranges from two to five sessions
per week with time between sessions as needed for tissue heal-
ing and to minimize post-exercise soreness. Ultimately, the
decision is based on the clinical discretion of the therapist and
the response and needs of the patient.

A therapist must be aware of signs of tissue damage that may
result from repetitive stretching. The correct balance between
collagen tissue microfailure and subsequent repair is needed to
allow an increase in soft tissue lengthening. With excessive load-
ing frequency, tissue breakdown may exceed repair and tissue
macrofailure becomes possible. In addition, if there is pro-
gressive loss of ROM over time rather than a gain in range, con-
tinued low-grade inflammation from repetitive stress may be
causing excessive collagen formation and hypertrophic scarring.

Mode of Stretch
Stretching exercises can be executed in a variety of ways. The
mode of stretch refers to how the stretch force is applied and
who is actively participating in the process. Categories in-
clude, but are not limited to, manual and mechanical stretching
or self-stretching, as well as passive, assisted, or active stretching.
Regardless of the mode of stretching selected and imple-
mented, it is imperative that the shortened muscle remains
relaxed and that the restricted connective tissues yield as easily
as possible to the stretch. To facilitate this, stretching should

be preceded by either low-intensity active exercise or thera-
peutic heat to warm the tissues that are to be lengthened.

There is no best form or type of stretching. What is im-
portant is that the therapist and patient have many modes of
stretching from which to choose. Box 4.6 lists some questions
a therapist needs to answer to determine which forms of
stretching are most appropriate and likely to be most effective
for each patient at different stages of a rehabilitation program.

Manual Stretching
Characteristics. During manual stretching, the clinician or
caregiver applies an external force that lengthens the targeted
tissue beyond the point of tissue resistance. The therapist
manually controls the site of stabilization and the direction,
rate of application, intensity, and duration of stretch. Manual
stretching can be performed passively, with assistance from
the patient, or even independently by the patient.

Manual stretching typically employs a controlled, static
stretch applied at an intensity consistent with the patient’s
comfort level. It is held for 15 to 60 seconds and repeated for
at least several repetitions. The intensity is often increased as
tolerated for subsequent repetitions in an effort to achieve
progressive lengthening.

CLINICAL TIP
Remember—stretching and ROM exercises are not synony-
mous terms. Stretching takes soft tissue structures beyond their
available length to increase ROM. ROM exercises stay within
the limits of available tissue length to maintain mobility.
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BOX 4.6 Considerations for Selecting
Methods of Stretching

■ Based on the results of your examination, what tissues are
involved and impairing mobility?

■ Is there evidence of pain or inflammation?
■ How long has the hypomobility existed?
■ What is the stage of healing of restricted tissues?
■ What form(s) of stretching have been implemented

previously? How did the patient respond?
■ Are there any underlying diseases, disorders, or deformities

that might affect the choice of stretching procedures?
■ Does the patient have the ability to actively participate in,

assist with, or independently perform the exercises?
Consider the patient’s physical capabilities, age, ability to
cooperate, or ability to follow and remember instructions.

■ Is assistance from a therapist or caregiver necessary to
execute the stretching procedures and appropriate
stabilization? If so, what is the size and strength of the
therapist or the caregiver who is assisting the patient with
a stretching program?
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Effectiveness. Despite widespread use of manual stretching
by clinicians, its effectiveness for increasing tissue extensibility
is debatable. Although some investigators43 report that man-
ual stretching increases muscle length and ROM in nonim-
paired subjects, other investigators have reported a negligible
effect from manual stretching,61 especially in the presence of
long-standing contractures associated with tissue pathology.92

The short duration of typical manual stretching may be respon-
sible for these disparate outcomes.

Application. The following are points to consider about the
use of manual stretching:

■  Manual stretching may be most appropriate in the early
stages of a stretching program when a therapist wants to
determine how a patient responds to varying intensities or
durations of stretch and when optimal stabilization is most
critical.

■  Passive manual stretching by the therapist or caregiver is
appropriate if a patient lacks neuromuscular control of
the body segment to be stretched and cannot perform a
self-stretch.

■  When the patient has adequate neuromuscular control of
the body segment to be stretched, it is often helpful to ask
them to assist the therapist with the stretch, particularly if
the patient is apprehensive about moving or having difficulty
relaxing. When the patient concentrically contracts the mus-
cle opposite the target muscle to assist with joint movement,
the target muscle tends to relax reflexively and allow elon-
gation. This is one of several stretching procedures based on
PNF techniques that are discussed later in this chapter.

■  Using procedures and hand placements similar to those 
described for self-ROM exercises (see Chapter 3), the pa-
tient can also independently lengthen target muscles and
periarticular tissues with manual stretching. This is usually
described as self-stretching and is discussed in more detail
as the next topic in this section.

NOTE: Specific guidelines for the application of manual stretch-
ing, as well as descriptions and illustrations of manual stretch-
ing techniques for the extremities (Figs. 4.16 through 4.34), are
presented in later sections of this chapter.

Self-Stretching
Characteristics. Self-stretching (also referred to as flexibility
exercises or active stretching) is a type of stretching procedure
done independently by the patient after careful instruction
and supervised practice. Self-stretching enables the patient to
maintain or increase the extensibility gained as the result of
direct intervention by a therapist. This form of stretching is
often an integral component of a home exercise program and
is necessary for long-term self-management of many muscu-
loskeletal and neuromuscular disorders.

Effectiveness. To facilitate effectiveness, the patient must be
taught to perform self-stretching procedures correctly and

safely. Factors identified earlier in the chapter such as align-
ment, stabilization, intensity, dose, and mode must all be 
addressed with the patient to prevent re-injury and maintain
function. 

Application. The guidelines for the intensity, speed, dura-
tion, and frequency that apply to manual stretching are also
appropriate for self-stretching. Static stretching for a 30- to
60-second duration per repetition is considered the safest type
of self-stretching.

Self-stretching can be carried out in several ways:

■  Using positions for self-ROM exercises described in
Chapter 3, a patient can passively move the distal segment
of a restricted joint with one or both hands to elongate a
shortened muscle while stabilizing the proximal segment
(Fig. 4.11 A).
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A

FIGURE 4.11 (A) When manually self-stretching the adductors 
and internal rotators of the hip, the patient moves the distal segment
(femur) while stabilizing the proximal segment (pelvis) with body
weight.

■  If the distal attachment of a shortened muscle is stabilized
on a support surface, body weight can be used as the source
of the stretch force to elongate the shortened muscle-tendon
unit (Fig. 4.11 B).

■  Neuromuscular inhibition, using PNF stretching tech-
niques, can be integrated into self-stretching procedures to
promote relaxation in the muscle that is being elongated.

■  Low-intensity active stretching (referred to by some as 
dynamic ROM8), using repeated, short-duration, end-range
active muscle contractions of the muscle opposite the target
muscle is another form of self-stretching exercise.8,151,158
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Each form of mechanical stretching listed below has been
shown to be effective, particularly in reducing long-standing
contractures:

■  Stretch force applied with a cuff weight (Fig. 4.12) as low
as a few pounds.92

■  Devices such as the Joint Active SystemsTM adjustable 
orthosis (Fig. 4.13) allow a patient to control and adjust
the stretch force during a session.15,75

■  Orthotics with a preset load that remains constant while
the orthotic is in place.

Duration of Mechanical Stretch
Mechanical stretching involves a substantially longer overall
duration of stretch than is practical with manual stretching or
self-stretching exercises. Mechanical stretch durations reported
in the literature range from 15 to 30 minutes to as long as 8 to
10 hours per session15,56,75 or continuous throughout the day
except for time out of the device for hygiene and exercise.12

102 Determinants and Types of Stretching Exercises

FIGURE 4.11—cont’d (B) When self-stretching the hamstrings, the
distal segment (tibia) is stabilized through the foot on the surface of a
chair as the patient bends forward and moves the proximal segment.
The weight of the upper body is the source of the stretch force.

Mechanical Stretching
Characteristics. Mechanical stretching devices apply a very
low-intensity stretch force over a prolonged period of time 
to create relatively permanent lengthening of soft tissues, 
presumably due to plastic deformation.

There are many ways to use equipment to stretch short-
ened tissues and increase ROM. The equipment can be as
simple as a cuff weight or weight-pulley system or as sophis-
ticated as some adjustable orthotic devices or automated
stretching machines.12,15,75,89,92,101,135 These mechanical
stretching devices provide either a constant load with vari-
able displacement or constant displacement with variable
loads.

Effectiveness. Studies15,75 about the efficacy of the two cat-
egories of mechanical loading devices base their effective-
ness on the short-term soft tissue properties of either creep
or stress-relaxation and on the long-term effects of plastic
deformation.

Be cautious when interpreting studies or product infor-
mation reporting “permanent” lengthening through the use
of mechanical stretching devices. The term permanent may
mean that length increases were maintained for as little as a
few days or a week after discontinuing use of a stretching 
device, while long-term follow-up may indicate that tissues
have returned to their shortened state. 

Application. It is often the responsibility of a therapist to 
recommend the type of stretching device that is most suitable
to the patient and to teach them how to safely use and mon-
itor the equipment in the home setting. A therapist may also
be involved in the fabrication of serial casts or orthoses used
for mechanical stretching.

FIGURE 4.12 Low-load mechanical stretch with a cuff weight and
self-stabilization of the proximal humerus to stretch the elbow 
flexors and increase end-range elbow extension.

FIGURE 4.13 JAS orthosis is a patient-directed device that applies 
a static progressive stretch. (Courtesy of Joint Active Systems, 
Effingham, IL.)

B
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Serial casts are worn for days or weeks before being removed
and then reapplied.72 The duration is dependent on the type
of device; patient tolerance; and the cause, severity, and
chronicity of impairment. Longer duration stretches are typi-
cally required for patients with chronic contractures stemming
from neurological or musculoskeletal disorders rather than
healthy subjects with mild hypomobility.15,72,75,92,102,107

 FOCUS ON EVIDENCE
Light and colleagues92 compared the effects of mechanical
and manual stretching on nonambulatory elderly nursing
home residents with long-standing bilateral knee flexion con-
tractures. Both types of stretches were applied twice a day, 
5 days per week, for a 4-week period. Low-intensity, pro-
longed mechanical stretching (a 5- to 12-lb stretch force 
applied by a weight-pulley system for 1 hour) was applied to
one knee, and manual passive stretching was applied to the
other knee by a therapist (three repetitions of 1-minute static
stretches). At the conclusion of the study, the mechanical
stretching procedure was found to be considerably more 
effective than the manual stretching procedure for reducing
knee flexion contractures. The subjects also reported that the
prolonged mechanical stretch was more comfortable than the
manual stretching procedure. The investigators recognized
that the total duration of mechanical stretch (40 hours) was
substantially longer over the course of the study than the total
duration of manual stretch (2 hours) but believed that the
manual stretching procedures were practical and typical of
the clinical setting.

Proprioceptive Neuromuscular
Facilitation Stretching Techniques
PNF stretching techniques,22,69,99,115,131 sometimes referred 
to as active stretching158 or facilitative stretching,117 integrate
active muscle contractions into stretching. These techniques
are used to inhibit or facilitate muscle activation and to in-
crease the likelihood that the muscle to be lengthened remains
as relaxed as possible as it is stretched.

The traditional explanation of the underlying mechanisms
of PNF stretching is that reflexive muscle relaxation occurs
during the stretch as the result of autogenic or reciprocal 
inhibition. This inhibition leads to decreased tension in muscle
fibers and decreased resistance to elongation by the contractile
elements of the target muscle. However, this explanation has
come into question in recent years.

Current thinking suggests that gains in ROM during or
following PNF stretching techniques cannot be attributed
solely to autogenic or reciprocal inhibition, which involves
the spinal processing of proprioceptive information. Rather,
increased ROM is the result of more complex mechanisms 
of sensorimotor processing, most likely combined with visco -
elastic adaptation of the muscle-tendon unit and increases in
the patient’s tolerance to stretching.22,99,131 Regardless of these

competing explanations, numerous studies have demon-
strated that the various PNF stretching techniques can increase
flexibility and ROM.8,36,50,115,158 However, the degree of
neuromuscular relaxation associated with the PNF stretching
maneuvers investigated was not determined in these studies.
There is also some evidence99 that PNF stretching yields
greater gains in ROM than static stretching, but there is 
no consensus on whether one PNF technique is significantly
superior to another.

Types of PNF Stretching VIDEO 4.1
There are several types of PNF stretching procedures, all of
which have been shown to improve ROM. They include:

■  Hold-relax (HR) or contract-relax (CR)
■  Agonist contraction (AC)
■  Hold-relax with agonist contraction (HR-AC)

With classic PNF, these techniques are always performed with
combined muscle groups acting in diagonal patterns.117,118,148

Over time the techniques have been modified by clinicians and
others to include stretching in a single plane or opposite the
line of pull of a specific muscle group.8,27,63,71,99,115,158 (For a
description of the PNF diagonal patterns, refer to Chapter 6.)

CLINICAL TIP
PNF stretching techniques require that a patient has normal
innervation and voluntary control of either the range-limiting
target muscle or the muscle on the opposite side of the
joint. As such, these techniques cannot be used effectively for 
patients with paralysis or spasticity resulting from neuro-
muscular diseases or injury. Furthermore, because PNF
stretching procedures are designed to affect the contractile
elements of muscle, as opposed to noncontractile connective
tissues, they are more appropriate to use when muscle spasm
limits motion and less appropriate for long-standing fibrotic
contractures.

Hold-Relax and Contract-Relax
With the HR and CR procedures,27,71,99,115,117,118 the range-
limiting target muscle is first lengthened to the point of tissue
resistance or to the extent that is comfortable for the patient.
The patient then actively performs a prestretch, end-range, iso-
metric contraction of the range-limiting target muscle against
manual resistance applied by the clinician. This contraction
is held for about 5 seconds and followed by voluntary relax-
ation of the target muscle. The limb is then passively moved
by the clinician into the new range as the range-limiting
muscle is elongated. Clinicians with experience using PNF 
report that the HR and CR techniques appear to make passive
elongation of muscles more comfortable for a patient than
manual passive stretching.71 A sequence for using the HR and
CR technique to stretch shortened pectoralis major muscles
bilaterally and increase horizontal abduction of the shoulders
is illustrated in Figure 4.14.
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NOTE: Although the terms CR and HR often are used interchange-
ably, in classic PNF the technique descriptions are not identical.
Both techniques are performed in diagonal patterns, but in the
CR technique, the axial rotators of the limb are allowed to contract
concentrically in the prestretch phase, while all other muscle
groups of the diagonal pattern contract isometrically. In contrast,
the prestretch isometric contraction occurs in all muscles of the
diagonal pattern during the HR technique.118,148

As noted earlier, the traditional explanation for PNF 
effectiveness is that neuromuscular relaxation results from
autogenic inhibition following the prestretch isometric con-
traction of the target muscle.95,117,118 Some investigators99

have challenged this assumption, attributing the gains in flex-
ibility to the viscoelastic properties of the muscle-tendon unit.
These studies report a postcontraction sensory discharge (in-
creased EMG activity) in the range-limiting muscle after the
prestretch contraction, suggesting that the muscle was not 
reflexively relaxed prior to stretch. However, the results of 
another study28 indicated no evidence of a postcontraction
elevation in EMG activity with the HR or CR techniques.

In light of the mixed evidence about the extent of neuro-
muscular relaxation achieved after the prestretch contraction,
practitioners must determine the effectiveness of the HR or
CR techniques based on the responses of their patients.

PRECAUTION: Multiple repetitions of maximal prestretch 
isometric contractions have been shown to result in an acute

increase in arterial blood pressure, most notably after the third
repetition.29

CLINICAL TIP
It is not necessary for the patient to perform a maximal iso-
metric contraction of the range-limiting target muscle prior to
stretch. To minimize the adverse effects of the Valsalva maneu-
ver (elevation in blood pressure associated with a high-intensity
effort), have the patient breathe regularly while performing sub-
maximal (low-intensity) isometric contractions held for about
5 seconds with each repetition of the HR or CR procedure.
From a practical perspective, a submaximal contraction is also
easier for the therapist to control if the patient is strong. 

Agonist Contraction
Another PNF stretching technique is the agonist contraction
(AC), a term that may be misleading.28,71,115 The “agonist” in
this case refers to the muscle opposite the range-limiting target
muscle, while the “antagonist” refers to the range-limiting mus-
cle. It may help to frame this paradigm as the short muscle (the
antagonist) preventing the prime mover (the agonist) from 
actively achieving full movement. Dynamic ROM (DROM)8

and active stretching158 are other terms that have been used to
describe the AC procedure.
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FIGURE 4.14 Hold-relax (HR) procedure to stretch the pectoralis major muscles bilaterally. (A) The therapist horizontally abducts the shoul-
ders bilaterally to a comfortable position. The patient isometrically contracts the pectoralis major muscles against the therapist’s resistance 
for about 5 to 10 seconds. (B) The patient relaxes voluntarily, and the therapist passively lengthens the pectoralis major muscles by horizontally
abducting the shoulders into the newly gained range. After a 10-second rest with the muscles maintained in a comfortably lengthened position,
the entire sequence is repeated several times.

A B
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With the AC procedure, the patient concentrically contracts
(shortens) the muscle opposite the range-limiting muscle and
then holds the end-range position for at least several sec-
onds.22,28,71,115 The movement of the limb is controlled inde-
pendently by the patient and is deliberate and slow, not ballistic.
In most instances, the shortening contraction is performed
without the addition of resistance. For example, if the hip flex-
ors are the range-limiting target muscle group, the patient per-
forms end-range prone leg lifts by contracting the hip extensors
concentrically and holding at the end range for several seconds.
After a brief rest period, the patient repeats the procedure.

Increased muscle length and joint ROM using the AC 
procedure have been reported. However, when the effective-
ness of the AC technique has been compared with that of
static stretching, the evidence is mixed.

 FOCUS ON EVIDENCE
Two studies have compared the effect of the AC procedure, 
referred to as DROM, to static stretching of the hamstrings of
healthy subjects over a 6-week period. One study151 demon-
strated that DROM is as effective as static stretching, but the
other study8 showed that one daily session of a 30-second
static stretch was almost three times as effective in increasing
hamstring flexibility as was six repetitions of a 5-second end-
range DROM hold performed daily.

In a study of young adults with hypomobile hip flexors and
periodic lumbar or lower-quarter pain, investigators compared
active stretching with the AC procedure to static passive
stretching.158 Both techniques resulted in increased hip exten-
sion with no significant difference between the AC and passive
stretching groups.

In addition to the evidence related to the AC stretching
procedure, clinicians have observed the following:

■   The AC technique seems to be especially effective when sig-
nificant antagonist muscle guarding restricts muscle length-
ening and joint movement but is less effective in reducing
chronic contractures.

■  AC is also useful when the patient cannot generate a strong,
pain-free contraction of the range-limiting muscle, which
is needed for the HR and CR procedures.

■  AC is also useful for initiating neuromuscular control in
newly gained joint ROM to re-establish dynamic flexibility.

■  The AC technique is least effective if a patient has close to
normal flexibility.

PRECAUTION: Avoid full-range, ballistic movements when
performing concentric contractions of the agonist muscle group. 

CLINICAL TIP
If, while performing an AC technique, the agonist is contract-
ing in a very shortened position, have the patient rest after
each repetition to avoid muscle cramping. 

Classic PNF theory suggests that when the agonist is 
activated and contracts concentrically, the antagonist (the
range-limiting muscle) is reciprocally inhibited, allowing 
it to relax and lengthen more readily.117,122 However, the
theoretical mechanism of reciprocal inhibition has been
substantiated only in animal studies.119 Evidence of recip-
rocal inhibition during the AC procedure has not been
demonstrated in human subjects.22,119,131 In fact, increased
EMG activity, not reciprocal inhibition, has been identified
in the range-limiting muscle during the AC stretching 
procedure.28,115

Hold-Relax With Agonist Contraction
The HR-AC stretching technique combines the HR and 
AC procedures. The HR-AC technique is also referred to 
as the CR-AC procedure22 or the slow reversal hold-relax
technique.148 To perform the HR-AC procedure, move the
limb to the point that tissue resistance is felt in the range-
limiting target muscle; then have the patient perform a 
resisted, prestretch isometric contraction of the range-
limiting muscle, followed by voluntary relaxation of that
muscle and an immediate concentric contraction of the
muscle opposite the range-limiting muscle.28,117,148

For example, to stretch knee flexors, extend the patient’s
knee to a comfortable end-range position and then have the
patient perform an isometric contraction of the knee flex-
ors against resistance for about 5 seconds. Tell the patient
to voluntarily relax and then actively extend the knee as 
far as possible, holding any newly gained range for several
seconds.

 FOCUS ON EVIDENCE
Studies comparing two PNF stretching procedures have
produced differing results. In one study,50 the HR-AC tech-
nique produced a greater increase in ankle dorsiflexion
range than the HR technique alone, while both HR-AC and
HR alone produced a greater increase than manual passive
stretching. However, another study71 reported no signifi-
cant difference in ROM between the use of the HR and HR-
AC techniques.

PRECAUTIONS: Recognize the same precautions as described
for both the HR and AC procedures and follow the CLINICAL TIPS
to minimize complications and discomfort.

Integration of Function Into Stretching
Importance of Strength and Muscle
Endurance
As previously discussed, the strength of soft tissue is altered
when it is immobilized for a period of time.23,106 The magni-
tude of peak tension produced by muscle decreases, and the
tensile strength of noncontractile tissues decreases. A muscle
group that has been elongated while its opposing muscle
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group has been in a shortened state for an extended period
of time also becomes weak.82,90,91 Therefore, it is critical to 
include low-load resistance exercises to improve muscle per-
formance (strength and endurance) as early as possible in a
stretching program.

Initially, emphasis should be on developing neuromuscu-
lar control and strength of the agonist, the muscle group 
opposite the range-limiting target muscle. For example, 
if the elbow flexors are the range-limiting muscle group, 
emphasize contraction of the elbow extensors in the newly
gained range. Early use of the agonist enables the patient to
elongate the hypomobile structures actively and use the recently
gained ROM.

As ROM approaches a “normal” or functional level, the
muscles that were range limiting and then stretched must also
be strengthened to maintain an appropriate balance of strength
between agonists and antagonists throughout the ROM.
Manual and mechanical resistance exercises are effective ways
to load and strengthen muscles, but functional weight-bearing
activities, such as those mentioned below, will specifically
strengthen antigravity muscle groups.

Use of Increased Mobility for Functional
Activities
As mentioned previously, gains in flexibility and ROM
achieved as the result of a stretching program are transient,
lasting only about 4 weeks after the cessation of stretching.156

The most effective means of achieving permanent increases in
ROM and reducing functional limitations is to integrate func-
tional activities that use the newly gained range on a regular
basis into the stretching program. Use of functional activities
to maintain mobility also lends diversity and interest to a
stretching program, which may benefit patient compliance.

Active movements should be performed within the pain-
free ROM. As soon as even small increases in tissue extensi-
bility and ROM have been achieved, have the patient use the
gained range by performing motions that simulate functional
activities. Have the patient transition to using all of the avail-
able ROM while doing specific functional tasks when they
are ready.

Functional movements that are practiced should comple-
ment the stretching program. For example, if a patient has
been performing stretching exercises to increase shoulder 
mobility, have the patient fully use the available ROM by
reaching as far as possible behind the back and overhead when
grooming or dressing or by reaching for or placing objects 
on a high shelf (Fig. 4.15). Gradually increase the weight of
objects placed on or removed from a shelf to strengthen
shoulder musculature simultaneously.

If the focus of a stretching program has been to increase
knee flexion after removal of a long-leg cast, emphasize flexing
both knees before standing up from a chair or when stooping
to pick up an object from the floor. These weight-bearing 
activities also strengthen the quadriceps that were held in a
shortened position and likely became weak while the leg was
immobilized.

Procedural Guidelines for
Application of Stretching
Interventions

The following guidelines are central to the development and
implementation of stretching interventions. The results of an
examination and evaluation of a patient’s status determine the
need for and types of stretching procedures that will be most
effective in the patient’s plan of care. This section identifies gen-
eral guidelines to be addressed before, during, and after stretch-
ing procedures, as well as specific guidelines for the application
of manual stretching. Special considerations for teaching self-
stretching exercises to the patient and the use of mechanical
stretching devices are listed in Boxes 4.7 and 4.8.
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FIGURE 4.15 (A, B) Stretching-induced gains in ROM are used 
during daily activities.
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Examination and Evaluation 
of the Patient
■  Carefully review the patient’s history and perform a com-

prehensive systems review.
■  Select and perform appropriate tests and measurements. 

Determine the ROM available in involved and adjacent joints
and assess if active and/or passive mobility is impaired.

■  Determine if hypomobility is related to other impairments
of body structure or function and if it is causing activity
limitations or participation restrictions. 

■  Determine if soft tissues are the source of the impaired 
mobility. If so, differentiate between joint capsule, periar-
ticular structures, noncontractile tissue, and muscle length
restrictions as the cause of limited ROM. Be sure to assess
joint play and fascial mobility.

■  Evaluate the irritability of the involved tissues and estimate
their stage of healing. When moving the patient’s extremities

or spine, pay close attention to the patient’s reaction to
movements. This not only helps identify the stage of healing
of involved tissues; it also helps determine the probable
dosage (such as intensity and duration) of stretch that stays
within the patient’s comfort range.

■  Assess the strength of muscles in which there is motion
limitation and realistically consider the value of stretching
the range-limiting structures. Ideally, an individual should
have the capability of developing adequate strength to con-
trol and use any newly gained ROM safely.

■  Consider the outcome goals (i.e., functional improve-
ments) that the patient hopes to achieve as the result of the
intervention program and determine if those goals are 
realistic.

■  Analyze the impact of any factors that could adversely 
affect the projected outcomes of the stretching program.

Preparation for Stretching
■  Review the goals and desired outcomes of the stretching

program with the patient. Obtain the patient’s consent to
initiate treatment.

■  Select the stretching techniques that will be most effective
and efficient.
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BOX 4.7 Special Considerations for Teaching
Self-Stretching Exercises

■ Be sure to carefully teach the patient all elements of self-
stretching procedures, including appropriate alignment
and stabilization, intensity, duration, and frequency.
Because many self-stretching exercises are performed
using a portion of the body weight as the stretch force (by
moving the body over a fixed distal segment), emphasize
the importance of performing a slow, sustained stretch,
not a ballistic stretch that creates momentum and may
lengthen but can potentially injure hypomobile soft
tissues.

■ Make sure the patient is taught to carry out stretching
exercises on a firm, stable, comfortable surface to maintain
proper alignment.

■ Supervise the patient and make suggestions or corrections
to be certain the patient performs each exercise using safe
biomechanics that protect joints and ligaments, especially
at the end of the ROM. Pay particular attention to
maintaining postural alignment and effective stabilization. 

■ Emphasize the importance of warming up the tissues prior
to stretching with low-intensity, rhythmic activities such 
as cycling. Stretching should not be the first activity in an
exercise routine because cold tissue may be easier to injure.

■ If appropriate and possible, teach the patient how to
independently incorporate neuromuscular inhibition
techniques, such as the hold-relax procedure, into selected
stretching exercises.

■ Provide written instructions with illustrations to which the
patient can refer when independently performing the self-
stretching exercises.

■ Demonstrate how items commonly found around the
house, such as a towel, belt, broomstick, or homemade
weight, can be used to assist with stretching activities.

■ Emphasize the importance of using the gained ROM during
appropriately progressed functional activities.

BOX 4.8 Special Considerations for Use 
of Mechanical Stretching Devices

■ Become thoroughly familiar with the manufacturer’s
product information.

■ Become familiar with stretching protocols recommended by
the manufacturer; seek out research studies that provide
evidence of the efficacy of the equipment or protocols.

■ Determine if modifying a suggested protocol is warranted
to meet your patient’s needs. For example, should the
suggested intensity of stretch or recommended wearing
time (duration and frequency) be modified?

■ Check the fit of a device before sending it home with a
patient. Teach the patient how to apply and safely adjust
the device and how to maintain it in good working order. 
Be sure that the patient knows who to contact if the
equipment appears to be defective.

■ Teach the patient where and how to inspect the skin to
detect areas of excessive pressure from the stretching
device and potential skin irritation.

■ If the mechanical stretching device is “homemade,” such 
as a cuff weight, check to see if the equipment is safe 
and effective.

■ Have the patient keep a daily record of using the stretching
device.

■ Re-examine and re-evaluate the patient and equipment
periodically to determine the effectiveness of the mechanical
stretching program and to modify and progress the program
as necessary.

■ Be sure the patient complements the use of mechanical
stretching with active exercises.
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■  Warm up the soft tissues to be stretched by the application
of local heat or by active, low-intensity exercises. Warming
up tight structures may increase their extensibility and 
decrease the risk of injury from stretching.

■  Have the patient assume a comfortable, stable position 
that allows the correct plane of motion for the stretching
procedure. The direction of stretch is exactly opposite the 
direction of the joint or muscle restriction.

■  Explain the procedure to the patient and be certain he or
she understands.

■  Free the area to be stretched of any restrictive clothing,
bandages, or orthotics.

■  Explain to the patient that it is important to be as relaxed
as possible and that the stretching procedures are meant to
remain within his or her tolerance level.

Application of Manual Stretching
Procedures
■  Move the extremity slowly through the free range to the

point of tissue restriction.
■  Grasp the areas proximal and distal to the joint in which

motion is to occur. The grasp should be firm but not 
uncomfortable for the patient. Use padding, if necessary,
in areas with minimal subcutaneous tissue, reduced sensa-
tion, or over a bony surface. Use the broad surfaces of your
hands to spread forces over a larger surface area.

■  Firmly stabilize the proximal segment (manually or with
equipment) and move the distal segment.

■  To stretch a multijoint muscle, stabilize either the proximal
or distal segment to which the range-limiting muscle at-
taches. Stretch the muscle over one joint at a time and then
over all joints simultaneously until the optimal length of soft
tissues is achieved. To minimize compressive forces in small
joints, stretch the distal joints first and proceed proximally.

■  Consider incorporating a prestretch, isometric contraction
of the range-limiting muscle (the HR procedure).

■  To minimize joint compression during the stretch, a gentle
(grade I) distraction to the moving joint can be applied.

■  Apply the stretch using a slow, sustained rate. Remember,
the direction of the stretching movement is directly oppo-
site the line of pull of the range-limiting muscle. Ask the
patient to assist you with the stretch or apply a passive
stretch to lengthen the tissues. Take the hypomobile soft
tissues to the point of firm tissue resistance and then move
just beyond that point. The force must be enough to place
tension on soft tissue structures but not so great as to cause
pain or injure the structures. The patient should experience
a pulling sensation, but not pain, in the structures being
stretched. When stretching adhesions of a tendon within its
sheath, the patient may describe a “stinging” sensation as
adhesions are mobilized.

■   Maintain the stretch position for 30 seconds or longer. During
this time, the tension in the tissues should slowly decrease.
When tension decreases, move the extremity or joint a little
farther to progressively lengthen the hypomobile tissues.

■  Gradually release the stretch force and allow the patient
and therapist to rest momentarily while maintaining the
range-limiting tissues in a comfortably elongated position.
Then repeat the sequence several times.

■  If the patient does not seem to tolerate a sustained stretch,
use several very slow, gentle, intermittent stretches with the
muscle in a lengthened position.

■  If deemed appropriate, apply selected soft tissue mobiliza-
tion procedures, such as fascial massage or cross-fiber fric-
tion massage, at or near the sites of adhesion during the
stretching maneuver.

CLINICAL TIP
Do not attempt to gain the full range in one or two treatment
sessions. Resolving mobility impairment is a slow, gradual
process. It may take several weeks of stretching to see signifi-
cant results. Between stretching sessions, it is important to use
the newly increased range to maintain what has been gained.

After Stretching
■  Apply cold to the soft tissues that have been stretched and

allow these structures to cool in a lengthened position.
Cold may minimize poststretch muscle soreness that can
occur as the result of microtrauma during stretching.
When soft tissues are cooled in a lengthened position, 
increases in ROM are more readily maintained.73,102

■  Have the patient perform active ROM and strengthening
exercises through the gained range immediately after
stretching. With your supervision and feedback, have the
patient use the gained range by performing simulated func-
tional movement patterns that are part of daily living, 
occupational, or recreational tasks.

■  Strengthen the antagonistic muscles in the newly gained
range to ensure adequate neuromuscular control and 
stability as flexibility increases.

Precautions for Stretching

There are a number of general precautions that apply to all
forms of stretching interventions. In addition, some special
precautions must be taken when advising patients about
stretching exercises that are part of community-based fitness
programs or commercially available exercise products mar-
keted to the general public.

General Precautions
■  Do not passively force a joint beyond its normal ROM. 

Remember, normal (typical) ROM varies among individu-
als. In adults, flexibility is greater in women than in men.162

When treating older adults, be aware of age-related changes
in flexibility.
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 FOCUS ON EVIDENCE
Some studies suggest that flexibility decreases with age, par-
ticularly when coupled with decreased activity levels.4,5

However, a study of more than 200 adults ages 20 to 79 who
regularly exercised demonstrated that hamstring length did
not significantly decrease with age.162

■  Use extra caution in patients with known or suspected 
osteoporosis due to disease, prolonged bed rest, age, or 
prolonged use of steroids.

■  Protect newly united fractures; be certain there is appro-
priate stabilization between the fracture site and the joint
in which the motion takes place.

■  Remember that a longer lever arm creates greater torque at
a joint. Always be aware that the point of force application
on each of the segments will influence the tensile load on
the target tissue. 

■  Avoid vigorous stretching of muscles and connective tis-
sues that have been immobilized for an extended period
of time. Connective tissues, such as tendons and liga-
ments, lose their tensile strength after prolonged immo-
bilization.90 High-intensity, short-duration stretching
procedures tend to cause more trauma and resulting
weakness of soft tissues than low-intensity, long-duration
stretch.

■  Progress the dosage (intensity, duration, and frequency)
gradually to minimize soft tissue trauma and postexer-
cise muscle soreness. If a patient experiences joint pain
or muscle soreness lasting more than 24 hours after
stretching, it is likely that too much stretch force caused
an inflammatory response. This, in turn, can result in 
increased scar tissue formation. Patients should experi-
ence no more residual discomfort than a transitory feel-
ing of tenderness.

■  Avoid stretching edematous tissue, as it is more susceptible
to injury than normal tissue and continued irritation usu-
ally causes increased pain and edema.

■  Avoid overstretching weak muscles, particularly those that
support body structures in relation to gravity.

Special Precautions for Mass-Market
Flexibility Programs
To develop and maintain a desired level of fitness, many
people participate in physical conditioning programs at
home or in the community. Self-stretching exercises are
often an integral component of these programs. As a result,
individuals frequently learn self-stretching procedures in fit-
ness classes or from popular videos or television programs.
Although much of the information in these resources is
usually safe and accurate, there may also be errors or poten-
tial problems in flexibility programs designed for the mass
market. These problems are possible any time the assess-
ment of an individual’s specific limitations is not obtained

by a trained professional and a “one-size-fits-all” approach
is used.

Common Errors and Potential Problems
Nonselective or poorly balanced stretching activities. Gen-
eral flexibility programs may advise stretching body regions
that are already mobile or even hypermobile, while neglecting
regions that are tight from faulty posture or inactivity. For
example, in the sedentary population, some degree of hypo-
mobility tends to develop in the hip flexors, trunk flexors,
shoulder extensors and internal rotators, and scapular protrac-
tors from sitting in a slumped posture. Yet, if the commercially
available flexibility routines overemphasize exercises that
stretch posterior muscle groups and fail to include exercises to
stretch the tight anterior structures, faulty postures may worsen
rather than improve.

Insufficient warm-up. Individuals involved in flexibility
programs may fail to warm up prior to stretching.

Ineffective stabilization. Programs often lack effective meth-
ods of self-stabilization. Therefore, an exercise may fail to stretch
the intended tight structures and may transfer the stretch force
to structures that are already mobile or even hypermobile.

Use of ballistic stretching. Although a less common prob-
lem than in the past, some exercise routines still recommend
ballistic stretching. Because this form of stretching is not well
controlled, it increases the likelihood of post-exercise muscle
soreness and significant injury to soft tissues.

Excessive intensity. The phrase “no pain, no gain” is often
used inappropriately as the guideline for intensity of stretch.
An effective flexibility routine should be progressed gradually
by remaining within each individual’s pain tolerance levels.

Abnormal biomechanics. Some popular stretching exercises
do not respect the biomechanics of the region. For example,
the “hurdler’s” stretch is designed to simultaneously stretch
the hamstrings of one lower extremity and the quadriceps of
the opposite extremity but may impose detrimental strain on
the medial capsule and ligaments of the flexed knee.

Insufficient information about age-related differences. 
A single flexibility program does not fit all age groups. As 
a result of the normal aging process, mobility of connective
tissues diminishes.4,5,77 Consequently, elderly individuals
typically exhibit less flexibility than young adults. Even an
adolescent after a growth spurt temporarily exhibits re-
stricted flexibility, particularly in two-joint muscle groups.
Flexibility programs marketed to the general public may
not be sensitive to these normal, age-related differences in
flexibility.

Strategies for Risk Reduction
■  Whenever possible, assess the appropriateness and safety

of exercises in a “prepackaged” flexibility program.
■  If a patient you are treating is participating in a community-

based fitness class, review the exercises in the program 
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and determine their appropriateness and safety for your
patient.

■  Stay up to date on current exercise programs, products, and
trends by reviewing the content and safety of your patient’s
home exercise videos.

■  Determine whether a class or video is intended for individ-
uals of the same age or with similar physical conditions.

■  Eliminate or modify those exercises that are inconsistent
with the intervention plan you have developed for your 
patient.

■  See that the flexibility program maintains a balance 
of mobility between antagonistic muscle groups and 
emphasizes stretching those muscle groups that often be-
come shortened with age, faulty posture, or a sedentary
lifestyle.

■  Teach your patient the basic principles of self-stretching and
to evaluate fitness materials that they are using. Encourage
them to select only safe and appropriate stretching exercises
while avoiding those that perpetuate impairments or have
no value.

■  Make sure your patient understands the importance of
warming up prior to stretching. Give suggestions on how
to warm up before stretching.

■  Be certain that the patient knows how to provide effective
self-stabilization and isolate a stretch to specific muscle
groups.

■  Teach your patient how to determine the appropriate in-
tensity of stretch; be sure your patient knows that, at most,
postexercise muscle soreness should be mild and last no
more than 24 hours.

Adjuncts to Stretching
Interventions

Practitioners managing patients with structural or functional
impairments, including chronic pain, muscle guarding or 
imbalances, and restricted mobility, may find it useful to 
integrate complementary therapies that address the body,
mind, and spirit, such as relaxation training, Pilates, yoga, or
tai chi into a patient’s plan of care to improve function and
quality of life. Other interventions that are useful adjuncts to
a stretching program include superficial or deep heat, cold,
massage, biofeedback, and joint traction.

Complementary Approaches
Relaxation Training
Relaxation training has been used for many years by a variety
of practitioners49,53,74,129,146 to help patients learn to relieve 
or reduce pain; muscle tension; anxiety or stress; and associ-
ated physical impairments or medical conditions, including
tension headaches, high blood pressure, and respiratory dis-
tress. Some of the many approaches used to achieve beneficial

relaxation include progressive relaxation, biofeedback, stress
and anxiety management, and imagery. A brief overview of
techniques is presented in this section.

There are a number of physiological, behavioral, cogni-
tive, and emotional responses that occur during total body
relaxation.146 These key indicators are decreased muscle
tension, lowered blood pressure, lowered heart and respi-
ratory rates, increased skin temperature in the extremities,
constricted pupils, little to no body movement, eyes closed and
flat facial expression, jaw and hands relaxed, and decreased
distractibility.

Common Elements of Relaxation Training
The purpose of relaxation training is to reduce muscle tension
in the entire body or the painful or restricted region by using
conscious effort and thought. Training typically occurs in a
quiet environment with low lighting and soothing music or
an auditory cue on which the patient may focus. The patient
performs deep breathing exercises or visualizes a peaceful
scene. When giving instructions, the therapist uses a calm and
soft tone of voice.

Examples of Approaches to Relaxation Training
Autogenic training. This approach, advocated by Schultz
and Luthe129 and Engle,49 involves conscious relaxation
through autosuggestion and a progression of exercises as well
as meditation.

Progressive relaxation. This technique, pioneered by 
Jacobson,74 uses systematic, distal-to-proximal progression
of voluntary contraction and relaxation of muscles. It is
sometimes incorporated into childbirth education.

Awareness through movement. The system of therapy 
developed by Feldenkrais53 combines sensory awareness,
movements of the limbs and trunk, deep breathing, conscious
relaxation procedures, and self-massage to remediate muscle
tension and pain by altering muscle imbalances and abnormal
postural alignment.

Sequence for Progressive Relaxation Techniques
■  Place the patient in a quiet area and in a comfortable posi-

tion and be sure that restrictive clothing is loosened.
■  Have the patient breathe in a deep, relaxed manner.
■  Ask the patient to contract the distal musculature in the

hands or feet voluntarily for several (5 to 7) seconds and
then consciously relax those muscles for 20 to 30 seconds.

■  Suggest that the patient try to feel a sense of heaviness in
the hands or feet and a sense of warmth in the muscles just
relaxed.

■  Progress to a more proximal area of the body and have the
patient actively contract and actively relax the more prox-
imal musculature. Eventually have the patient isometrically
contract and consciously relax the entire extremity.

■  Suggest to the patient that he or she should feel a sense of
relaxation and warmth throughout the entire limb and
eventually throughout the whole body.
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Pilates
Pilates is an approach to exercise that combines Western the-
ories of biomechanics, core stability, and motor control with
Eastern theories of the interaction of body, mind, and spirit.6

Components of a Pilates exercise session typically include
deep breathing and core stabilization exercises, focus on acti-
vation and relaxation of specific muscle groups, posture con-
trol and awareness training, strength training (primarily using
body weight as resistance), balance exercises, and flexibility
exercises.134

Although Pilates training may be part of community-
based fitness programs for healthy adults, therapists may also
incorporate elements of Pilates into individualized interven-
tion programs for patients with a variety of diagnoses. Despite
limited research, Pilates exercises appear to have a positive
benefit on function (including improved flexibility, strength,
and pain control) and quality of life in healthy individuals130

and those with impairments.81,126

Heat
Warming up prior to stretching is an important element of
rehabilitation and fitness programs. It is well documented in
human and animal studies that as intramuscular temperature
increases, the extensibility of contractile and noncontractile
soft tissues likewise increases. In addition, as the temperature
of muscle increases, the amount of force required and the
time the stretch force must be applied decrease.88,89,123,154

There is also a decrease in the rate of firing of the type II 
efferents from the muscle spindles and an increase in the 
sensitivity of the GTO, which makes it more likely to fire.57

It is also believed that when tissues relax and more easily
lengthen, stretching is associated with less muscle guarding
and is more comfortable for the patient.88,89

CLINICAL TIP
Although stretching is often thought of as a warm-up activity
performed prior to vigorous exercise,132 an appropriate
warm-up, typically through low-intensity active exercise,
must be carried out in preparation for stretching.

Methods of Warm-Up
Superficial heat (hot packs or paraffin) or deep-heating
modalities (ultrasound or shortwave diathermy) provide 
different mechanisms to heat tissues.104,121 These thermal
agents are used primarily to heat small areas such as individ-
ual joints, muscle groups, or tendons and may be applied
prior to or during the stretching procedure.46,83,123 There 
is no consensus as to whether heating modalities should be
applied prior to or during the stretching procedure.

Low-intensity, active exercises, which generally increase
circulation and core body temperature, also can be used as a

mechanism to warm up large muscle groups prior to stretch-
ing.43,83 Some common warm-up exercises are a brief walk,
nonfatiguing cycling on a stationary bicycle, use of a stair-
stepping machine, active heel raises, or a few minutes of active
arm exercises.

Effectiveness of Warm-Up Methods
Thermal agents or warm-up exercises used alone without
stretching have either little or no effect on improving 
muscle flexibility.16,43,65,135 While some evidence indicates
that heat combined with stretching produces greater long-
term gains in tissue length than stretching alone,45,46 other
studies have not shown differences in ROM gain between
these two methods.43,65,83,139

Cold
The application of cold prior to stretching (cryostretching)
compared with heat has been studied,139 and advocates 
suggest it decreases muscle tone and makes the muscle less
sensitive during stretch in healthy subjects62 and in patients
with spasticity or rigidity secondary to upper motor neuron
lesions.148 While the use of cold immediately after soft tis-
sue injury effectively decreases pain and muscle spasm,
once healing and scar formation begin, cold makes healing
tissues less extensible and more susceptible to microtrauma
during stretching.33,88 Cooling soft tissues in a lengthened po-
sition after stretching has been shown to promote more last-
ing increases in soft tissue length and to minimize poststretch
muscle soreness.89

CLINICAL TIP
The authors of this text recommend that cold be applied to
injured soft tissues during the first 24 to 48 hours after injury
to minimize swelling, muscle spasm, and pain. Remember,
stretching is contraindicated in the presence of inflammation
that occurs during the acute phase of tissue healing (see
Chapter 10). When inflammation subsides and stretching
is indicated, the authors advocate warming soft tissues prior
to or during a stretching maneuver. After stretching, cold
should be applied to soft tissues held in a lengthened position
to minimize poststretch muscle soreness and to promote
longer-lasting gains in ROM.

Massage
Massage for Relaxation
Local muscle relaxation can be enhanced by massage, par-
ticularly with light or deep stroking techniques.40,138 Self-
massage with light stroking techniques is used to enhance
relaxation in some approaches to pain or stress and anxiety
management.53 In sports and conditioning programs,11,138

massage is used for general relaxation purposes or to 
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enhance recovery after strenuous physical activity, although
the efficacy of the latter is not well founded.144 Because 
massage has been shown to increase circulation to muscles
and decrease muscle spasm, it can be a useful adjunct to
stretching exercises.

Soft Tissue Mobilization/Manipulation
Techniques
Another broad category of massage is soft tissue mobilization/
manipulation. Although these techniques involve various forms
of deep massage, the primary purpose is not relaxation but 
to increase the mobility of adherent or shortened connective 
tissues including fascia, tendons, and ligaments.20

There are several soft tissue mobilization/manipulation
techniques that are used clinically to improve soft tissue 
mobility. These techniques are often specific to a tissue or
specific adhesion, and the rationale for their use is based pri-
marily on the mechanical effects of stress and strain. Stresses
during the technique are applied for a long enough duration
for creep and stress-relaxation of tissues to occur. With myofas-
cial massage,20,93 stretch forces are applied across fascial planes
or between muscle and septae. With friction massage,35,70,138

deep circular or cross-fiber (perpendicular to tissue fiber ori-
entation) massage is applied to break up adhesions or minimize
rough surfaces between tendons and their synovial sheaths. 
Instrument-assisted soft tissue mobilization uses specially crafted
tools to release fascial restrictions and scar tissue. Friction mas-
sage is also used to increase the mobility of scar tissue in muscle
as it heals. Theoretically, stresses applied to maturing scar tissue
align the collagen fibers along the lines of stress to encourage
normal mobility. These forms of connective tissue massage, 
as well as many other approaches and techniques of soft tis-
sue mobilization, are useful interventions for patients with 
restricted mobility.

Biofeedback
Biofeedback is another tool that can help a patient learn and
practice the process of relaxation. A patient, with proper in-
struction, can monitor and learn to reduce the amount of
muscle tension through biofeedback instrumentation.49,146

Through the visual or auditory feedback provided by the 
instrumentation, the patient can begin to sense or feel the 
relaxed muscle. By voluntarily reducing muscle tension, pain
can be decreased and flexibility increased. Biofeedback can
also be used to help a patient increase voluntary muscle acti-
vation, such as when learning how to perform quadriceps 
setting exercises after knee surgery.

Joint Traction or Oscillation
Slight manual distraction of joint surfaces prior to stretch-
ing a muscle-tendon unit can be used to inhibit joint pain
and muscle spasm around a joint (see Chapter 5).35,70,78

Pendular motions of a joint use the weight of the limb to

distract the joint surfaces and simultaneously oscillate and
relax the limb. The joint may be further distracted by
adding a 1- or 2-lb weight to the extremity, which causes a
stretch force on joint tissues.

Manual Stretching
Techniques in Anatomical
Planes of Motion

As with the ROM exercises described in Chapter 3, the
manual stretching techniques in this section are described
with the patient in a supine position. Alternative patient 
positions, such as prone or sitting, are indicated for some 
motions and are noted when necessary. Manual stretching
procedures in an aquatic environment are described in
Chapter 9.

Effective manual stretching techniques require adequate 
stabilization of the patient and sufficient strength and good
body mechanics of the therapist. Depending on the size
(height and weight) of the therapist and the patient, mod-
ifications in the patient’s position and suggested hand
placements for stretching or stabilization may have to be
made by the therapist.

Each description of a stretching technique is identified
by the anatomical plane of motion that is to be increased
followed by a notation of the muscle group being stretched.
Limitations in functional ROM usually are caused by short-
ening of multiple muscle groups and periarticular struc-
tures, and they affect movement in combined (as well as
anatomical) planes of motion. In this situation, however,
stretching multiple muscle groups simultaneously using 
diagonal patterns (i.e., D1 and D2 flexion and extension of
the upper or lower extremities as described in Chapter 6) 
is not recommended and therefore is not described in this
chapter. The authors believe that combined, diagonal pat-
terns are appropriate for maintaining available ROM with
passive and active exercises and increasing strength in mul-
tiple muscle groups but are ineffective for isolating a stretch
force to specific muscles or muscle groups of the extremities
that are shortened and restricting ROM. Special consider-
ations for each region being stretched are also noted in this
section.

Prolonged passive stretching techniques using mechanical
equipment are applied using the same points of stabilization
as manual stretching. The forces used in mechanical stretching
are applied at a lower intensity and over a much longer period
than with manual stretching. The stretch force is provided by
weights or orthotics rather than the strength or endurance
of a therapist. The patient is stabilized with belts, straps, or
counterweights.

NOTE: Manual stretching procedures for the musculature of the
cervical, thoracic, and lumbar spine may be found in Chapter 16.
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Selected self-stretching techniques of the spine and extremities
that a patient can do without assistance from a therapist can be
found in Chapters 16 through 22.

Upper Extremity Stretching
The Shoulder: Special Considerations
Many muscles that move the arm attach to the scapula rather
than the thorax. Therefore, when muscles of the shoulder 
girdle are stretched, it is imperative to stabilize the scapula.
Without scapular stabilization some of the stretch force will
be transmitted to the scapulothoracic muscles. This subjects
these muscles to possible overstretching, limits the effective-
ness of the applied stretch, and disguises the actual ROM of
the glenohumeral (GH) joint. Remember:

■  When the scapula is stabilized and not allowed to abduct or
upwardly rotate, only 120° of shoulder flexion and abduction
can occur at the GH joint.

■  The humerus must be externally rotated to gain full ROM
of abduction.

■  Muscles most apt to become shortened are those that pre-
vent full shoulder flexion, abduction, and external rotation.
It is rare to find restrictions in structures that prevent
shoulder adduction and extension to neutral.

Shoulder Flexion  VIDEO 4.2
To increase flexion of the shoulder, stretch the shoulder exten-
sors (Fig. 4.16).

Hand Placement and Procedure
■  Grasp the posterior aspect of the distal humerus just above

the elbow.
■  Stabilize the axillary border of the scapula to stretch the

teres major or stabilize the lateral aspect of the thorax and
superior aspect of the pelvis to stretch the latissimus dorsi.

■  Move the patient’s arm into full shoulder flexion to elon-
gate the shoulder extensors.

Shoulder Hyperextension  VIDEO 4.3
To increase hyperextension of the shoulder, stretch the shoulder
flexors (Fig. 4.17).
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FIGURE 4.16 (B) Hand placement and stabilization of the pelvis to
stretch the latissimus dorsi and increase shoulder flexion.

A

FIGURE 4.17 Hand placement and stabilization of the scapula to 
increase extension of the shoulder beyond neutral.

FIGURE 4.16 (A) Hand placement and stabilization of the scapula
to stretch the teres major and increase shoulder flexion. 

B
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Patient Position
Place the patient in a prone position.

Hand Placement and Procedure
■  Support the forearm and grasp the distal humerus.
■  Stabilize the posterior aspect of the scapula to prevent 

substitute movements.
■  Move the patient’s arm into full hyperextension of the

shoulder to elongate the shoulder flexors.

Shoulder Abduction
To increase abduction of the shoulder, stretch the adductors
(Fig. 4.18).

Hand Placement and Procedure
■  With the elbow flexed to 90°, grasp the distal humerus.
■  Stabilize the axillary border of the scapula.
■  Move the patient into full shoulder abduction to lengthen

the adductors of the shoulder.

Shoulder Adduction
To increase adduction of the shoulder, stretch the abductors. It
is rare when a patient is unable to adduct the shoulder fully
to 0° (so the upper arm is at the patient’s side). Even if a patient
has worn an abduction orthotic after a soft tissue or joint 
injury of the shoulder, when he or she is upright the constant
pull of gravity elongates the shoulder abductors so the patient
can adduct to a neutral position.

Shoulder External Rotation  VIDEO 4.4
To increase external rotation of the shoulder, stretch the internal
rotators (Fig. 4.19).

Hand Placement and Procedure
■  Abduct the shoulder to a comfortable position—initially

30° or 45° and later to 90° if the GH joint is stable—or place
the arm at the patient’s side.

■  Flex the elbow to 90° so the forearm can be used as a lever.
■  Grasp the volar surface of the mid-forearm with one hand.
■  Stabilization of the scapula is provided by the table on

which the patient is lying.
■  Externally rotate the patient’s shoulder by moving the 

patient’s forearm closer to the table. This fully lengthens
the internal rotators.

PRECAUTION: Because it is necessary to apply the stretch
forces across the intermediate elbow joint when elongating the
internal and external rotators of the shoulder, be sure the elbow
joint is stable and pain-free. In addition, keep the intensity of the
stretch force very low, particularly in patients with osteoporosis.

Shoulder Internal Rotation
To increase internal rotation of the shoulder, stretch the external
rotators (Fig. 4.20).

Hand Placement and Procedure
■  Abduct the shoulder to a comfortable position that allows

internal rotation to occur without the thorax blocking the
motion (initially to 45° and eventually to 90°).

■  Flex the elbow to 90° so the forearm can be used as a lever.
■  Grasp the dorsal surface of the midforearm with one hand,

stabilize the anterior aspect of the shoulder, and support
the elbow with your other forearm and hand.

■  Move the patient’s arm into an internal rotation to lengthen
the external rotators of the shoulder.
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FIGURE 4.18 Hand placement and stabilization of the scapula for
the stretching procedure to increase shoulder abduction.

FIGURE 4.19 Shoulder position (slightly abducted and flexed) and
hand placement at the mid to proximal forearm to increase external
rotation of the shoulder. A folded towel is placed under the distal
humerus to maintain the shoulder in slight flexion. The table stabi-
lizes the scapula.
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Shoulder Horizontal Abduction
To increase horizontal abduction of the shoulder, stretch the
pectoralis muscles (Fig. 4.21).

Patient Position
To reach full horizontal abduction in the supine position, the
patient’s shoulder must be at the edge of the table. Begin with
the shoulder in 60° to 90° of abduction. The patient’s elbow
may also be flexed.

Hand Placement and Procedure
■  Grasp the anterior aspect of the distal humerus.
■  Stabilize the anterior aspect of the shoulder.
■  Move the patient’s arm below the edge of the table into full

horizontal abduction to stretch the horizontal adductors.

NOTE: The horizontal adductors are usually tight bilaterally.
Stretching techniques can be applied bilaterally by the therapist,
or a bilateral self-stretch can be done by the patient by using a
corner or wand (see Figs. 17.30 through 17.32). 

Scapular Mobility
To have full shoulder motion, a patient must have normal
scapular mobility. (See the scapular mobilization/manipulation
techniques in Chapter 5.)

The Elbow and Forearm: Special Considerations
Several muscles that cross the elbow, such as the biceps brachii
and brachioradialis, also influence supination and pronation
of the forearm. Therefore, when stretching the elbow flexors
and extensors, the techniques should be performed with the
forearm pronated as well as supinated.

Elbow Flexion
To increase elbow flexion, stretch the one-joint elbow extensors.

Hand Placement and Procedure
■  Grasp the distal forearm just proximal to the wrist.
■  With the arm at the patient’s side supported on the table,

stabilize the proximal humerus.
■  Flex the patient’s elbow just past the point of tissue resist-

ance to lengthen the elbow extensors.

To increase elbow flexion with the shoulder flexed, stretch
the long head of the triceps (Fig. 4.22).
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FIGURE 4.20 Hand placement and stabilization of the shoulder 
to increase internal rotation of the shoulder.

FIGURE 4.21 Hand placement and stabilization of the anterior 
aspect of the shoulder and chest to increase horizontal abduction 
of the shoulder past neutral (to stretch the pectoralis major).

FIGURE 4.22 Hand placement and stabilization to increase elbow
flexion with shoulder flexion (to stretch the long head of the triceps
brachii).

Patient Position, Hand Placement, and Procedure
■  With the patient sitting or lying supine with the arm at

the edge of the table, flex the patient’s shoulder as far as
possible.
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■  While maintaining shoulder flexion, grasp the distal fore-
arm and flex the elbow just past the point of resistance to
lengthen the long head of the triceps.

Elbow Extension  VIDEO 4.5
To increase elbow extension, stretch the elbow flexors (Fig. 4.23).

Hand Placement and Procedure
■  Grasp the distal forearm.
■  With the upper arm at the patient’s side supported on the

table, stabilize the scapula and anterior aspect of the prox-
imal humerus.

■  Extend the elbow just past the point of tissue resistance to
lengthen the elbow flexors.

NOTE: Be sure to do this with the forearm in supination,
pronation, and neutral position to stretch each of the elbow
flexors.

To increase elbow extension with the shoulder extended,
stretch the long head of the biceps.

Patient Position, Hand Placement, and Procedure
■  With the patient lying supine close to the side of the table,

stabilize the anterior aspect of the shoulder, or with the 
patient lying prone, stabilize the scapula.

■  Pronate the forearm, extend the elbow, and then extend the
shoulder.

PRECAUTION: It has been reported that heterotopic ossifi-
cation (the appearance of ectopic bone in the soft tissues
around a joint) can develop around the elbow after traumatic
or burn injuries.48 It is believed that vigorous, forcible passive
stretching of the elbow flexors may increase the risk of this
condition developing. Passive or assisted stretching should
therefore be applied very gently and gradually in the elbow 
region. Use of active stretching techniques, such as agonist
contraction, might also be considered.

Forearm Supination or Pronation
To increase supination or pronation of the forearm.

Hand Placement and Procedure
■  With the patient’s humerus supported on the table and the

elbow flexed to 90°, grasp the distal forearm.
■  Stabilize the humerus.
■  Supinate or pronate the forearm just beyond the point of

tissue resistance.
■  Be sure the stretch force is applied to the radius rotating

around the ulna. Do not twist the hand, thereby avoiding
stress to the wrist articulations.

■  Repeat the procedure with the elbow extended. Be sure to
stabilize the humerus to prevent internal or external rotation
of the shoulder.

The Wrist and Hand: Special Considerations
VIDEO 4.6
The extrinsic muscles of the fingers cross the wrist joint and
therefore may influence the ROM of the wrist. Wrist motion
may also be influenced by the position of the elbow and fore-
arm because the wrist flexors and extensors attach proximally
on the epicondyles of the humerus.

When stretching the musculature of the wrist, the stretch
force should be applied proximal to the metacarpophalangeal
(MCP) joints, and the fingers should be relaxed.

Patient Position
When stretching the muscles of the wrist and hand, have the
patient sit in a chair adjacent to you with the forearm sup-
ported on a table to stabilize the forearm effectively.

Wrist Flexion
To increase wrist flexion.

Hand Placement and Procedure
■  The forearm may be supinated, in midposition, or pronated.
■  Stabilize the forearm against the table and grasp the dorsal

aspect of the patient’s hand.
■  To elongate the wrist extensors, flex the patient’s wrist and

allow the fingers to extend passively.
■  To further elongate the wrist extensors, extend the patient’s

elbow.

Wrist Extension
To increase wrist extension (Fig. 4.24).

Hand Placement and Procedure
■  Pronate the forearm or place it in midposition and grasp

the patient at the palmar aspect of the hand. If there is 
a severe wrist flexion contracture, it may be necessary to
place the patient’s hand over the edge of the treatment
table.

■  Stabilize the forearm against the table.
■  To lengthen the wrist flexors, extend the patient’s wrist, 

allowing the fingers to flex passively.
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FIGURE 4.23 Hand placement and stabilization of the scapula 
and proximal humerus for stretching procedures to increase elbow
extension.
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Radial Deviation
To increase radial deviation.

Hand Placement and Procedure
■   Grasp the ulnar aspect of the hand along the fifth metacarpal.
■  Hold the wrist in midposition.
■  Stabilize the forearm.
■  Radially deviate the wrist to lengthen the ulnar deviators

of the wrist.

Ulnar Deviation
To increase ulnar deviation.

Hand Placement and Procedure
■  Grasp the radial aspect of the hand along the second

metacarpal, not the thumb.
■  Stabilize the forearm.
■  Ulnarly deviate the wrist to lengthen the radial deviators.

The Digits: Special Considerations  VIDEO 4.7
The complexity of the relationships among the joint struc-
tures and the intrinsic and multijoint extrinsic muscles of 
the digits requires careful examination and evaluation of the
factors that contribute to loss of function in the hand because
of motion limitations. The therapist must determine if a 
limitation is from joint restrictions, decreased muscle-tendon
unit extensibility, or adhesions of tendons or ligaments. The 
digits should always be stretched individually, not simultane-
ously. If an extrinsic muscle limits motion, lengthen it over one
joint while stabilizing the other joints. Then, hold the lengthened
position and stretch it over the second joint, and so forth, until
normal length is obtained. Begin the motion with the most 
distal joint to minimize shearing and compressive stresses to the
surfaces of the small joints of the digits. Specific interventions
to manage adhesions of tendons are described in Chapter 19.

CMC Joint of the Thumb
To increase flexion, extension, abduction, or adduction of the
carpometacarpal (CMC) joint of the thumb.

Hand Placement and Procedure
■  Stabilize the trapezium with your thumb and index finger.
■  Grasp the first metacarpal (not the first phalanx) with your

other thumb and index finger.
■  Move the first metacarpal in the desired direction to increase

CMC flexion, extension, abduction, and adduction.

MCP Joints of the Digits
To increase flexion, extension, abduction, or adduction of the
MCP joints of the digits.

Hand Placement and Procedure
■  Stabilize the metacarpal with your thumb and index finger.
■  Grasp the proximal phalanx with your other thumb and

index finger.
■  Keep the wrist in midposition.
■  Move the MCP joint in the desired direction for stretch.
■  Allow the interphalangeal (IP) joints to flex or extend

passively.

PIP and DIP Joints
To increase flexion or extension of the proximal and distal 
interphalangeal (PIP and DIP) joints.

Hand Placement and Procedure
■  Grasp the middle or distal phalanx with your thumb and

finger.
■  Stabilize the proximal or middle phalanx with your other

thumb and finger.
■  Move the PIP or DIP joint in the desired direction for

stretch.

Stretching Specific Extrinsic and Intrinsic
Muscles of the Fingers
Elongation of extrinsic and intrinsic muscles of the hand is
described in Chapter 3. To stretch these muscles beyond their
available range, the same hand placement and stabilization
are used as with passive ROM. The only difference in tech-
nique is that the therapist moves each segment into the stretch
range.

Lower Extremity Stretching
The Hip: Special Considerations  VIDEO 4.8
Because muscles of the hip attach to the pelvis or lumbar
spine, the pelvis must always be stabilized when lengthening
muscles about the hip. If the pelvis is not stabilized, the stretch
force is transferred to the lumbar spine and unwanted com-
pensatory motion results.

Hip Flexion
To increase flexion of the hip with the knee flexed, stretch the
gluteus maximus.

Hand Placement and Procedure
■  Flex the hip and knee simultaneously.
■  Stabilize the opposite femur in extension to prevent poste-

rior tilt of the pelvis.
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FIGURE 4.24 Hand placement and stabilization of the forearm for
stretching procedure to increase extension of the wrist.
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■  With the knee at 0° extension and the hip in neutral rota-
tion, flex the hip as far as possible.

NOTE: Externally rotate the hip prior to hip flexion to isolate
the stretch force to the medial hamstrings and internally rotate
the hip to isolate the stretch force to the lateral hamstrings.

Alternative Therapist Position
Kneel on the mat and place the patient’s heel or distal tibia
against your shoulder (see Fig. 4.25 B). Place both of your
hands along the anterior aspect of the distal thigh to keep the
knee extended. The opposite extremity is stabilized in exten-
sion by a belt or towel around the distal thigh and held in
place by the therapist’s knee.

Hip Extension  VIDEO 4.9
To increase hip extension, stretch the iliopsoas (Fig. 4.26).

Patient Position
Have the patient positioned close to the edge of the treatment
table so the hip being stretched can be extended beyond neu-
tral. The opposite hip and knee are flexed toward the patient’s
chest to stabilize the pelvis and spine.

Hand Placement and Procedure
■  Stabilize the opposite leg against the patient’s chest with

one hand or, if possible, have the patient assist by grasping
around the thigh and holding it to the chest to prevent an
anterior tilt of the pelvis during stretching.

■   Move the hip to be stretched into extension or hyperextension
by placing downward pressure on the anterior aspect of the
distal thigh with your other hand. Allow the knee to extend
so the two-joint rectus femoris does not restrict the range.

Alternate Position
Have the patient assume the prone-lying position (Fig. 4.27).
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FIGURE 4.25 Hand placement and stabilization of the opposite
femur to stabilize the pelvis and low back for stretching procedures
to increase hip flexion with knee extension (stretch the hamstrings)
with the therapist (A) standing by the side of the table or (B) kneeling
on the table.

A

B

■  Move the patient’s hip and knee into full flexion to lengthen
the one-joint hip extensor.

Hip Flexion With Knee Extension
To increase flexion of the hip with the knee extended, stretch the
hamstrings (Fig. 4.25 A and B).

Hand Placement and Procedure
■  With the patient’s knee fully extended, support the patient’s

lower leg with your arm or shoulder.
■  Stabilize the opposite extremity along the anterior aspect

of the thigh with your other hand or a belt or with the
assistance of another person.

FIGURE 4.26 Hand placement and stabilization of the pelvis to 
increase extension of the hip (stretch the iliopsoas) with the patient
lying supine. Flexing the knee when in this position also elongates
the rectus femoris.
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Hand Placement and Procedure
■  Support and grasp the anterior aspect of the patient’s distal

femur.
■  Stabilize the patient’s pelvis with a downward force on their

buttocks.
■  Extend the patient’s hip by lifting the femur off the table.

Hip Extension With Knee Flexion
To increase hip extension and knee flexion simultaneously,
stretch the rectus femoris.

Patient Position
Use either of the positions previously described for increasing
hip extension in the supine or prone positions (see Figs. 4.26
and 4.27).

Hand Placement and Procedure
■  With the hip held in full extension on the side to be

stretched, move your hand to the distal tibia and gently flex
the knee of that extremity as far as possible.

■  Do not allow the hip to abduct or rotate.

Hip Abduction  VIDEO 4.10
To increase abduction of the hip, stretch the adductors (Fig. 4.28).

Hand Placement and Procedure
■  Support the distal thigh with your arm and forearm.
■  Stabilize the pelvis by placing pressure on the opposite 

anterior iliac crest or by maintaining the opposite lower 
extremity in slight abduction.

■  Abduct the hip as far as possible to stretch the adductors.

NOTE: You may apply your stretch force cautiously at the
medial malleolus only if the knee is stable and pain-free. An
abduction force applied at this location creates a great deal
of stress to the medial supporting structures of the knee and
is generally not recommended by the authors.

Hip Adduction  VIDEO 4.11
To increase adduction of the hip, stretch the tensor fasciae latae
and iliotibial (IT) band (Fig. 4.29).

Patient Position
Place the patient in a side-lying position with the hip to be
stretched uppermost. Flex the bottom hip and knee to stabi-
lize the patient.

Hand Placement and Procedure
■  Stabilize the pelvis at the iliac crest with your proximal hand.
■  With the knee flexed, extend the patient’s hip to neutral or

into slight hyperextension, if possible. Moving the hip into
a small amount of flexion and abduction prior to extending
it may help orient the IT band for the stretch. 

■  Let the patient’s hip adduct with gravity and apply an addi-
tional stretch force with your other hand to the lateral aspect
of the distal femur to further adduct the hip.
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FIGURE 4.27 Hand placement and stabilization to increase 
hyperextension of the hip with the patient lying prone.

FIGURE 4.28 Hand placement and stabilization of the opposite 
extremity (or pelvis) for the stretching procedure to increase 
abduction of the hip.

FIGURE 4.29 Patient positioned side-lying. Hand placement and
procedure to stretch the tensor fasciae latae and IT band.
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NOTE: If the patient’s hip cannot be extended to neutral, the
hip flexors must be stretched before the tensor fasciae latae
can be stretched.

Hip External Rotation
To increase external rotation of the hip, stretch the internal 
rotators (Fig. 4.30 A).

apply the stretch force by grasping the distal thigh, but the
leverage is poor and there is a tendency to twist the skin.

Hip Internal Rotation
To increase internal rotation of the hip, stretch the external 
rotators (Fig. 4.30 B).

Patient Position and Stabilization
Position the patient the same as when increasing external 
rotation, described previously.

Hand Placement and Procedure
Apply pressure to the medial malleolus or medial aspect of
the tibia and internally rotate the hip as far as possible.

The Knee: Special Considerations  
VIDEO 4.12
The position of the hip during stretching influences the flex-
ibility of the flexors and extensors of the knee. The flexibility
of the hamstrings and the rectus femoris must be examined
and evaluated separately from the one-joint muscles that 
affect knee motion.

Knee Flexion
To increase knee flexion, stretch the knee extensors (Fig. 4.31).

Patient Position
Have the patient assume a prone position.
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FIGURE 4.30 (A) Hand placement and stabilization of the pelvis to
increase external rotation of the hip. 

Patient Position
Place the patient in a prone position with the hips extended
and knee flexed to 90°.

Hand Placement and Procedure
■  Grasp the distal tibia of the extremity to be stretched.
■  Stabilize the pelvis by applying pressure with your other

hand across the buttocks.
■  Apply pressure to the lateral malleolus or lateral aspect of

the tibia and externally rotate the hip as far as possible.

Alternate Position and Procedure
Sitting at the edge of a table with hips and knees flexed to 90°:

■  Stabilize the pelvis by applying pressure to the iliac crest
with one hand.

■  Apply the stretch force to the lateral malleolus or lateral 
aspect of the lower leg and externally rotate the hip.

NOTE: When you apply the stretch force against the lower leg
in this manner, thus crossing the knee joint, the knee must be
stable and pain-free. If the knee is not stable, it is possible to

A B

FIGURE 4.30 (B) Hand placement and stabilization of the pelvis to
increase internal rotation of the hip with the patient prone.
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Hand Placement and Procedure
■  Stabilize the pelvis by applying downward pressure across

the buttocks.
■  Grasp the anterior aspect of the distal tibia and flex the 

patient’s knee.

PRECAUTION: Place a rolled towel under the thigh just above
the knee to prevent compression of the patella against the table
during the stretch. Stretching the knee extensors too vigorously
in the prone position can traumatize the knee joint and cause
swelling.

Alternate Position and Procedure
■  Have the patient sit with the thigh supported on the

treatment table and leg flexed over the edge as far as 
possible.

■  Stabilize the anterior aspect of the proximal femur with 
one hand.

■  Apply the stretch force to the anterior aspect of the distal
tibia and flex the patient’s knee just past the point of tissue
resistance.

NOTE: This position is useful when working in the 0° to 100°
range of knee flexion. The prone position is best for increasing
knee flexion from 90° to 135°.

Knee Extension
To increase knee extension in the midrange, stretch the knee
flexors (Fig. 4.32).

Patient Position
Place the patient in a prone position and put a small, 
rolled towel under the patient’s distal femur, just above the
patella.

Hand Placement and Procedure
■  Grasp the distal tibia with one hand and stabilize the but-

tocks to prevent hip flexion with the other hand.
■  Slowly extend the knee to stretch the knee flexors.

End-Range Knee Extension  VIDEO 4.13
To increase end-range knee extension (Fig. 4.33).
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FIGURE 4.31 Hand placement and stabilization to increase knee
flexion (stretch the rectus femoris and quadriceps) with the patient
lying prone.

FIGURE 4.32 Hand placement and stabilization to increase
midrange knee extension with the patient lying prone.

FIGURE 4.33 Hand placement and stabilization to increase terminal
knee extension.

Patient Position
Patient assumes a supine position.

Hand Placement and Procedure
■  Grasp the distal tibia of the knee to be stretched.
■  Stabilize the hip by placing your hand or forearm across the

anterior thigh. This prevents hip flexion during stretching.
■  Apply the stretch force to the posterior aspect of the distal

tibia and extend the patient’s knee.

The Ankle and Foot: Special Considerations
VIDEO 4.14
The ankle and foot are composed of multiple joints. Consider
the mobility of these joints (see Chapter 5) as well as the mul-
tijoint muscles that cross these joints when increasing ankle
and foot ROM.
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Ankle Dorsiflexion
To increase dorsiflexion of the ankle with the knee extended,
stretch the gastrocnemius muscle (Fig. 4.34).

Ankle Inversion and Eversion
To increase inversion and eversion of the ankle. Inversion and
eversion of the ankle occur at the subtalar joint as a component
of pronation and supination. Mobility of the subtalar joint
(with appropriate strength) is particularly important for walk-
ing on uneven surfaces.

Hand Placement and Procedure
■  Stabilize the talus by grasping just distal to the malleoli with

one hand.
■  Grasp the calcaneus with your other hand and move it 

medially and laterally at the subtalar joint.

Stretching Specific Muscles of the Ankle 
and Foot

Hand Placement and Procedure
■  Stabilize the distal tibia with your proximal hand.
■  Grasp around the foot with your other hand and align the

motion and force opposite the line of pull of the tendons.
Apply the stretch force against the bone to which the mus-
cle attaches distally.
■ To stretch the tibialis anterior (which inverts and dorsi-

flexes the ankle), grasp the dorsal aspect of the foot
across the tarsals and metatarsals and plantarflex and
abduct the foot.

■ To stretch the tibialis posterior (which plantarflexes and 
inverts the foot), grasp the plantar surface of the foot
around the tarsals and metatarsals and dorsiflex and
abduct the foot.

■ To stretch the peroneals (which evert the foot), grasp the 
lateral aspect of the foot at the tarsals and metatarsals
and invert the foot.

Toe Flexion and Extension
To increase flexion and extension of the toes. It is best to stretch
any musculature that limits motion in the toes individually.
With one hand, stabilize the bone proximal to the restricted
joint, and with the other hand, move the phalanx in the 
desired direction.

Neck and Trunk
Stretching techniques to increase mobility in the cervical, 
thoracic, and lumbar spine may be found in Chapter 16.

Self-Stretching Techniques
Examples of self-stretching techniques, performed independ-
ently by the patient after appropriate instruction, may be found
in Chapters 17 through 22 (upper and lower extremities) and
Chapter 16 (neck and trunk).
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FIGURE 4.34 Hand placement and procedure to increase 
dorsiflexion of the ankle with the knee extended (stretching 
the gastrocnemius).

Hand Placement and Procedure
■  Grasp the patient’s heel (calcaneus) with one hand, main-

tain the subtalar joint in a neutral position, and place your
forearm along the plantar surface of the foot.

■   Stabilize the anterior aspect of the tibia with your other hand.
■  Dorsiflex the talocrural joint of the ankle by pulling the cal-

caneus in an inferior direction with your thumb and fingers
while gently applying pressure in a superior direction just
proximal to the heads of the metatarsals with your forearm.
To increase dorsiflexion of the ankle with the knee flexed,

stretch the soleus muscle. The knee must be flexed to elimi-
nate the effect of the two-joint gastrocnemius muscle. Hand
placement, stabilization, and stretch force are the same as
when stretching the gastrocnemius.

PRECAUTION: When stretching the gastrocnemius or soleus
muscles, avoid placing too much pressure against the heads of
the metatarsals and stretching the long arch of the foot. Over-
stretching the long arch of the foot can cause a flat foot or a
rocker-bottom foot.

Ankle Plantarflexion
To increase plantarflexion of the ankle.

Hand Placement and Procedure
■   Support the posterior aspect of the distal tibia with one hand.
■  Grasp the foot along the tarsal and metatarsal areas.
■  Apply the stretch force to the anterior aspect of the foot

and plantarflex the foot.
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Critical Thinking and Discussion
1. What physical findings from the patient examination

would lead you to decide that stretching exercises were an
appropriate intervention?

2. Discuss the advantages and disadvantages of various stretch-
ing exercises, specifically manual stretching, self-stretching,
and mechanical stretching. Under what circumstances
would one form be a more appropriate choice than another?

3. Discuss how the effectiveness of a stretching program is
influenced by the responses of contractile and noncontrac-
tile soft tissues to stretch. 

4. Explain how factors such as intensity, rate, duration, and
frequency of stretch can be used to maximize stretching
effectiveness.

5. Discuss how your approach to and application of stretching
would differ when developing stretching exercises for a
healthy young adult with limited mobility in the (a) shoulder,
(b) knee, or (c) ankle in contrast to an elderly individual with
osteoporosis and limited motion in the same regions.

6. Explain the procedures for and rationale behind each 
of the following types of neuromuscular inhibition: HR,
HR-AC, CR, and AC. Under what circumstances would
you choose one technique over another?

7. Select a popular exercise video. Review and critique the
flexibility exercises on the video. Were the flexibility exer-
cises appropriately distributed across body regions and
joints? Were the exercises executed safely and correctly?
Were the exercises appropriate for the target population?

8. Your patient has been attending a Pilates class over the past
few months but is now receiving your therapy services for
management of a chronic hamstring strain. How could
you integrate your patient’s participation in these classes
with your plan of care?

Laboratory Practice
1. Manually stretch as many major muscle groups of the

upper and lower extremities as is safe and practical with
the patient in supine, prone, side-lying, and/or seated.

2. While considering individual muscle actions and lines
of pull, demonstrate how to specifically and fully elon-
gate the following muscles: pectoralis major, biceps
brachii, brachioradialis, brachialis, triceps, extensor or
flexor carpi ulnaris or radialis, flexor digitorum superfi-
cialis or profundus, rectus femoris versus the iliopsoas,
gastrocnemius versus soleus, and the tibialis anterior and
posterior.

3. Teach your partner how to stretch major muscle groups of
the upper and lower extremities using either body weight
or a cuff weight as the stretch force. Be sure to include 
effective stabilization procedures for these stretching tech-
niques whenever possible.

4. Using either the hold-relax or contract-relax and the hold-
relax agonist contraction PNF stretching techniques,
stretch at least two muscle groups at the shoulder, elbow,
wrist, hip, knee, and ankle. Be sure to position, align, and
stabilize your partner properly.

5. Design an effective and efficient series of self-stretches that
a person who works at a desk most of the day could incor-
porate into a daily home exercise routine. Demonstrate
and teach each self-stretching exercise to your laboratory
partner.

6. Identify a recreational/sport activity that your partner 
enjoys and design and demonstrate a program of self-
stretching exercises to prepare your partner for the activity.

7. Design a program of progressive relaxation exercises for
total body relaxation. Then, implement the relaxation
training sequence with your partner.
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5Peripheral Joint
Mobilization/Manipulation

■ CAROLYN KISNER, PT, MS

Joint mobilization, also known as manipulation, refers to man-
ual therapy techniques that are used to modulate pain and
treat joint impairments that limit range of motion (ROM) by
specifically addressing the altered mechanics of the joint. The
altered joint mechanics may be due to pain and muscle guard-
ing, joint effusion, contractures or adhesions in the joint cap-
sules or supporting ligaments, or aberrant joint motion. Joint
mobilization stretching techniques differ from other forms of

passive or self-stretching (described in Chapter 4) in that they
specifically address restricted capsular tissue by replicating
normal joint mechanics while minimizing abnormal compres-
sive stresses on the articular cartilage in the joint.17

Historically, mobilization has been the preferred term to
use as therapists began using the passive, skilled joint tech-
niques because mobilization had a less aggressive connotation
than manipulation. High-velocity thrust (HVT) techniques,
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typically called manipulation, were not universally taught or
used by most practitioners. However, with the increased level
of education3,5 and current practice of physical therapy,2 both
non-thrust and thrust manipulation techniques are skills that
therapists are learning and safely using in many practice set-
tings. The Manipulation Education Manual for Physical Ther-
apist Professional Degree Programs2 as well as the Guide to
Physical Therapist Practice8 couple the terms “mobilization” and
“manipulation” in order to demonstrate their common usage.

An editorial25 described problems with using the terms in-
terchangeably without clear definitions. The authors cited con-
fusion in interpreting research and describing outcomes when
the techniques used are not specifically described. They also 
indicated possible confusion in communicating with patients
and with referral sources. It is therefore critical that the practi-
tioner clearly understands and defines the characteristics of the
techniques used when referring to manipulative techniques.

In this text, the terms “mobilization” and “manipulation”
will be used interchangeably, with the distinction made 
between non-thrust and thrust techniques. The procedures
section in this chapter describes documentation and the 
importance of identifying rate, range, and direction of force
application, as well as target, relative structural movement,
and patient position whenever referring to mobilization/
manipulation intervention techniques.24 This information
should be used in all documentation and communication in
order to minimize discrepancies in interpretation of outcomes.

To use joint mobilization/manipulation techniques for 
effective treatment, the practitioner must know and be able to
examine the anatomy, arthrokinematics, and pathology of the
neuromusculoskeletal system and to recognize when the tech-
niques are indicated or when other techniques would be more
effective for regaining lost motion. Indiscriminate use of joint
techniques, when not indicated, could lead to potential harm to
the patient’s joints. We assume that, prior to learning the tech-
niques presented in this text, the student or therapist has had
(or will be concurrently learning) orthopedic examination and
evaluation and therefore will be able to choose appropriate, safe
techniques for treating the patient’s impairments. The reader is
referred to several resources for additional study of examination
and evaluation procedures.6,12,17,20 When indicated, joint ma-
nipulative techniques are safe, effective means of restoring or
maintaining joint play and can also be used for treating pain.12,17

Principles of Joint
Mobilization/Manipulation

Definitions of Terms

Mobilization/Manipulation
As noted in the introductory paragraphs, mobilization and
manipulation are two terms that have come to have the same
meaning3,21 and are therefore interchangeable. In general,
they are passive, skilled manual therapy techniques applied 

to joints and related soft tissues at varying speeds and ampli-
tudes using physiological or accessory motions for therapeu-
tic purposes. The varying speeds and amplitudes can range
from a small-amplitude force applied at fast velocity to a
large-amplitude force applied at slow velocity—that is, there
is a continuum of intensities and speeds at which the tech-
nique could be applied.12,17

Thrust manipulation/HVT. Thrust refers to high-velocity,
short-amplitude techniques.12,30 The thrust is performed at
the end of the pathological limit of the joint and is intended
to alter positional relationships, snap adhesions, or stimulate
joint receptors.30 Pathological limit means the end of the
available ROM when there is restriction.

NOTE: The terms thrust and manipulation are often used inter-
changeably,4 but with the trend to use manipulation to include
all manipulative techniques, including non-thrust techniques, this
text will not use these two terms interchangeably.

Self-Mobilization (Auto-Mobilization)
Self-mobilization refers to self-stretching techniques that
specifically use joint traction or glides that direct the stretch
force to the joint capsule. When indicated, these techniques
are described in the chapters on specific regions of the body.

Mobilization With Movement
Mobilization with movement (MWM) is the concurrent appli-
cation of sustained accessory mobilization applied by a therapist
and an active physiological movement to end-range applied 
by the patient. Passive end-of-range overpressure, or stretching,
is then delivered without pain as a barrier. The techniques are
always applied in a pain-free direction and are described as cor-
recting joint tracking from a positional fault.23,26 Brian Mulligan
of New Zealand originally described these techniques.26 MWM
techniques related to specific peripheral joint regions are 
described in Chapters 17 through 22.

Physiological Movements
Physiological movements are movements the patient can do
voluntarily (e.g., the classic or traditional movements, such
as flexion, abduction, and rotation). The term osteokinematics
is used when these motions of the bones are described.13

Accessory Movements
Accessory movements are movements in the joint and sur-
rounding tissues that are necessary for normal ROM but that
cannot be actively performed by the patient.30 Terms that relate
to accessory movements are component motions and joint play. 

Component motions. These are motions that accompany
active motion but are not under voluntary control. The term
is often used synonymously with accessory movement. For
example, motions such as upward rotation of the scapula and
rotation of the clavicle, which occur with shoulder flexion,

128 Definitions of Terms
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and rotation of the fibula, which occurs with ankle motions,
are component motions.

Joint play. Joint play describes the motions that occur be-
tween the joint surfaces and also the distensibility or “give” in
the joint capsule, which allows the bones to move. The move-
ments are necessary for normal joint functioning through the
ROM and can be demonstrated passively, but they cannot be
performed actively by the patient.30 The movements include
distraction, sliding, compression, rolling, and spinning of the
joint surfaces. The term arthrokinematics is used when these
motions of the bone surfaces within the joint are described.13

NOTE: Procedures to distract or slide the joint surfaces to
decrease pain or restore joint play are the fundamental joint
mobilization techniques described in this text.

Resting Position
The resting position, open-pack position, and loose-pack posi-
tion are terms that describe the position of the joint where the
greatest mobility is possible; that is, where the least amount
of tension is placed on the joint capsule and supporting liga-
ments. This position is typically used for testing joint play and
for applying the initial mobilization treatment. 

Manipulation Under Anesthesia
Manipulation under anesthesia is a procedure used to restore
full ROM by breaking adhesions around a joint while the patient
is anesthetized. The technique may be a rapid thrust or a passive
stretch using physiological or accessory movements. Therapists
may assist surgeons in the application of these skilled techniques
in the operating room and continue with follow-up care.

Muscle Energy
Muscle energy techniques use active contraction of deep mus-
cles that attach near the joint and whose line of pull can cause
the desired accessory motion. The technique requires the
therapist to provide stabilization to the segment on which the
distal aspect of the muscle attaches. A command for an iso-
metric contraction of the muscle is given that causes accessory
movement of the joint. Several specific muscle energy tech-
niques are described for the sacroiliac joint in Chapter 15 and
for the subcranial region of the cervical spine in Chapter 16.

Basic Concepts of Joint
Motion: Arthrokinematics

Joint Shapes
The type of motion occurring between bony partners in a
synovial joint is influenced by the shape of the joint surfaces.
The shape may be described as ovoid or sellar.13,17,19,33

■  In ovoid joints, one surface is convex and the other is
concave (Fig. 5.1 A).

■  In sellar (saddle) joints, one surface is concave in one di-
rection and convex in the other, with the opposing surface
convex and concave, respectively—similar to a horseback
rider being in complementary opposition to the shape of a
saddle (Fig. 5.1 B).

Types of Motion
As a bony lever moves about an axis of motion, there is also
movement of the bone surface on the opposing bone surface
in the joint.

■  The movement of the bony lever is called swing and is clas-
sically described as flexion, extension, abduction, adduc-
tion, and rotation. The amount of movement can be
measured in degrees with a goniometer and is called ROM.

■  Motion of the bone surfaces in the joint is a variable com-
bination of rolling and sliding, or spinning.13,17,19,33 These
accessory motions allow greater angulation of the bone as
it swings. For the rolling, sliding, or spinning to occur, there
must be adequate capsule laxity or joint play.

Roll
Characteristics of one bone rolling on another (Fig. 5.2) are
as follows:

■  The surfaces are incongruent.
■  New points on one surface meet new points on the oppos-

ing surface.
■  Rolling results in angular motion of the bone (swing).
■  Rolling is always in the same direction as the swinging bone

motion whether the surface is convex (Fig. 5.3 A) or con-
cave (Fig. 5.3 B).

■  Rolling, if it occurs alone, causes compression of the sur-
faces on the side to which the bone is swinging and sepa-
ration on the other side. Passive stretching using bone
angulation alone may cause stressful compressive forces to
portions of the joint surface, potentially leading to joint
damage.
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A
B

FIGURE 5.1 (A) With ovoid joints, one surface is convex and the
other is concave. (B) With saddle (sellar) joints, one surface is con-
cave in one direction and convex in the other, with the opposing 
surface convex and concave, respectively.
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■  In normally functioning joints, pure rolling does not occur
alone but in combination with joint sliding and spinning.

Slide/Translation
Characteristics of one bone sliding (translating) across an-
other include the following:

■  For a pure slide, the surfaces must be congruent, either flat
(Fig. 5.4 A) or curved (Fig. 5.4 B).

■  The same point on one surface comes into contact with the
new points on the opposing surface.

■  Pure sliding does not occur in joints because the surfaces
are not completely congruent.

■  The direction in which sliding occurs depends on whether
the moving surface is concave or convex. Sliding is in the
opposite direction of the angular movement of the bone if
the moving joint surface is convex (Fig. 5.5 A). Sliding is in
the same direction as the angular movement of the bone if
the moving surface is concave (Fig. 5.5 B).

NOTE: This mechanical relationship is known as the convex-
concave rule and is the theoretical basis for determining the 
direction of the mobilizing force when joint gliding techniques
are used.15

 FOCUS ON EVIDENCE
Several studies11,14,16 have examined the translational move-
ment of the humeral head with shoulder motions and have
documented translations opposite to what is predicted by the
convex-concave rule. Hsu and associates15 proposed that this
apparent contradiction to the convex-concave rule is the re-
sult of asymmetrical tightening of the shoulder joint capsule
during movement resulting in translation of the moving bone
opposite to the direction of capsular tightening. They docu-
mented that stretching the tight capsule with translations that
affect the restricting tissues leads to greater ROM in cadaver
shoulder joints. This apparent contradiction is further dis-
cussed in an editorial that points out the potential misinter-
pretation of the results of studies that appear to negate the
convex-concave arthrokinematic descriptors; that it is impor-
tant to recognize the size of the joint surfaces, starting position/
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FIGURE 5.2 Representation of one surface rolling on another. New
points on one surface meet new points on the opposing surface.

FIGURE 5.3 Rolling is always in the same direction as bone motion,
whether the moving bone is (A) convex or (B) concave.

A

B

Roll

Roll

FIGURE 5.4 Representation of one surface sliding on another,
whether (A) flat or (B) curved. The same point on one surface
comes into contact with new points on the opposing surface.

A

B

Roll

Roll

Slide

Slide

Angular
movement

Angular
movement

FIGURE 5.5 Representation of the concave-convex rule. (A) If the
surface of the moving bone is convex, sliding is in the direction oppo-
site to that of the angular movement of the bone. (B) If the surface of
the moving bone is concave, sliding is in the same direction as the
angular movement of the bone.
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relationship of the joint surface, not just the end position, as
well as effect of capsule tightness .28

Combined Roll-Sliding in a Joint
■  The more congruent the joint surfaces are, the more sliding

there is of one bony partner on the other with movement.
■  The more incongruent the joint surfaces are, the more rolling

there is of one bony partner on the other with movement.
■  When muscles actively contract to move a bone, some of

the muscles may cause or control the sliding movement of
the joint surfaces. For example, the caudal sliding motion
of the humeral head during shoulder abduction is caused
by the rotator cuff muscles, and the posterior sliding of the
tibia during knee flexion is caused by the hamstring mus-
cles. If this function is lost, the resulting abnormal joint
mechanics may cause microtrauma and joint dysfunction.

■  The joint mobilization techniques described in this chapter
use the sliding component of joint motion to restore joint
play and reverse joint hypomobility. Rolling (passive angu-
lar stretching) is not used to stretch tight joint capsules 
because it causes joint compression.

CLINICAL TIP
When the therapist applies a passive accessory motion to
the articulating surface using the slide component of joint
motion, the technique is called translatoric glide, translation,
or simply glide.17 It is used to control pain when applied gently
or to stretch the capsule when applied with a stretch force.

Spin
Characteristics of one bone spinning on another include the
following:

■  There is rotation of a segment about a stationary mechan-
ical axis (Fig. 5.6).

■  The same point on the moving surface creates an arc of a
circle as the bone spins.

■  Spinning rarely occurs alone in joints but in combination
with rolling and sliding.

■  Three examples of spin occurring in joints of the body are
the shoulder with flexion/extension, the hip with flexion/
extension, and the radiohumeral joint with pronation/
supination (Fig. 5.7).

Passive-Angular Stretching Versus
Joint-Glide Stretching
■  Passive-angular stretching procedures, as when the bony

lever is used to stretch a tight joint capsule, may cause 
increased pain or joint trauma because:
■ The use of a lever magnifies the force at the joint.
■ The force causes compression of the joint surfaces in the

direction of the rolling bone (see Fig. 5.3).
■ The roll without a slide does not replicate normal joint

mechanics.
■  Joint glide stretching procedures, as when the translatoric

slide component of the joint function is used to stretch a
tight capsule, are safer and more selective because:
■ The force is applied close to the joint surface and con-

trolled at an intensity compatible with the pathology.
■ The direction of the force replicates the sliding compo-

nent of the joint mechanics and does not compress the
cartilage.

■ The amplitude of the motion is small yet specific to
the restricted or adherent portion of the capsule or
ligaments. Thus, the forces are selectively applied to the
desired tissue.

Other Accessory Motions That Affect
the Joint
Compression
Compression is the decrease in the joint space between bony
partners.

■  Compression normally occurs in the extremity and spinal
joints when weight bearing.
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FIGURE 5.6 Representation of spinning. There is rotation of a seg-
ment about a stationary mechanical axis.

FIGURE 5.7 Examples of joint spin locations in the body. (A) Humerus
with flexion/extension; (B) Femur with flexion/extension; (C) Head of
the radius with pronation/supination.
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■  Some compression occurs as muscles contract, which
provides stability to the joints.

■  As one bone rolls on the other (see Fig. 5.3), some compres-
sion also occurs on the side to which the bone is angulating.

■  Normal intermittent compressive loads help move synovial
fluid and thus help maintain cartilage health.

■  Abnormally high compression loads may lead to articular
cartilage changes and deterioration.19

Traction/Distraction  VIDEO 5.1
Traction and distraction are not synonymous. Traction is a
longitudinal pull. Distraction is a separation, or pulling apart.

■  Separation of the joint surfaces (distraction) does not always
occur when a traction force is applied to the long axis of a
bone. For example, if traction is applied to the shaft of the
humerus when the arm is at the side, it results in a glide of
the joint surface (Fig. 5.8 A). Distraction of the gleno-
humeral joint requires a force to be applied at right angles
to the glenoid fossa (Fig. 5.8 B).

Effects of Joint Motion
Joint motion stimulates biological activity by moving synovial
fluid, which brings nutrients to the avascular articular carti-
lage of the joint surfaces and intra-articular fibrocartilage of
the menisci.19 Atrophy of the articular cartilage begins soon
after immobilization is imposed on joints.1,8,9

Extensibility and tensile strength of the articular and peri-
articular tissues are maintained with joint motion. With
immobilization there is fibrofatty proliferation, which causes
intra-articular adhesions as well as biochemical changes in
tendon, ligament, and joint capsule tissue, which in turn
causes joint contractures and ligamentous weakening.1

Afferent nerve impulses from joint receptors transmit
information to the central nervous system and therefore
provide awareness of position and motion. With injury,
swelling within the joint, or joint degeneration, there is a
potential decrease in an important source of proprioceptive
feedback that may affect an individual’s balance response.13,34

Joint motion provides sensory input relative to:36,37

■  Static position and sense of speed of movement (type I 
receptors found in the superficial joint capsule)

■  Change of speed of movement (type II receptors found in
deep layers of the joint capsule and articular fat pads)

■  Sense of direction of movement (type I and III receptors;
type III found in joint ligaments).

■  Regulation of muscle tone (type I, II, and III receptors)
■  Nociceptive stimuli (type IV receptors found in the fibrous

capsule, ligaments, articular fat pads, periosteum, and walls
of blood vessels)

Indications and Limitations
for Use of Joint Mobilization/
Manipulation

Gentle mobilizations may be used to treat pain and muscle
guarding, whereas stretching techniques are used to treat re-
stricted movement in order to improve the functional mobility.

Pain, Muscle Guarding, and Spasm
Painful joints, reflex muscle guarding, and muscle spasm can
be treated with gentle joint-play techniques to stimulate neu-
rophysiological and mechanical effects.12

Neurophysiological Effects
Small-amplitude oscillatory and distraction movements are
used to stimulate the mechanoreceptors that may inhibit the
transmission of nociceptive stimuli at the spinal cord or brain
stem levels.30,33

Mechanical Effects
Small-amplitude distraction or gliding movements of the
joint are used to cause synovial fluid motion, which is the 
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A B
FIGURE 5.8 (A) Traction applied to the shaft of the humerus results
in caudal gliding of the joint surface; (B) Distraction of the gleno-
humeral joint requires separation at right angles to the glenoid fossa.

■  For clarity in this textbook, whenever there is to be a
pulling force applied to the long axis of a bone, the term
long-axis traction is used. Whenever the surfaces are to be
separated, the term distraction, joint traction, or joint sepa-
ration is used.

CLINICAL TIP
For joint mobilization/manipulation techniques, distraction
is used to control or relieve pain when applied gently or to
stretch the capsule when applied with a stretch force. For 
patient comfort a slight distraction force is used when apply-
ing stretch gliding techniques.
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vehicle for bringing nutrients to the avascular portions of the
articular cartilage (and intra-articular fibrocartilage when
present). Gentle joint-play techniques help maintain nutrient
exchange and thus prevent the painful and degenerating ef-
fects of stasis when a joint is swollen or painful and cannot
move through the ROM. When applied to treat pain, muscle
guarding, or muscle spasm, these techniques should not place
stretch on the reactive tissues (see section on Contraindica-
tions and Precautions).

Reversible Joint Hypomobility
Reversible joint hypomobility can be treated with progressively
vigorous joint-play stretching techniques to elongate hypomo-
bile capsular and ligamentous connective tissue. Sustained
or oscillatory stretch forces are used to distend the shortened
tissue mechanically.12,17

Positional Faults/Subluxations
A faulty position of one bony partner with respect to its 
opposing surface may result in limited motion or pain. This
can occur with a traumatic injury, after periods of immobility,
or with muscle imbalances. The faulty positioning may be
perpetuated with maladapted neuromuscular control across
the joint, so whenever attempting active ROM, there is faulty
tracking of the joint surfaces resulting in pain or limited 
motion. MWM techniques attempt to realign the bony partners
while the person actively moves the joint through its ROM.26

Thrust techniques are used to reposition an obvious subluxa-
tion, such as a pulled elbow or capitate-lunate subluxation.

Progressive Limitation
Diseases that progressively limit movement can be treated
with joint-play techniques to maintain available motion or
retard progressive mechanical restrictions. The dosage of
distraction or glide is dictated by the patient’s response to
treatment and the state of the disease.

Functional Immobility
When a patient cannot functionally move a joint for a period
of time, the joint can be treated with nonstretch gliding or
distraction techniques to maintain available joint play and pre-
vent the degenerating and restricting effects of immobility.

 FOCUS ON EVIDENCE
DiFabio7 summarized evidence on the effectiveness of manual
therapy (primarily mobilization/manipulation) for patients
with somatic pain syndromes in the low back region and con-
cluded that there was significantly greater improvement in
patients receiving manual therapy than in controls. Boisson-
nault and associates5 cited several studies that demonstrated
the effectiveness of manual therapy interventions (defined as

“a continuum of skilled passive movements to the joints
and/or related soft tissues that are applied at varying speeds
and amplitudes”) in patients with low back pain as well as
shoulder impingement, knee osteoarthritis, and cervical pain.
However, there is a lack of randomized, controlled studies
on the effects of mobilization for all the peripheral joints.
Case studies that describe patient selection and/or interven-
tions using joint mobilization/manipulation techniques are
identified in various chapters in this text (see Chapters 15 and
17 to 22).

Limitations of Joint Mobilization/
Manipulation Techniques
Joint techniques cannot change the disease process of disor-
ders such as rheumatoid arthritis or the inflammatory process
of injury. In these cases, treatment is directed toward mini-
mizing pain, maintaining available joint play, and reducing
the effects of any mechanical limitations (see Chapter 11).

The skill of the therapist affects the outcome. The tech-
niques described in this text are relatively safe if directions
are followed and precautions are heeded. However, if these
techniques are used indiscriminately on patients not prop-
erly examined and screened for such maneuvers or if they
are applied too vigorously for the condition, joint trauma
or hypermobility may result.

Contraindications 
and Precautions

The only true contraindications to mobilization/manipulation
stretching techniques are hypermobility, joint effusion, and
inflammation.

Hypermobility
■  The joints of patients with potential necrosis of the liga-

ments or capsule should not be mobilized with stretching
techniques.

■  Patients with painful hypermobile joints may benefit from
gentle joint-play techniques if kept within the limits of
motion. Stretching is not done.

Joint Effusion
There may be joint swelling (effusion) due to trauma or disease.
Rapid swelling of a joint usually indicates bleeding in the joint
and may occur with trauma or diseases such as hemophilia.
Medical intervention is required for aspiration of the blood to
minimize its necrotizing effect on the articular cartilage. Slow
swelling (more than 4 hours) usually indicates serous effusion
(a build-up of excess synovial fluid) or edema in the joint due
to mild trauma, irritation, or a disease such as arthritis.
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■  Do not stretch a swollen joint with mobilization or passive
stretching techniques. The capsule is already on a stretch
by being distended to accommodate the extra fluid. The
limited motion is from the extra fluid and muscle response
to pain, not from shortened fibers.

■  Gentle oscillating motions that do not stress or stretch the
capsule may help block the transmission of a pain stimulus
so it is not perceived and also may help improve fluid flow
while maintaining available joint play.

■  If the patient’s response to gentle techniques results in 
increased pain or joint irritability, the techniques were 
applied too vigorously or should not have been done with
the current state of pathology.

Inflammation
Whenever inflammation is present, stretching increases pain
and muscle guarding and results in greater tissue damage.
Gentle oscillating or distraction motions may temporarily 
inhibit the pain response. See Chapter 10 for an appropriate
approach to treatment when inflammation is present.

Conditions Requiring Special
Precautions for Stretching
In most cases, joint mobilization/manipulation techniques are
safer than passive angular stretching, in which the bony lever
is used to stretch tight tissue and joint compression results.
Mobilization may be used with extreme care in the following
conditions if the signs and the patient’s response are favorable.

■  Malignancy
■  Bone disease detectable on radiographs
■  Unhealed fracture (The site of the fracture and the stabi-

lization provided will dictate whether or not manipulative
techniques can be safely applied.)

■  Excessive pain (Determine the cause of pain and modify
treatment accordingly.)

■  Hypermobility in associated joints (Associated joints must
be properly stabilized so the mobilization force is not trans-
mitted to them.)

■  Total joint replacements (The mechanism of the replace-
ment is self-limiting, and therefore the mobilization tech-
niques may be inappropriate.)

■  Newly formed or weakened connective tissue such as im-
mediately after injury, surgery, or disuse or when the pa-
tient is taking certain medications such as corticosteroids
(Gentle progressive techniques within the tolerance of the
tissue help align the developing fibrils, but forceful tech-
niques are destructive.)

■  Systemic connective tissue diseases such as rheumatoid
arthritis, in which the disease weakens the connective tissue
(Gentle techniques may benefit restricted tissue, but forceful
techniques may rupture tissue and result in instabilities.)

■  Elderly individuals with weakened connective tissue and
diminished circulation (Gentle techniques within the tol-
erance of the tissue may be beneficial to increase mobility.)

Procedures for Applying
Passive Joint Techniques

Examination and Evaluation
If the patient has limited or painful motion, examine and 
decide which tissues are limiting function and the state of
pathology. Determine whether treatment should be directed
primarily toward relieving pain or stretching a joint or soft
tissue limitation.5,12

Quality of Pain
The quality of pain when testing the ROM helps determine
the stage of recovery and the dosage of techniques used for
treatment (see Fig. 10.2).

■  If pain is experienced before tissue limitation—such as
the pain that occurs with muscle guarding after an acute 
injury or during the active stage of a disease—gentle pain-
inhibiting joint techniques may be used. The same techniques
also can help maintain joint play (see the next section on
Grades or Dosages of Movement). Stretching under these
circumstances is contraindicated.

■  If pain is experienced concurrently with tissue limitation—
such as the pain and limitation that occur when damaged
tissue begins to heal—the limitation is treated cautiously.
Gentle stretching techniques specific to the tight structure
are used to improve movement gradually yet not exacer-
bate the pain by reinjuring the tissue.

■  If pain is experienced after tissue limitation is met because
of stretching of tight capsular or periarticular tissue, the
stiff joint can be aggressively stretched with joint-play
techniques and the periarticular tissue with the stretching
techniques described in Chapter 4.

Capsular Restriction
The joint capsule is limiting motion and should respond to
mobilization techniques if some or all of the following signs
are present.

■  The passive ROM for that joint is limited in a capsular
pattern. (These patterns are described for each peripheral
joint under the respective sections on joint problems in
Chapters 17 through 22).

■  There is a firm capsular end-feel when overpressure is
applied to the tissues limiting the range.

■  There is decreased joint-play movement when mobility
tests (articulations) are performed.

■  An adhered or contracted ligament is limiting motion if
there is decreased joint play and pain when the fibers of
the ligament are stressed; ligaments often respond to joint
mobilization techniques if applied specific to their line of
stress.

Subluxation or Dislocation
Subluxation or dislocation of one bony part on another and
loose intra-articular structures that block normal motion
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may respond to thrust techniques. Some of the simpler thrust
techniques for extremity joints are described in the respective
chapters in this text; thrust techniques for the spine are 
described in Chapter 16.

Documentation
Use of standardized terminology for communication is rec-
ommended in order to facilitate research on effective outcomes
using mobilization/manipulation. A task force formed by the
American Academy of Orthopaedic Manual Physical Thera-
pists published recommendations regarding the characteristics
to use in the description of manipulative techniques.24 These
are listed in Box 5.1.

The principles describing the rate of application of the force,
location in range of available movement, and direction and tar-
get of force that the therapist applies are described in this sec-
tion. The actual target of force, structural movement, and
patient position are specific to each joint technique; these are
described in the section on peripheral joint mobilization tech-
niques in this chapter, for the temporomandibular joint in
Chapter 15, and for the spine in Chapter 16.

Grades or Dosages of Movement for
Non-Thrust and Thrust Techniques
Two systems of grading dosages (or rate of application) and
their application in the range of available motion have been
popularized.12,17

Non-Thrust Oscillation Techniques (Fig. 5.9)
The oscillations may be performed using physiological 
(osteokinematic) motions or joint-play (arthrokinematic)
techniques.

Dosage and Rate of Application
Grade I. Small-amplitude rhythmic oscillations are per-
formed at the beginning of the range. They are usually rapid
oscillations, like manual vibrations.

Grade II. Large-amplitude rhythmic oscillations are per-
formed within the range, not reaching the limit. They are usu-
ally performed at two or three per second for 1 to 2 minutes.

Grade III. Large-amplitude rhythmic oscillations are per-
formed up to the limit of the available motion and are stressed
into the tissue resistance. They are usually performed at two
or three per second for 1 to 2 minutes.

Grade IV. Small-amplitude rhythmic oscillations are per-
formed at the limit of the available motion and stressed into
the tissue resistance. They are usually rapid oscillations, like
manual vibrations.

Indications
■  Grades I and II are primarily used for treating joints lim-

ited by pain or muscle guarding. The oscillations may have
an inhibitory effect on the perception of painful stimuli
by repetitively stimulating mechanoreceptors that block
nociceptive pathways at the spinal cord or brain stem
levels.30,38 These nonstretch motions help move synovial
fluid to improve nutrition to the cartilage.

■   Grades III and IV are primarily used as stretching maneuvers.
■  Vary the speed of oscillations for different effects, such as

low amplitude and high speed, to inhibit pain or slow speed
to relax muscle guarding.

Non-Thrust Sustained Joint-Play Techniques
(Fig. 5.10)
This grading system describes only joint-play techniques
that separate (distract) or glide/translate (slide) the joint
surfaces.

Dosages and Rate of Application
As indicated by the name, rate of application is slow and sus-
tained for several seconds followed by partial relaxation and
then repeated depending on the indications.
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BOX 5.1 Characteristics to Describe
Mobilization and Manipulation
Techniques for Documentation24

1. Rate of application of the force
2. Location in range of available movement
3. Direction of force as applied by the therapist
4. Target of force (The specific structure to which the force

is applied is described identifying palpable anatomical
structures.)

5. Relative structural movement (The structure that is to
move is identified first, followed by the structure that is
kept stable.)

6. Patient position

FIGURE 5.9 Representation of oscillation techniques. (Adapted
from Hengeveld, E, and Banks, K: Maitland’s Peripheral Manipulation,
ed. 4. Oxford: Butterworth Heinemann, 2005.12)
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Grade I (loosen). Small-amplitude distraction is applied
when no stress is placed on the capsule. It equalizes cohesive
forces, muscle tension, and atmospheric pressure acting on
the joint.

Grade II (tighten). Enough distraction or glide is applied
to tighten the tissues around the joint. Kaltenborn15 called
this “taking up the slack.”

Grade III (stretch). A distraction or glide is applied with an
amplitude large enough to place stretch on the joint capsule
and surrounding periarticular structures.

Indications
■  Grade I distraction is used with all gliding motions and

may be used for relief of pain. Apply intermittent distrac-
tion for 7 to 10 seconds with a few seconds of rest in be-
tween for several cycles. Note the response and either repeat
or discontinue.

■  Grade II distraction is used for the initial treatment to de-
termine the sensitivity of the joint. Once the joint reaction
is known, the treatment dosage is increased or decreased
accordingly.

■  Gentle grade II distraction applied intermittently may be
used to inhibit pain. Grade II glides may be used to main-
tain joint play when ROM is not allowed.

■  Grade III distractions or glides are used to stretch the joint
structures and thus increase joint play. For restricted joints,
apply a minimum of a 6-second stretch force followed by
partial release (to grade I or II), then repeat with slow, 
intermittent stretches at 3- to 4-second intervals.

Comparison of Oscillation and Sustained
Techniques
When using either grading system, dosages I and II are low
intensity and so do not cause a stretch force on the joint cap-
sule or surrounding tissue, although by definition, sustained

grade II techniques take up the slack of the tissues, whereas
grade II oscillation techniques stay within the slack. Grades
III and IV oscillations and grade III sustained stretch tech-
niques are similar in intensity in that they all are applied with
a stretch force at the limit of motion. The differences are re-
lated to the rhythm or speed of repetition of the stretch force.

■  For clarity and consistency, when referring to dosages in
this text, the notation graded oscillations means to use the
dosages as described in the section on oscillation tech-
niques. The notation sustained grade means to use the
dosages as described in the section on sustained joint-play
techniques.

■  The choice of using oscillating or sustained techniques 
depends on the patient’s response.
■ When dealing with managing pain, either grade I or II

oscillation techniques or slow intermittent grade I or II
sustained joint distraction techniques are recommended;
the patient’s response dictates the intensity and frequency
of the joint-play technique.

■ When dealing with loss of joint play and thus decreased
functional range, sustained techniques applied in a cyclic
manner are recommended; the longer the stretch force
can be maintained, the greater the creep and plastic
deformation of the connective tissue.

■ When attempting to maintain available range by using
joint-play techniques, either grade II oscillating or 
sustained grade II techniques can be used.

Thrust Manipulation/High Velocity Thrust
HVT is a small-amplitude, high-velocity technique.

Application
■  Prior to application, the joint is moved to the limit of the

motion so that all slack is taken out of the tissue, then a
quick thrust is applied to the restricting tissue. It is impor-
tant to keep the amplitude of the thrust small so as not to
damage unrelated tissues or lose control of the maneuver.

■  HVT is applied with one repetition only.

Indications
HVT is used to snap adhesions or is applied to a dislocated
structure to reposition the joint surfaces.

Positioning and Stabilization
■  The patient and the extremity to be treated should be 

positioned so the patient can relax. To relax the muscles
crossing the joint, techniques of inhibition (see Chapter 4)
may be used prior to or between mobilization techniques.

■  Examination of joint play (passive accessory motion) and
the first treatment are initially performed in the loose pack
or the resting position for that joint so that the greatest
capsule laxity is possible. In some cases, the position to use
is the one in which the joint is least painful.

■  With progression of treatment, the joint is positioned at or
near the end of the available range prior to application of
the mobilization force. This places the restricting tissue in
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FIGURE 5.10 Representation of sustained joint-play techniques.
(Adapted from Kaltenborn, FM, et al: Manual Mobilization of the
Joints: Joint Examination and Basic Treatment, Vol I: The Extremities,
ed. 8. Oslo, Norway: Norli, 2014.17)
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its most lengthened position where the stretch force can be
more specific and effective.17

■  Firmly and comfortably stabilize one joint partner, usually
the proximal bone. A belt, one of the therapist’s hands, 
or an assistant holding the part may provide stabilization.
Appropriate stabilization prevents unwanted stress to 
surrounding tissues and joints and makes the stretch force
more specific and effective.

Direction and Target of Treatment
Force
■  The treatment force (either gentle or strong) is applied as

close to the opposing joint surface as possible. It is imper-
ative that the therapist be able to identify anatomical land-
marks and use these as guides for accurate hand placement
and force application. The larger the contact surface, the
more comfortable the patient will be with the procedure.
For example, instead of forcing with your thumb, use the
flat surface of your hand.

■  The direction of movement during treatment is either
parallel or perpendicular to the treatment plane. Treatment
plane was described by Kaltenborn17 as a plane perpendi-
cular to a line running from the axis of rotation to the
middle of the concave articular surface. The plane is in the
concave partner, so its position is determined by the posi-
tion of the concave bone (Fig. 5.11).

■  Gliding techniques are applied parallel to the treatment plane.
The direction of gliding may be determined by using the
convex-concave rule (described earlier in the chapter). If
the surface of the moving bony partner is convex, the treat-
ment glide should be opposite to the direction in which the
bone swings. If the surface of the moving bony partner is
concave, the treatment glide should be in the same direc-
tion (see Fig. 5.5). Or, if a restricted feel is identified during
the examination, the glide is performed in the direction
that stretches the restriction. 

■  The entire bone is moved so there is gliding of one joint
surface on the other. The bone should not be used as a
lever; it should have no arcing motion (swing), which
would cause rolling and thus compression of the joint
surfaces.

Initiation and Progression 
of Treatment (Fig. 5.12)
1. The initial treatment is the same whether treating to de-

crease pain or increase joint play. The purpose is to deter-
mine joint reactivity before proceeding. Use a sustained
grade II distraction of the joint surfaces with the joint held
in resting position or the position where the greatest
mobility is detected.17 Note the immediate joint response
relative to irritability and range.

2. The next day, evaluate the joint response or have the 
patient report the response at the next visit.
■ If there is increased pain and sensitivity, reduce the 

amplitude of treatment to grade I oscillations.
■ If the joint is the same or better, perform either of the

following: Repeat the same maneuver if the goal of treat-
ment is to maintain joint play, or progress the maneuver
to stretching techniques if the goal of treatment is to
increase joint play.

3. To maintain joint play by using gliding techniques when
ROM techniques are contraindicated or not possible for a
period of time, use sustained grade II or grade II oscillation
techniques.

4. To progress the stretch technique, move the bone to the
end of the available ROM17 and then apply a sustained
grade III distraction or glide technique. Progressions in-
clude prepositioning the bone at the end of the available
range and rotating it prior to applying grade III distraction
or glide techniques. The direction of the glide and rotation
is dictated by the joint mechanics. For example, laterally
rotate the humerus as shoulder abduction is progressed;
medially rotate the tibia as knee flexion is progressed.

CLINICAL TIP
For effective mobilization:

■  Warm the tissue around the joint prior to stretching.
Modalities, massage, or gentle muscle contractions increase
the circulation and warm the tissues.
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Distraction Distraction

FIGURE 5.11 Treatment plane (T.P.) is at right angles to a line drawn
from the axis of rotation to the center of the concave articulating 
surface and lies in the concave surface. Joint traction (distraction) 
is applied perpendicular to and glides parallel to the T.P.

■  Distraction techniques are applied perpendicular to the
treatment plane. The entire bone is moved so the joint sur-
faces are separated.
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■   Muscle relaxation techniques and grade I and II oscillation
techniques may inhibit muscle guarding and should be alter-
nated with sustained stretching techniques, if necessary.

■  When using grade III gliding techniques, a grade I distrac-
tion should be used with it. A grade II or III distraction
should not be used with a grade III glide to avoid excessive
trauma to the joint.

■  If gliding in the restricted direction is too painful, begin
gliding mobilizations in the painless direction. Progress to
gliding in the restricted direction when mobility improves
and pain decreases.

■  When stretching to increase joint play, move the bony part-
ner through the available range of joint play first—that is,
“take up the slack.” When tissue resistance is felt, apply the
stretch force against the restriction.

■  Incorporate MWM techniques (described in the following
section) as part of the total approach to treatment.

Patient Response
■  Stretching maneuvers usually cause soreness. Perform the

maneuvers on alternate days to allow the soreness to decrease
and tissue healing to occur between stretching sessions. The
patient should perform ROM into any newly gained range
during this time.

■  If there is increased pain lasting longer than 24 hours after
stretching, the dosage (amplitude) or duration of treatment
was too vigorous. Decrease the dosage or duration until the
pain is under control.

■  The patient’s joint and ROM should be reassessed after
treatment and again before the next treatment. Alterations
in treatment are dictated by the joint response.

Total Program
Mobilization techniques are one part of a total treatment 
program when there is decreased function. If muscles or con-
nective tissues are also limiting motion, PNF stretching and
passive stretching techniques are alternated with joint mobi-
lization during the same treatment session. Interventions
should also include appropriate ROM, strengthening, and
functional exercises, so the patient learns effective control and
use of the gained mobility (Box 5.2).
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Initial Treatment:

Day Two: Patient Response

Sustained Grade ll Joint Traction in R.P.

or

Increased pain
or inflammation

same or better

or

Treatment

Progress:

Grade l oscillations in R.P.
to control pain

Sustained Grade ll
traction or glides in
R.P. to maintain joint
play

Same:
D.C. when patient
can move own
extremity

If gliding in
restricted direction
painful, glide in
painless direction

Sustained Grade lll
techniques to increase
joint play

or

If restricted without
pain glide in restricted
direction at end of
available range

Grade ll oscillations

Progress by adding
rotation prior to
traction or glide

FIGURE 5.12 Initiation and progression of treatment.

BOX 5.2 Suggested Sequence of Treatment 
to Gain and Reinforce Functional
Mobility

1. Warm the tissues
2. Relax the muscles

■ Hold-relax inhibition technique
■ Grade I or II joint oscillation techniques

3. Joint mobilization stretches
■ Position and dosage for level of tissue tolerance

5. Passive stretch periarticular tissues
6. Patient actively uses new range

■ Reciprocal inhibition
■ Active ROM
■ Functional activities

7. Maintain new range; patient instruction
■ Self-stretching
■ Auto-mobilization
■ Active, resistive ROM
■ Functional activities using the new range
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Mobilization With
Movement: Principles 
of Application

Brian Mulligan’s concept of MWM is the natural continuance
of progression in the development of manual therapy from
active self-stretching exercises, to therapist-applied passive
physiological movement, to passive accessory mobilization
techniques.23 MWM is the concurrent application of pain-free
accessory mobilization with active and/or passive physiolog-
ical movement.26 Passive end-range overpressure or stretching
is then applied without pain as a barrier. These techniques are
applicable when:

■  No contraindication for manual therapy exists (described
earlier in the chapter).

■  A full orthopedic examination has been completed, and
evaluation of the results indicates local musculoskeletal
pathology.

■  A specific biomechanical analysis reveals localized loss of
movement and/or pain associated with function.

■  No pain is produced during or immediately after applica-
tion of the technique.22

Principles and Application of MWM
in Clinical Practice
Comparable sign. One or more comparable signs are iden-
tified during the examination.12 A comparable sign is a positive
test sign that can be repeated after a therapeutic maneuver to
determine the effectiveness of the maneuver. For example, a
comparable sign may include loss of joint play movement, loss
of ROM, or pain associated with movement during specific
functional activities, such as lateral elbow pain with resisted
wrist extension, painful restriction of ankle dorsiflexion, or
pain with overhead reaching.

Passive techniques. A passive joint mobilization is applied
using the principles described in the previous section follow-
ing the principles of Kaltenborn.17 Utilizing knowledge of
joint anatomy and mechanics, a sense of tissue tension, and
sound clinical reasoning, the therapist investigates various
combinations of parallel or perpendicular accessory glides to
find the pain-free direction and grade of accessory move-
ment. This may be a glide, spin, distraction, or combination
of movements. This accessory motion must be pain-free.26

Accessory glide with active comparable sign. While the
therapist sustains the pain-free accessory force, the patient is
requested to perform the comparable sign. The comparable
sign should now be significantly improved—that is, there
should be increased ROM, and the motion should be free of
the original pain.26

No pain. The therapist must continuously monitor the pa-
tient’s reaction to ensure no pain is produced. Failure to improve
the comparable sign would indicate that the therapist has not

found the correct direction of accessory movement, the grade
of movement, or that the technique is not indicated.

Repetitions. The previously restricted and/or painful mo-
tion or activity is repeated 6 to 10 times by the patient while
the therapist continues to maintain the appropriate accessory
mobilization. Further gains are expected with repetition
during a treatment session, particularly when pain-free passive
overpressure is applied to achieve end-range loading.

Description of techniques. Techniques applicable to the 
extremity joints are described throughout this text in the
treatment sections for various conditions (see Chapters 17
through 22).

Patient Response and Progression
Pain as a guide. Successful MWM techniques should render
the comparable sign painless while significantly improving
function during the application of the technique.

Self-treatment. Once patient response is determined, self-
treatment is often possible using MWM principles with
sports-type adhesive tape and/or the patient providing the
mobilization component of the MWM concurrent with the
active physiological movement.10

Total program. Having restored articular function with
MWMs, the patient is progressed through the ensuing re-
habilitation sequences of the recovery of muscular power,
endurance, and neural control. Sustained improvements are
necessary to justify ongoing intervention.

Theoretical Framework
Mulligan postulated a positional fault model to explain the
results gained through his concept. Alternatively, inappro-
priate joint tracking mechanisms due to an altered instanta-
neous axis of rotation and neurophysiological response
models have also been considered.10,22,23,27 For further details
of the application of the Mulligan concept as it applies to the
spine and extremities, refer to Manual Therapy, “NAGS,”
“SNAGS,” “MWMS,” etc.26

 FOCUS ON EVIDENCE
Early research on the MWM approach confirms its benefits;
however, the mechanism by which it affects the musculoskeletal
system, whether mechanical or physiological, has yet to be fully
determined.4,18,29,31,32,35 A study by Paungmali and associates31

measured a significant reduction in pain, increased grip
strength, and increased sympathetic nervous system response
immediately following MWM for chronic lateral epicondylalgia
compared with a placebo intervention, results that were similar
to those in studies of spinal manipulation. They interpreted
this to imply that there is a multisystem response to manipula-
tion whether the spine or the elbow is manipulated.
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Peripheral Joint Mobilization
Techniques

The following are suggested joint distraction and gliding tech-
niques for use by entry-level therapists and those attempting
to gain a foundation in joint mobilization of extremity joints.
A variety of adaptations can be made from these techniques.
Some adaptations are described in the respective chapters in
which specific impairments and interventions are discussed
(see Chapters 17 through 22). The distraction and glide tech-
niques should be applied with respect to the dosage, frequency,
progression, precautions, and procedures as described earlier
in this chapter. Manipulation and HVT techniques for the
spine are described in Chapter 16.

NOTE: Terms, such as proximal hand, distal hand, lateral hand,
or other descriptive terms, indicate that the therapist should
use the hand that is more proximal, distal, or lateral to the patient
or the patient’s extremity.

Shoulder Girdle Complex

Joints of the shoulder girdle consist of three synovial 
articulations—sternoclavicular, acromioclavicular, and
glenohumeral—and the functional articulation of the scapula
gliding on the thorax (Fig. 5.13). To gain full elevation of the
humerus, the accessory and component motions of clavicular
elevation and rotation, scapular rotation, and external rota-
tion of the humerus, as well as adequate joint play, are neces-
sary. The clavicular and scapular techniques are described
following the glenohumeral joint techniques. For a review of
the mechanics of the shoulder complex, see Chapter 17.

Glenohumeral Joint
The concave glenoid fossa receives the convex humeral head.

Resting position. The shoulder is abducted 55o, horizontally
adducted 30o, and rotated so the forearm is in the horizontal
plane with respect to the body (called plane of the scapula).

Treatment plane. The treatment plane is in the glenoid fossa
and moves with the scapula as it rotates.

Stabilization. Fixate the scapula with a belt or have an assis-
tant help.

Glenohumeral Distraction (Fig. 5.14)  
VIDEO 5.1

Indications
Testing; initial treatment (sustained grade II); pain control
(grade I or II oscillations); general mobility (sustained
grade III).

Patient Position
Supine, with arm in the resting position. 

Therapist Position and Hand Placement
■  Stand at the patient’s side, facing toward his or her head.
■  Use the hand nearer the part being treated (e.g., left hand

if treating the patient’s left shoulder) and place it in the 
patient’s axilla with your thumb just distal to the joint mar-
gin anteriorly and fingers posteriorly. Support the forearm
between your trunk and elbow.

■  Your other hand supports the humerus from the lateral
surface.

Mobilizing Force
With the hand in the axilla, move the humerus laterally.

NOTE: The entire arm moves in a translatoric motion away
from the plane of the glenoid fossa. Distractions may be per-
formed with the humerus in any position (see Figs. 5.17, 5.19,
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Acromioclavicular

Sternoclavicular

Clavicular

ManubriumScapula

Humerus

Glenohumeral

FIGURE 5.13 Bones and joints of the shoulder girdle complex.

FIGURE 5.14 Glenohumeral joint: distraction in resting position.
Note that the force is perpendicular to the T.P. in the glenoid fossa.
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and 17.20). You must be aware of the amount of scapular rota-
tion and adjust the distraction force against the humerus, so it
is perpendicular to the plane of the glenoid fossa.

Glenohumeral Caudal Glide in Resting Position
(Fig. 5.15)  VIDEO 5.2

Indications
To increase abduction (sustained grade III); to reposition the
humeral head if superiorly positioned.

Patient Position
Supine, with arm in the resting position. 

Therapist Position and Hand Placement
■  Stand lateral to the patient’s arm being treated and support

the forearm between your trunk and elbow. Place one hand
in the patient’s axilla to provide a grade I distraction.

■  The web space of your other hand is placed just distal to
the acromion process.

Mobilizing Force
With the superiorly placed hand, glide the humerus in an in-
ferior direction.

Glenohumeral Caudal Glide (Long Axis Traction)

Patient Position
Supine, with arm in the resting position. 

Hand Placement and Mobilizing Force
Support the patient’s forearm between your trunk and elbow.
Grasp around the distal arm with both hands and apply the
force in a caudal direction as you shift your body weight 
toward the patient’s feet.

Glenohumeral Caudal Glide Progression 
(Fig. 5.16)

Indication
To increase abduction.

Patient Position
■  Supine or sitting, with the arm abducted to the end of its

available range.
■   External rotation of the humerus should be added to the end-

range position as the arm approaches and goes beyond 90°.

Therapist Position and Hand Placement
■  With the patient supine, stand facing the patient’s feet and

stabilize the patient’s arm against your trunk with the hand
farthest from the patient. Slight lateral motion of your
trunk provides grade I distraction via a long-axis traction.

■  With the patient sitting, stand behind the patient and
cradle the distal humerus with the hand farthest from the
patient; this hand provides a grade I distraction via a
long-axis traction.

■  Place the web space of your other hand just distal to the
acromion process on the proximal humerus.

Mobilizing Force
With the hand on the proximal humerus, glide the humerus
in an inferior direction with respect to the glenoid fossa of
the scapula.

Glenohumeral Elevation Progression (Fig. 5.17)

Indication
To increase elevation beyond 90° of abduction.
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FIGURE 5.15 Glenohumeral joint: caudal glide in the resting 
position. Note that the distraction force is applied by the hand in 
the axilla, and the caudal glide force is from the hand superior to 
the humeral head.

FIGURE 5.16 Glenohumeral joint: caudal glide with the shoulder
near 90°.
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Patient Position
Supine or sitting, with the arm abducted and externally rotated
to the end of its available range.

Therapist Position and Hand Placement
■  Hand placement is the same as for caudal glide progression.
■  Adjust your body position so the hand applying the mobi-

lizing force is aligned with the treatment plane in the glenoid
fossa.

■  With the hand grasping the elbow, apply a grade I distraction
force (this is a long axis traction as pictured in Fig. 5.17).

Mobilizing Force
■  With the hand on the proximal humerus, glide the humerus

in a progressively anterior direction against the inferior folds
of the capsule in the axilla.

■  The direction of force with respect to the patient’s body 
depends on the amount of upward rotation and protrac-
tion of the scapula.

Glenohumeral Posterior Glide, Resting Position
(Fig. 5.18)  VIDEO 5.3

Indications
To increase flexion; to increase internal rotation.

Patient Position
Supine, with the arm in resting position.

Therapist Position and Hand Placement
■  Stand with your back to the patient between the patient’s

trunk and arm.
■  Support the arm against your trunk, grasping the distal

humerus with your lateral hand. This position provides
grade I distraction to the joint.

■  Place the lateral border of your top hand just distal to the
anterior margin of the joint, with your fingers pointing 
superiorly. This hand gives the mobilizing force.

Mobilizing Force
Glide the humeral head posteriorly by moving the entire arm
as you bend your knees.

Glenohumeral Posterior Glide Progression 
(Fig. 5.19)

Indications
To increase posterior gliding when flexion approaches 90°; to
increase horizontal adduction.

Patient Position
Supine, with the arm flexed to 90° and internally rotated and
with the elbow flexed. The arm may also be placed in hori-
zontal adduction.

Hand Placement
■  Place padding under the scapula for stabilization.
■  Place one hand across the proximal surface of the humerus

to apply a grade I distraction.
■  Place your other hand over the patient’s elbow.
■  A belt placed around your pelvis and the proximal aspect

of the patient’s humerus may be used to apply the distrac-
tion force.

Mobilizing Force
Glide the humerus posteriorly by pushing down at the elbow
through the long axis of the humerus.
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FIGURE 5.17 Glenohumeral joint: elevation progression in the sit-
ting position. This is used when the range is greater than 90°. Note
the externally rotated position of the humerus; pressure against the
head of the humerus is toward the axilla.

FIGURE 5.18 Glenohumeral joint: posterior glide in the resting 
position.

5850_Ch05_127-165  17/08/17  5:53 PM  Page 142



Glenohumeral Anterior Glide, Resting Position
(Fig. 5.20)  VIDEO 5.4

Indications
To increase extension; to increase external rotation.

Patient Position
Prone, with the arm in resting position over the edge of 
the treatment table, supported on your thigh. Stabilize 
the acromion with padding. The supine position may also
be used.

Therapist Position and Hand Placement
■  Stand facing the top of the table with the leg closer to the

table in a forward stride position.
■  Support the patient’s arm against your thigh with your

outside hand; the arm positioned on your thigh provides
a grade I distraction.

■  Place the ulnar border of your other hand just distal to the
posterior angle of the acromion process, with your fingers
pointing superiorly; this hand gives the mobilizing force.

Mobilizing Force
Glide the humeral head in an anterior and slightly medial 
direction. Bend both knees so the entire arm moves anteriorly.

PRECAUTION: Do not lift the arm at the elbow and thereby
cause angulation of the humerus. Such angulation could lead to
anterior subluxation or dislocation of the humeral head. Do not
use this position to progress external rotation. Placing the shoul-
der in 90° abduction with external rotation and applying an an-
terior glide may cause anterior subluxation of the humeral head.

Glenohumeral External Rotation Progressions
(Fig. 5.21)  VIDEO 5.5

Indication
To increase external rotation.

Techniques
Because of the danger of subluxation when applying an an-
terior glide with the humerus externally rotated, use a distrac-
tion progression or elevation progression to gain range.

■  Distraction progression: Begin with the shoulder in resting
position, externally rotate the humerus to end-range, and
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FIGURE 5.19 Glenohumeral joint: posterior glide progression. 
(A) One hand or (B) a belt is used to exert a grade I distraction
force.

A

B

FIGURE 5.20 Glenohumeral joint: anterior glide in the resting position.
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then apply a grade III distraction perpendicular to the
treatment plane in the glenoid fossa.

■  Elevation progression (see Fig. 5.17): This technique incor-
porates end-range external rotation.

■  Several research studies have documented increased ex-
ternal rotation by using a posterior glide. This is partic-
ularly beneficial when the humeral head is anteriorly
displaced in the glenoid fossa and the posterior capsule
is tight.11,14,15,16

Acromioclavicular Joint
Indication. To increase mobility of the joint.

Stabilization. Fixate the scapula with your more lateral hand
around the acromion process.

Anterior Glide of Clavicle on Acromion 
(Fig. 5.22)

Patient Position
Sitting or prone.

Hand Placement
■  With the patient sitting, stand behind the patient and sta-

bilize the acromion process with the fingers of your lat-
eral hand.

■  The thumb of your other hand pushes downward through
the upper trapezius and is placed posteriorly on the clavicle,
just medial to the joint space.

■  With the patient prone, stabilize the acromion with a towel
roll under the shoulder.

Mobilizing Force
Push the clavicle anteriorly with your thumb.

Sternoclavicular Joint
Joint surfaces. The proximal articulating surface of the
clavicle is convex superiorly/inferiorly and concave anteriorly/
posteriorly with an articular disk between it and the
manubrium of the sternum.

Treatment plane. For protraction/retraction, the treatment
plane is in the clavicle. For elevation/depression, the treatment
plane is in the manubrium.

Patient position and stabilization. Supine; the thorax
provides stability to the sternum.

Sternoclavicular Posterior Glide and Superior
Glide (Fig. 5.23)

Indications
Posterior glide to increase retraction; superior glide to increase
depression of the clavicle.

Hand Placement
■  Place your thumb on the anterior surface of the proximal

end of the clavicle.
■  Flex your index finger and place the middle phalanx

along the caudal surface of the clavicle to support the
thumb.

Mobilizing Force
■  Posterior glide: Push with your thumb in a posterior 

direction.
■  Superior glide: Push with your index finger in a superior 

direction.
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FIGURE 5.21 Glenohumeral joint: distraction for external rotation
progression. Note that the humerus is positioned in the resting 
position with maximum external rotation prior to the application 
of distraction stretch force.

FIGURE 5.22 Acromioclavicular joint: anterior glide.
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Sternoclavicular Anterior Glide and Caudal
(Inferior) Glide (Fig. 5.24)

Indications
Anterior glide to increase protraction; caudal glide to increase
elevation of the clavicle.

Scapulothoracic Soft-Tissue
Mobilization (Fig. 5.25)  VIDEO 5.6

The scapulothoracic articulation is not a true joint, but the
soft tissue and muscles supporting the articulation are mobi-
lized to obtain scapular motions of elevation, depression, pro-
traction, retraction, upward and downward rotation, and
winging for normal shoulder girdle mobility.

Patient position. If there is considerable restriction in mo-
bility, begin prone and progress to side-lying, with the patient
facing you. Support the weight of the patient’s arm by draping
it over your inferior arm and allowing it to hang so the scapu-
lar muscles are relaxed.

Hand placement. Place your superior hand across the
acromion process to control the direction of motion. With
the fingers of your inferior hand, scoop under the medial
border and under the inferior angle of the scapula.

Mobilizing force. Move the scapula in the desired direction
by lifting from the inferior angle or by pushing on the acromion
process.

Elbow and Forearm Complex

The elbow and forearm complex consists of four joints:
humeroulnar, humeroradial, proximal radioulnar, and distal
radioulnar (Fig. 5.26). For full elbow flexion and extension,
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A
B

FIGURE 5.23 Sternoclavicular joint: posterior and superior glides.
(A) Press down with the thumb for posterior glide; (B) Press upward
with the index finger for superior glide.

FIGURE 5.24 Sternoclavicular joint: anterior and inferior glides. 
(A) Pull the clavicle upward for an anterior glide; (B) Press caudal-
ward with the curled fingers for an inferior glide.

A

B

Hand Placement
Your fingers are placed superiorly and thumb inferiorly
around the clavicle.

Mobilizing Force
■  Anterior glide: lift the clavicle anteriorly with your fingers

and thumb.
■  Caudal glide: press the clavicle inferiorly with your fingers.

FIGURE 5.25 Scapulothoracic articulation: elevation, depression,
protraction, retraction, upward and downward rotations, and
winging.
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accessory motions of varus and valgus (with radial and ulnar
glides) are necessary. The techniques for each of the joints as
well as accessory motions are described in this section. For a
review of the joint mechanics, see Chapter 18.

Humeroulnar Articulation
The convex trochlea articulates with the concave olecranon
fossa.

Resting position. Elbow is flexed 70°, and forearm is
supinated 10°.

Treatment plane. The treatment plane is in the olecranon
fossa, angled approximately 45° from the long axis of the ulna
(Fig. 5.27).

Stabilization. Fixate the humerus against the treatment
table with a belt or use an assistant to hold it. The patient may
roll onto his or her side and fixate the humerus with the con-
tralateral hand if muscle relaxation can be maintained around
the elbow joint being mobilized.

Humeroulnar Distraction and Progression 
(Fig. 5.28 A)  VIDEO 5.7

Indications
Testing; initial treatment (sustained grade II); pain control
(grade I or II oscillation); to increase flexion or extension
(grade III or IV).

Patient Position
Supine, with the elbow over the edge of the treatment table
or supported with padding just proximal to the olecranon
process. Rest the patient’s wrist against your shoulder, allow-
ing the elbow to be in resting position for the initial treat-
ment. To stretch into either flexion or extension, position the
joint at the end of its available range.

Hand Placement
■  When in the resting position or at end-range flexion, place

the fingers of your medial hand over the proximal ulna on
the volar surface; reinforce it with your other hand. 

■  To isolate the mobilization force to the humeroulnar artic-
ulation, be sure that your hand is not in contact with the
proximal radius. 

■  When at end-range extension, stand and place the base of
your proximal hand over the proximal portion of the ulna
and support the distal forearm with your other hand.

Mobilizing Force
Apply force against the proximal ulna at a 45° angle to the
shaft of the bone.

Humeroulnar Distal Glide (Fig. 5.28 B)

Indication
To increase flexion.
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FIGURE 5.26 Bones and joints of the elbow complex.

FIGURE 5.27 Lateral view of the humeroulnar joint, depicting the
treatment plane (T.P.).

T.P.

45°

FIGURE 5.28 Humeroulnar joint: (A) Distraction;
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Patient Position and Hand Placement
■  Supine, with the elbow over the edge of the treatment table. 
■  Begin with the elbow in resting position. Progress by posi-

tioning it at the end-range of flexion. 
■  Place the fingers of your medial hand over the proximal

ulna on the volar surface; reinforce it with your other hand.
To isolate the mobilization force to the humeroulnar artic-
ulation, be sure that your hand is not in contact with the
proximal radius. 

Mobilizing Force
First apply a distraction force to the joint at a 45° angle to the
ulna, then while maintaining the distraction, direct the force
in a distal direction along the long axis of the ulna using a
scooping motion.

Humeroulnar Radial Glide

Indication
To increase varus. This is an accessory motion of the joint that
accompanies elbow flexion and is therefore used to progress
flexion.

Patient Position
■  Side-lying on the arm to be mobilized, with the shoulder

laterally rotated and the humerus supported on the table.
■  Begin with the elbow in resting position; progress to end-

range flexion.

Hand Placement
Place the base of your proximal hand just distal to the elbow;
support the distal forearm with your other hand.

Mobilizing Force
Apply force against the ulna in a radial direction.

Humeroulnar Ulnar Glide

Indication
To increase valgus. This is an accessory motion of the joint
that accompanies elbow extension and is therefore used to
progress extension.

Patient Position
■  Same as for radial glide except a block or wedge is placed

under the proximal forearm for stabilization (using distal
stabilization).

■  Initially, the elbow is placed in resting position and is
progressed to end-range extension.

Mobilizing Force
Apply force against the distal humerus in a radial direction,
causing the ulna to glide ulnarly.

Humeroradial Articulation  VIDEO 5. 8

The convex capitulum articulates with the concave radial
head (see Fig. 5.26).

Resting position. Elbow is extended and forearm is
supinated to the end of the available range.

Treatment plane. The treatment plane is in the concave 
radial head perpendicular to the long axis of the radius.

Stabilization. Fixate the humerus with one of your hands.

Humeroradial Distraction (Fig. 5.29)

Indications
To increase mobility of the humeroradial joint; to manipulate
a pushed elbow (proximal displacement of the radius).
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FIGURE 5.28—cont’d (B) Humeroulnar distraction with distal glide
(scoop motion).

FIGURE 5.29 Humeroradial joint: distraction.

Patient Position
Supine or sitting, with the arm resting on the treatment table.

Therapist Position and Hand Placement
■  Position yourself on the ulnar side of the patient’s forearm

so you are between the patient’s hip and upper extremity.
■  Stabilize the patient’s humerus with your superior hand.
■  Grasp around the distal radius with the fingers and thenar

eminence of your inferior hand. Be sure you are not grasp-
ing around the distal ulna.

Mobilizing Force
Pull the radius distally (long-axis traction causes joint traction).
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Humeroradial Dorsal/Volar Glides (Fig. 5.30)

Indications
Dorsal glide head of the radius to increase elbow extension;
volar glide to increase flexion.

Patient Position
Supine or sitting with the elbow extended and supinated to
the end of the available range.

Hand Placement
■  Stabilize the humerus with your hand that is on the medial

side of the patient’s arm.
■   Place the palmar surface of your lateral hand on the volar as-

pect and your fingers on the dorsal aspect of the radial head.

Mobilizing Force
■  Move the radial head dorsally with the palm of your hand

or volarly with your fingers.
■  If a stronger force is needed for the volar glide, realign

your body and push with the base of your hand against
the dorsal surface in a volar direction.

Humeroradial Compression (Fig. 5.31)

Indication
To reduce a pulled elbow subluxation.

Patient Position
Sitting or supine.

Hand Placement
■  Approach the patient right hand to right hand or left hand

to left hand. Stabilize the elbow posteriorly with the other

hand. If supine, the stabilizing hand is under the elbow
supported on the treatment table.

■  Place your thenar eminence against the patient’s thenar
eminence (locking thumbs).

Mobilizing Force
Simultaneously, extend the patient’s wrist, push against the
thenar eminence, and compress the long axis of the radius
while supinating the forearm.

NOTE: To replace an acute subluxation, an HVT is used.

Proximal Radioulnar Joint
The convex rim of the radial head articulates with the concave
radial notch on the ulna (see Fig. 5.26).

Resting position. The elbow is flexed 70°, and the forearm
is supinated 35°.

Treatment plane. The treatment plane is in the radial notch
of the ulna, parallel to the long axis of the ulna.

Stabilization. Proximal ulna is stabilized.

Proximal Radioulnar Dorsal/Volar Glides 
(Fig. 5.32)  VIDEO 5.8

Indications
Dorsal glide to increase pronation; volar glide to increase
supination.

Patient Position
■  Sitting or supine, begin with the elbow flexed 70° and the

forearm supinated 35°.
■  Progress by placing the forearm at the limit of the range of

pronation or supination prior to administering the respec-
tive glide.

148 Elbow and Forearm Complex

FIGURE 5.30 Humeroradial joint: dorsal and volar glides. This may
also be done sitting, as in Figure 5.32, with the elbow positioned in
extension and the humerus stabilized by the proximal hand (rather
than the ulna).

FIGURE 5.31 Humeroradial joint: compression mobilization. This is 
a quick thrust with simultaneous supination and compression of 
the radius.
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Hand Placement
■  Approach the patient from the dorsal or volar aspect of the

forearm. Fixate the ulna with your medial hand around the
medial aspect of the forearm.

■  With your other hand, grasp the head of the radius between
your flexed fingers and palm of your hand.

Mobilizing Force
■  Force the radial head volarly or dorsally by pushing with

your palm or pulling with your fingers.
■  If a stronger force is needed, rather than pulling with your

fingers, move to the other side of the patient, switch hands,
and apply the force with the palm of your hand.

Distal Radioulnar Joint
The concave ulnar notch of the radius articulates with the
convex head of the ulna.

Resting position. The resting position is with the forearm
supinated 10°.

Treatment plane. The treatment plane is the articulating
surface of the radius, parallel to the long axis of the radius.

Stabilization. Distal ulna.

Distal Radioulnar Dorsal/Volar Glides (Fig. 5.33)

Indications
Dorsal glide to increase supination; volar glide to increase
pronation.

Patient Position
Sitting, with the forearm on the treatment table. Begin in the
resting position and progress to end-range pronation or
supination.

Hand Placement
Stabilize the distal ulna by placing the fingers of one hand on
the dorsal surface and the thenar eminence and thumb on the
volar surface. Place your other hand in the same manner
around the distal radius.

Mobilizing Force
Glide the distal radius dorsally to increase supination or
volarly to increase pronation parallel to the ulna.

Wrist and Hand Complex

When mobilizing the wrist, begin with general distractions and
glides that include the proximal row and distal row of carpals
as a group. For full ROM, individual carpal mobilizations/
manipulations may be necessary. They are described following
the general mobilizations. For a review of the mechanics of the
wrist complex, see Chapter 19 (Fig. 5.34).
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FIGURE 5.32 Proximal radioulnar joint: dorsal and volar glides.
FIGURE 5.33 Distal radioulnar joint: dorsal and volar glides.
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FIGURE 5.34 Bones and joints of the wrist and hand.
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Radiocarpal Joint
The concave distal radius articulates with the convex proximal
row of carpals, which is composed of the scaphoid, lunate,
and triquetrum.

Resting position. The resting position is a straight line through
the radius and third metacarpal with slight ulnar deviation.

Treatment plane. The treatment plane is in the articulating
surface of the radius perpendicular to the long axis of the
radius.

Stabilization. Distal radius and ulna.

Radiocarpal Distraction (Fig. 5.35)

Indications
Testing; initial treatment; pain control; general mobility of
the wrist.

ulnar deviation; ulnar glide to increase radial deviation
(Fig. 5.37).

Patient Position and Hand Placement
■  Sitting with forearm resting on the table in pronation for

the dorsal and volar techniques and in midrange position
for the radial and ulnar techniques. 

150 Wrist and Hand Complex

FIGURE 5.35 Wrist joint: general distraction.

Patient Position
Sitting, with the forearm supported on the treatment table
and wrist over the edge of the table.

Hand Placement
■  With the hand closest to the patient, grasp around the

styloid processes and fixate the radius and ulna against
the table.

■  Grasp around the distal row of carpals with your other hand.

Mobilizing Force
Pull in a distal direction with respect to the arm.

Radiocarpal Joint: General Glides 
and Progression

Indications
Dorsal glide to increase flexion (Fig. 5.36 A); volar glide to
increase extension (Fig. 5.36 B); radial glide to increase

FIGURE 5.36 Wrist joint: general mobilization. (A) Dorsal glide; 
(B) Volar glide.

FIGURE 5.37 Wrist joint: general mobilization—ulnar glide.
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■  Progress by moving the wrist to the end of the available
range and gliding in the defined direction. 

■  Specific carpal gliding techniques described in the next sec-
tions are used to increase mobility at isolated articulations.

Mobilizing Force
The force comes from the hand around the distal row of carpals.

Specific Carpal Mobilizations (Figs. 5.38 
and 5.39)
Specific techniques to mobilize individual carpal bones may
be necessary to gain full ROM of the wrist. Specific biome-
chanics of the radiocarpal and intercarpal joints are described
in Chapter 19. To glide one carpal on another or on the radius,
utilize the following guidelines.

Patient and Therapist Positions
■  The patient sits.
■  Stand and grasp the patient’s hand so the elbow hangs 

unsupported.

■  The weight of the arm provides slight distraction to the
joints, so you then need only to apply the glides.

Hand Placement and Indications
Identify the specific articulation to be mobilized and place
your index fingers on the volar surface of the bone to be sta-
bilized. Place the overlapping thumbs on the dorsal surface
of the bone to be manipulated. The rest of your fingers hold
the patient’s hand so it is relaxed.

To increase flexion. Place the stabilizing index fingers under
the bone that is convex (on the volar surface) and the mobi-
lizing thumbs overlapped on the dorsal surface of the bone
that is concave.

■  Thumbs on the dorsum of the concave radius, index fingers
stabilize scaphoid.

■  Thumbs on the dorsum of the concave radius, index fingers
stabilize lunate (see Fig. 5.38).
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FIGURE 5.38 Specific carpal mobilizations: stabilization of the distal
bone and volar glide of the proximal bone. Shown is stabilization of
the scaphoid and lunate with the index fingers and a volar glide to
the radius with the thumbs to increase wrist flexion: (A) Drawing of
the side view, with the arrow depicting placement of thumbs on the
radius and the “x” depicting placement of stabilizing index fingers;
(B) Illustrates superior view of overlapping thumbs on the radius.

A

B
FIGURE 5.39 Specific carpal mobilizations: stabilization of the
proximal bone and volar guide of the distal bone. Shown is stabi-
lization of the lunate with the index fingers and volar glide to the
capitate with the thumbs to increase extension: (A) Drawing of 
the side view, with the arrow depicting placement of thumbs on
the capitate and the “x” depicting placement of stabilizing index
fingers; (B) Illustrates superior view of overlapping thumbs on the
capitate.
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■  Thumbs on dorsum of trapezium-trapezoid unit, index
fingers stabilize scaphoid.

■  Thumbs on dorsum of concave lunate, index fingers stabi-
lize capitate.

■  Thumbs on dorsum of concave triquetrum, index fingers
stabilize hamate.

To increase extension. Place the stabilizing index fingers
under the bone that is concave (on the volar surface). Over-
lap the thumbs and place on the dorsal surface of the 
bone that is convex. The thumbs provide the manipulating
force.

■  Thumbs on dorsum of convex scaphoid, index fingers 
stabilize radius.

■  Thumbs on dorsum of convex lunate, index fingers stabi-
lize radius.

■  Thumbs on dorsum of convex scaphoid, index fingers 
stabilize trapezium-trapezoid unit.

■  Thumbs on dorsum of convex capitate, index fingers 
stabilize lunate (see Fig. 5.39).

■  Thumbs on dorsum of convex hamate, index fingers stabi-
lize triquetrum.

Mobilizing Force
■  In each case, the force comes from the overlapping thumbs

on the dorsal surface.
■  By applying force from the dorsal surface, pressure against

the nerves, blood vessels, and tendons in the carpal tunnel
and Guyon’s canal is minimized, and a stronger mobiliza-
tion force can be used without pain.

■  An HVT technique can be used by providing a quick down-
ward and upward flick of your wrists and hands while
pressing against the respective carpals.

Ulnar-Meniscal-Triquetral Articulation
To unlock the articular disk, which may block motions of the
wrist or forearm, apply a glide of the ulna volarly on a fixed
triquetrum.

Carpometacarpal and Intermetacarpal
Joints of Digits II to V
Opening and closing of the hand and maintenance of the
arches in the hand requires general mobility between the
carpals and metacarpals.

Carpometacarpal Distraction (Fig. 5.40)

Stabilization and Hand Placement
Stabilize the respective carpal with thumb and index finger of
one hand. With your other hand, grasp around the proximal
portion of a metacarpal.

Mobilizing Force
Apply long-axis traction to the metacarpal.

Carpometacarpal and Intermetacarpal: 
Volar Glide

Indication
To increase mobility of the arch of the hand.

Stabilization and Hand Placement
Stabilize the carpals with the thumb and index finger of one
hand; place the thenar eminence of your other hand along the
dorsal aspect of the metacarpals to provide the mobilization
force.

Mobilizing Force
Glide the proximal portion of the metacarpal volar ward. See
also the stretching technique for cupping and flattening the
arch of the hand described in Chapter 4.

Carpometacarpal Joint of the Thumb
The CMC of the thumb is a saddle joint. The trapezium is
concave, and the proximal metacarpal is convex for palmar
abduction/adduction (metacarpal moving perpendicular away
from and toward the palm of the hand). The trapezium is convex,
and the proximal metacarpal is concave for radial abduction/
adduction (metacarpal moving in the plane of the hand away
and toward the radius; previously called flexion/extension).

Resting position. The resting position is midway between
radial abduction/adduction and between palmar abduction/
adduction.

Stabilization. Fixate the trapezium with the hand that is
closer to the patient.

Treatment plane. The treatment plane is in the trapezium
for abduction-adduction and in the proximal metacarpal for
flexion-extension.

Carpometacarpal Distraction (Thumb)

Indications
Testing; initial treatment; pain control; general mobility.

152 Wrist and Hand Complex

FIGURE 5.40 Carpometacarpal joint: distraction.
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Patient Position
The patient is positioned with forearm and hand resting on
the treatment table.

Hand Placement
■  Fixate the trapezium with the hand that is closer to the 

patient.
■  Grasp the patient’s metacarpal by wrapping your fingers

around it (see Fig. 5.41 A).

Mobilizing Force
Apply long-axis traction to separate the joint surfaces.

Carpometacarpal Glides (Thumb) (Fig. 5.41)

Indications
■  Ulnar glide to increase radial adduction.
■  Radial glide to increase radial abduction.
■  Dorsal glide to increase palmar abduction.
■  Volar glide to increase palmar adduction.

Patient Position and Hand Placement
■  Stabilize the trapezium by grasping it directly or by wrap-

ping your fingers around the distal row of carpals.
■  Place the thenar eminence of your other hand against the

base of the patient’s first metacarpal on the side opposite
the desired glide. For example, as pictured in Figure 5.41 A,

the surface of the thenar eminence is on the radial side of
the metacarpal to cause an ulnar glide.

Mobilizing Force
Apply the force with your thenar eminence against the base
of the metacarpal. Adjust your body position to line up the
force as illustrated in Figure 5.41 A through D.

Metacarpophalangeal and
Interphalangeal Joints of the Fingers
In all cases, the distal end of the proximal articulating surface
is convex and the proximal end of the distal articulating
surface is concave.

NOTE: Because all the articulating surfaces are the same for the
digits, all techniques are applied in the same manner to each joint.

Resting position. The resting position is in light flexion for
all joints.

Treatment plane. The treatment plane is in the distal artic-
ulating surface.

Stabilization. Rest the forearm and hand on the treatment
table; fixate the proximal articulating surface with the fingers
of one hand.
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FIGURE 5.41 Carpometacarpal joint of the thumb. (A) Ulnar glide to increase radial adduction; (B) Radial glide to increase radial abduction; 
(C) Dorsal glide to increase palmar abduction; (D) Volar glide to increase palmar adduction. Note that the thumb of the therapist is 
placed in the web space between the index and thumb of the patient’s hand to apply a volar glide.
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Metacarpophalangeal and Interphalangeal
Distraction (Fig. 5.42)

Indications
Testing; initial treatment; pain control; general mobility.

Mobilizing Force
The glide force is applied by the thumb or thenar eminence
against the proximal end of the bone to be moved. Progress
by taking the joint to the end of its available range and apply-
ing slight distraction and the glide force. Rotation may be
added prior to applying the gliding force.

Hip Joint

The concave acetabulum receives the convex femoral head
(Fig. 5.44). Biomechanics of the hip joint are reviewed in
Chapter 20.

Resting position. The resting position is hip flexion 30°, 
abduction 30°, and slight external rotation.

Stabilization. Fixate the pelvis to the treatment table 
with belts.

Treatment plane. The treatment is in the acetabulum.

Hip Distraction of the Weight-Bearing Surface,
Caudal Glide (Fig. 5.45)
Because of the deep configuration of this joint, traction 
applied perpendicular to the treatment plane causes lateral
glide of the superior, weight-bearing surface. To obtain sep-
aration of the weight-bearing surface, a caudal glide is used.

Indications
Testing; initial treatment; pain control; general mobility.

Patient Position
Supine, with the hip in resting position and the knee extended.

PRECAUTION: In the presence of knee dysfunction, this po-
sition should not be used; see alternate position following.

Therapist Position and Hand Placement
Stand at the end of the treatment table; place a belt around
your trunk and then cross the belt over the patient’s foot and
around the ankle. Place your hands proximal to the malleoli,

154 Hip Joint

FIGURE 5.42 Metacarpophalangeal joint: distraction.

FIGURE 5.43 Metacarpophalangeal joint: volar glide.

Hand Placement
Use your proximal hand to stabilize the proximal bone; wrap
the fingers and thumb of your other hand around the distal
bone close to the joint.

Mobilizing Force
Apply long-axis traction to separate the joint surface.

Metacarpophalangeal and Interphalangeal
Glides and Progression

Indications
■  Volar glide to increase flexion (Fig. 5.43).
■  Dorsal glide to increase extension.
■  Radial or ulnar glide (depending on finger) to increase 

abduction or adduction.
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FIGURE 5.44 Bones and joints of the pelvis and hip.

5850_Ch05_127-165  17/08/17  5:54 PM  Page 154



under the belt. The belt allows you to use your body weight
to apply the mobilizing force.

Mobilizing Force
Apply a long-axis traction by pulling on the leg as you lean
backward.

Alternate Position and Technique for Hip
Caudal Glide
■  Patient supine with hip and knee flexed and foot resting on

table.
■  Wrap your hands around the epicondyles of the femur and

distal thigh. Do not compress the patella.
■  The force comes from your hands and is applied in a caudal

direction as you lean backward.

Hip Posterior Glide (Fig. 5.46)  VIDEO 5.9

Indications
To increase flexion; to increase internal rotation.

Patient Position
■  Supine, with hips at the end of the table.
■  The patient helps stabilize the pelvis and lumbar spine by

flexing the opposite hip and holding the thigh against the
chest with the hands.

■  Initially, the hip to be mobilized is in resting position;
progress to the end of the range.

Therapist Position and Hand Placement
■  Stand on the medial side of the patient’s thigh.
■  Place a belt around your shoulder and under the patient’s

thigh to help hold the weight of the lower extremity.
■  Place your distal hand under the belt and distal thigh. Place

your proximal hand on the anterior surface of the proximal
thigh.

Mobilizing Force
Keep your elbows extended and flex your knees; apply the
force through your proximal hand in a posterior direction.

Hip Anterior Glide (Fig. 5.47)  VIDEO 5.10

Indications
To increase extension; to increase external rotation.

Patient Position
Prone, with the trunk resting on the table and hips over the
edge. The opposite foot is on the floor.
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FIGURE 5.46 Hip joint: posterior glide.

FIGURE 5.47 Hip joint: anterior glide. (A) Prone; 

FIGURE 5.45 Hip joint: distraction of the weight-bearing surface.
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Therapist Position and Hand Placement
■  Stand on the medial side of the patient’s thigh.
■  Place a belt around your shoulder and the patient’s thigh

to help support the weight of the leg.
■  With your distal hand, hold the patient’s leg.
■  Place your proximal hand posteriorly on the proximal

thigh just below the buttock.

Mobilizing Force
Keep your elbow extended and flex your knees; apply the force
through your proximal hand in an anterior direction.

Alternate Position
■  Position the patient side-lying with the thigh comfortably

flexed and supported by pillows.
■  Stand posterior to the patient and stabilize the pelvis across

the anterior superior iliac spine with your cranial hand.
■  Push against the posterior aspect of the greater trochanter

in an anterior direction with your caudal hand.

Knee Joint Complex

The knee joint consists of two articulating surfaces between
the femoral condyles and tibial plateaus with a fibrocartilagi-
nous disc between each articulation, as well as the articulation
of the patella with the femoral groove (Fig. 5.48). As the knee
flexes, medial rotation of the tibia occurs, and as it extends,
lateral rotation of the tibia occurs. In addition, the patella
must glide caudally against the femur during flexion and glide
cranially during extension for normal knee mobility. These
mechanics are described in Chapter 21.

Tibiofemoral Articulations
The concave tibial plateaus articulate on the convex femoral
condyles. Biomechanics of the knee joint are described in
Chapter 21.

Resting position. The resting position is 25° flexion.

Treatment plane. The treatment plane is along the surface
of the tibial plateaus; therefore, it moves with the tibia as the
knee angle changes.

Stabilization. In most cases, the femur is stabilized with a
belt or by the table.

Tibiofemoral Distraction: Long-Axis Traction
(Fig. 5.49)

Indications
Testing; initial treatment; pain control; general mobility.

Patient Position
■  Sitting, supine, or prone, beginning with the knee in the

resting position.
■  Progress to positioning the knee at the limit of the range

of flexion or extension.
■  Rotation of the tibia may be added prior to applying the

traction force. Use internal rotation at end-range flexion
and external rotation at end-range extension.

Hand Placement
Grasp around the distal leg, proximal to the malleoli with
both hands.

Mobilizing Force
Pull on the long axis of the tibia to separate the joint surfaces.

156 Knee Joint Complex

FIGURE 5.47—cont’d (B) Side-lying.
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FIGURE 5.48 Bones and joints of the knee and leg.
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Tibiofemoral Posterior Glide (Fig. 5.50)

Indications
Testing; to increase flexion.

Patient Position
Supine, with the foot resting on the table. The position for the
drawer test can be used to mobilize the tibia either anteriorly
or posteriorly, although no grade I distraction can be applied
with the glides in this position.

Therapist Position and Hand Placement
Sit on the table with your thigh fixating the patient’s foot.
With both hands, grasp around the tibia, fingers pointing pos-
teriorly and thumbs anteriorly.

Mobilizing Force
Extend your elbows and lean your body weight forward; push
the tibia posteriorly with your thumbs.

Tibiofemoral Posterior Glide: Alternate
Positions and Progression (Fig. 5.51)

Patient Position
■  Sitting, with the knee flexed over the edge of the treatment

table, beginning in the resting position (Fig. 5.51). Progress
to near 90° flexion with the tibia positioned in internal 
rotation.

■  When the knee flexes past 90°, position the patient prone;
place a small rolled towel proximal to the patella to mini-
mize compression forces against the patella during the
mobilization.

Therapist Position and Hand Placement
■  When in the resting position, stand on the medial side of

the patient’s leg. Hold the distal leg with your distal hand
and place the palm of your proximal hand along the ante-
rior border of the tibial plateaus.
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FIGURE 5.49 Tibiofemoral joint: distraction. (A) Sitting; (B) Supine;
(C) Prone.
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C

FIGURE 5.50 Tibiofemoral joint: posterior glide (drawer).
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■  When near 90°, sit on a low stool; stabilize the leg between
your knees and place one hand on the anterior border of
the tibial plateaus.

■  When prone, stabilize the femur with one hand and place
the other hand along the border of the tibial plateaus.

Mobilizing Force
■  Extend your elbow and lean your body weight onto the

tibia, gliding it posteriorly.
■  When progressing with medial rotation of the tibia at the

end of the range of flexion, the force is applied in a poste-
rior direction against the medial side of the tibia.

Tibiofemoral Anterior Glide (Fig. 5.52)  
VIDEO 5.11

Indication
To increase extension.

Patient Position
■  Prone, beginning with the knee in resting position; progress

to the end of the available range. Place a small pad under
the distal femur to prevent patellar compression.

■  The drawer test position can also be used. The mobilizing
force comes from the fingers on the posterior tibia as you
lean backward (see Fig. 5.50).

Hand Placement
Grasp the distal tibia with the hand that is closer to it and
place the palm of the proximal hand on the posterior aspect
of the proximal tibia.

Mobilizing Force
Apply force with the hand on the proximal tibia in an anterior
direction. The force may be directed to the lateral or medial
tibial plateau to isolate one side of the joint.

Alternate Position and Technique
■  If the patient cannot be positioned prone, position him or

her supine with a fixation pad under the tibia.
■  The mobilizing force is placed against the femur in a pos-

terior direction.

Patellofemoral Joint
The patella must have mobility to glide distally on the femur
for normal knee flexion, and glide proximally for normal knee
extension.

Patellofemoral Joint, Distal Glide (Fig. 5.53)

Patient Position
Supine, with knee extended; progress to positioning the knee
at the end of the available range in flexion.

Hand Placement
Stand next to the patient’s thigh, facing the patient’s feet. Place
the web space of the hand that is closer to the thigh around
the superior border of the patella. Use the other hand for
reinforcement.

Mobilizing Force
Glide the patella in a caudal direction, parallel to the femur.

158 Knee Joint Complex

FIGURE 5.51 Tibiofemoral joint: posterior glide, sitting. FIGURE 5.52 Tibiofemoral joint: anterior glide.
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PRECAUTION: Do not compress the patella into the femoral
condyles while performing this technique.

Patellofemoral Medial or Lateral Glide 
(Fig. 5.54)

Indication
To increase patellar mobility.

Patient Position
Supine with the knee extended. Side-lying may be used to
apply a medial glide (see Fig. 21.10).

Hand Placement
Place the heel of your hand along either the medial or lat-
eral aspect of the patella. Stand on the opposite side of the
table to position your hand along the medial border and on
the same side of the table to position your hand along the
lateral border. Place the other hand under the femur to sta-
bilize it.

Mobilizing Force
Glide the patella in a medial or lateral direction, against the
restriction.

Leg and Ankle Joints

The joints of the leg consist of the proximal and distal
tibiofibular joints; accessory motions at these joints occur
during all ankle and subtalar joint motions (see Fig. 5.48 and
Fig. 5.57 A). The complex mechanics of the leg, foot, and
ankle in weight-bearing and nonweight-bearing conditions
are described in Chapter 22.

Tibiofibular Joints
Proximal Tibiofibular Articulation: Anterior
(Ventral) Glide (Fig. 5.55)

Indications
To increase movement of the fibular head; to reposition a
posteriorly subluxed head.
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FIGURE 5.53 Patellofemoral joint: distal glide.

FIGURE 5.54 Patellofemoral joint: lateral glide. FIGURE 5.55 Proximal tibiofibular joint: anterior glide.
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Patient Position
■  Side-lying, with the trunk and hips rotated partially toward

prone.
■  The top leg is flexed forward so the knee and lower leg are

resting on the table or supported on a pillow.

Therapist Position and Hand Placement
■  Stand behind the patient, placing one of your hands under

the tibia to stabilize it.
■  Place the base of your other hand posterior to the head of

the fibula, wrapping your fingers anteriorly.

Mobilizing Force
Apply the force through the heel of your hand against the
posterior aspect of the fibular head, in an anterior-lateral
direction.

Distal Tibiofibular Articulation: Anterior
(Ventral) or Posterior (Dorsal) Glide (Fig. 5.56)

Indication
To increase mobility of the mortise when it is restricting ankle
dorsiflexion.

Talocrural Joint (Upper Ankle Joint)
(Fig. 5.57)
The convex talus articulates with the concave mortise made
up of the tibia and fibula.

Resting position. The resting position is 10° plantarflexion.

Treatment plane. The treatment plane is in the mortise, in
an anterior-posterior direction with respect to the leg.

Stabilization. The tibia is strapped or held against the table.

Talocrural Distraction (Fig. 5.58)  VIDEO 5.12

Indications
Testing; initial treatment; pain control; general mobility.

Patient Position
Supine, with the lower extremity extended. Begin with the
ankle in resting position. Progress to the end of the available
range of dorsiflexion or plantarflexion.

Therapist Position and Hand Placement
■  Stand at the end of the table; wrap the fingers of both

hands over the dorsum of the patient’s foot, just distal to
the mortise.

■  Place your thumbs on the plantar surface of the foot to
hold it in resting position.

Mobilizing Force
Pull the foot along the long axis of the leg in a distal direction
by leaning backward.

160 Leg and Ankle Joints

FIGURE 5.56 Distal tibiofibular articulation: posterior glide.

Patient Position
Supine or prone.

Hand Placement
Working from the end of the table, place the fingers of the
more medial hand under the tibia and the thumb over the tibia
to stabilize it. Place the base of your other hand over the lateral
malleolus, with the fingers underneath.

Mobilizing Force
Press against the fibula in an anterior direction when prone
and in a posterior direction when supine.
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FIGURE 5.57 (A) Anterior view of the bones and joints of the lower
leg and ankle; (B) Medial view; (C) Lateral view of the bones and
joint relationships of the ankle and foot.
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Talocrural Dorsal (Posterior) Glide (Fig. 5.59)

Indication
To increase dorsiflexion.

Patient Position
Supine, with the leg supported on the table and the heel over
the edge.

Therapist Position and Hand Placement
■  Stand to the side of the patient.
■  Stabilize the leg with your cranial hand or use a belt to

secure the leg to the table.
■  Place the palmar aspect of the web space of your other

hand over the talus just distal to the mortise.
■  Wrap your fingers and thumb around the foot to maintain

the ankle in resting position. Grade I distraction force is
applied in a caudal direction.

Mobilizing Force
Glide the talus posteriorly with respect to the tibia by pushing
against the talus.

Talocrural Ventral (Anterior) Glide (Fig. 5.60)

Indication
To increase plantarflexion.

Patient Position
Prone, with the foot over the edge of the table.

Therapist Position and Hand Placement
■  Working from the end of the table, place your lateral hand

across the dorsum of the foot to apply a grade I distraction.
■  Place the web space of your other hand just distal to the

mortise on the posterior aspect of the talus and calcaneus.

Mobilizing Force
Push against the calcaneus in an anterior direction (with 
respect to the tibia); this glides the talus anteriorly.

Alternate Position
■  Patient is supine. Stabilize the distal leg anterior to the

mortise with your proximal hand.
■  The distal hand cups under the calcaneus.
■  When you pull against the calcaneus in an anterior direc-

tion, the talus glides anteriorly.

Subtalar Joint (Talocalcaneal),
Posterior Compartment
The articulations between the calcaneus and talus are divided
by the tarsal canal. The complex mechanics of these separate
articulations are described in Chapter 22. Only mobilization
of the posterior compartment is described here. The calca-
neus is convex, articulating with a concave talus in the poste-
rior compartment.

Resting position. The resting position is midway between
inversion and eversion.

Treatment plane. The treatment plane is in the talus, par-
allel to the sole of the foot.

Stabilization. Dorsiflexion of the ankle stabilizes the talus.
Alternatively, the talus is stabilized with one of your hands.
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FIGURE 5.59 Talocrural joint: posterior glide.

FIGURE 5.58 Talocrural joint: distraction.

FIGURE 5.60 Talocrural joint: anterior glide.
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Subtalar Distraction (Fig. 5.61)  VIDEO 5.13

Indications
Testing; initial treatment; pain control; general mobility for
inversion/eversion.

Patient and Therapist Positions and Hand
Placement
■  Supine, with the leg supported on the table and heel over

the edge.
■  Externally rotate the patient’s hip so the talocrural joint can

be stabilized in dorsiflexion with pressure from your thigh
against the plantar surface of the patient’s forefoot.

■  The distal hand grasps around the calcaneus from the pos-
terior aspect of the foot. The other hand fixes the talus and
malleoli against the table.

Mobilizing Force
Pull the calcaneus distally with respect to the long axis of 
the leg.

Subtalar Medial Glide or Lateral Glide 
(Fig. 5.62)

Indications
Medial glide to increase eversion; lateral glide to increase 
inversion.

Patient Position
Side-lying or prone, with the leg supported on the table. 

Therapist Position and Hand Placement
■  Align your shoulder and arm parallel to the bottom of

the foot.
■  Stabilize the talus with your proximal hand.
■  Place the base of the distal hand on the side of the calcaneus

medially to cause a lateral glide and laterally to cause a 
medial glide.

■  Wrap the fingers around the plantar surface.

Mobilizing Force
Apply a grade I distraction force in a caudal direction and
then push with the base of your hand against the side of the
calcaneus parallel to the plantar surface of the heel.

Alternate Position
Same as the position for distraction, moving the calcaneus in
the medial or a lateral direction with the base of the hand.

Intertarsal and Tarsometatarsal Joints
When moving in a dorsal-plantar direction with respect to
the foot, all of the articulating surfaces are concave and convex
in the same direction. For example, the proximal articulating
surface is convex, and the distal articulating surface is concave.

162 Leg and Ankle Joints

FIGURE 5.61 Subtalar (talocalcaneal) joint: distraction.

FIGURE 5.62 Subtalar joint: lateral glide. (A) Prone; (B) Side-lying.

A B

5850_Ch05_127-165  17/08/17  5:54 PM  Page 162



The technique for mobilizing each joint is the same. The hand
placement is adjusted to stabilize the proximal bone partner
so the distal bone partner can be moved.

Intertarsal and Tarsometatarsal Plantar Glide
(Fig. 5.63)

Indication
To increase plantarflexion accessory motions (necessary for
supination).

■  To mobilize the tarsal joints along the medial aspect of
the foot, position yourself on the lateral side of the foot.
Place the proximal hand on the dorsum of the foot with
the fingers pointing medially, so the index finger can 
be wrapped around and placed under the bone to be 
stabilized.

■  Place your thenar eminence of the distal hand over the
dorsal surface of the bone to be moved and wrap the fingers
around the plantar surface.

■  To mobilize the lateral tarsal joints, position yourself 
on the medial side of the foot, point your fingers later-
ally, and position your hands around the bones as just
described.

Mobilizing Force
Push the distal bone in a plantar direction from the dorsum
of the foot.

Intertarsal and Tarsometatarsal Dorsal Glide
(Fig. 5.64)

Indication
To increase the dorsal gliding accessory motion (necessary for
pronation).

Patient Position
Prone, with knee flexed.

Stabilization and Hand Placement
■  Fixate the more proximal bone.
■  To mobilize the lateral tarsal joints (e.g., cuboid on calca-

neus), position yourself on the medial side of the patient’s
leg and wrap your fingers around the lateral side of the foot
(as in Fig. 5.64).

■  To mobilize the medial bones (e.g., navicular on talus),
position yourself on the lateral side of the patient’s 
leg and wrap your fingers around the medial aspect of
the foot.
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FIGURE 5.63 Plantar glide of a distal tarsal bone on a stabilized
proximal bone. Shown is stabilization of the navicular with the thera-
pist’s index finger and plantar glide of the cuneiform to increase the
arch of the foot: (A) Drawing of the medial side of the foot, with the
“x” depicting placement of the stabilizing index finger and the arrow
depicting the downward force from the thenar eminence of the 
therapist’s hand; (B) Illustrates application of the technique. 

A

B

Patient Position
Supine, with hip and knee flexed, or sitting, with knee flexed
over the edge of the table and heel resting on your lap.

Stabilization and Hand Placement
■  Fixate the more proximal bone with your index finger on

the plantar surface of the bone.

FIGURE 5.64 Dorsal gliding of a distal tarsal on a proximal tarsal.
Shown is stabilization of the calcaneus with compression through 
the talus, and dorsal glide of the cuboid: (A) Drawing of the lateral
side of the foot, with “x” depicting the stabilization and the arrow 
depicting the downward (dorsal) force from the base of the thera-
pist’s hand;
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■  Place your second metacarpophalangeal joint against the
bone to be moved.

Mobilizing Force
Push from the plantar surface in a dorsal direction.

Alternate Technique
Same position and hand placements as for plantar glides,
except the distal bone is stabilized and the proximal bone is
forced in a plantar direction. This is a relative motion of the
distal bone moving in a dorsal direction.

Intermetatarsal, Metatarsophalangeal,
and Interphalangeal Joints
The intermetatarsal, metatarsophalangeal, and interpha-
langeal joints of the toes are stabilized and mobilized in the
same manner as the fingers. In each case, the articulating
surface of the proximal bone is convex, and the articulating
surface of the distal bone is concave. It is easiest to stabilize
the proximal bone and glide the surface of the distal bone 
either plantarward for flexion, dorsalward for extension, and
medially or laterally for adduction and abduction.

164 Leg and Ankle Joints

FIGURE 5.64—cont’d (B) Illustrates application of the technique. 

Independent Learning Activities

Critical Thinking and Discussion
1. An individual is immobilized in a cast for 4 to 6 weeks fol-

lowing a fracture. In general, what structures lose their
elasticity, and what restrictions do you feel when testing
range of motion, joint play, and flexibility?

2. Describe the normal arthrokinematic relationships for the
extremity joints and define the location of the treatment
plane for each joint.

3. Using the information from Activity 1, define a specific
fracture, such as a Colle’s fracture of the distal forearm.
Identify what techniques are necessary to gain joint 
mobility and ROM in the related joints such as the wrist,
forearm, and elbow joints, connective tissues, and muscles.
Practice using each of the techniques.

4. Explain the rationale for using passive joint techniques to
treat patients with limitations because of pain and muscle
guarding or to treat patients with restricted capsular or 
ligamentous tissue. What is the difference in the way the
techniques are applied in each case?

5. Describe how joint mobilization techniques fit into the
total plan of therapeutic intervention for patients with
impaired joint mobility.

6. Explain the difference between passive joint mobilization
techniques and MWM techniques.

Laboratory Practice
With a partner, practice mobilizing each joint in the upper
and lower extremities.

PRECAUTION: Do not practice on an individual with a hyper-
mobile or unstable joint.

1. Begin with the joint in its resting position and apply dis-
traction techniques at each intensity (sustained grades I,
II, and III) to develop a feel for “very gentle,” “taking up
the slack,” and “stretch.” Do not apply a vigorous stretch
to someone with a normal joint. Be sure to use appropriate
stabilization.

2. With the joint in its resting position, practice all appropri-
ate glides for that joint. Be sure to use a grade I distraction
with each gliding technique. Vary the techniques between
sustained and oscillation.

3. Practice progressing each technique by taking the joint to
a point that you determine to be the “end of the range” and:
■ Apply a distraction technique with the extremity in that

position.
■ Apply the appropriate glide at that range (be sure to

apply a grade I distraction with each glide).
■ Add rotation (e.g., external rotation for shoulder abduc-

tion) and then apply the appropriate glide.
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Muscle performance is the capacity of a muscle to do work
(force × distance).9 Despite the simplicity of the definition,
muscle performance is a complex component of functional
movement and is influenced by all of the body systems. 
Factors that affect muscle performance include the morpho-
logical qualities of muscle; neurological, biochemical, and
biomechanical influences; and metabolic, cardiovascular, 
respiratory, cognitive, and emotional function. A healthy and
fully functioning muscular system is critical for not only
meeting the physical demands imposed on the body, but for
allowing individuals to be mobile, recreate, work, and pursue
meaningful experiences. 

The key elements of muscle performance are strength,
power, and endurance.9 If any one or more of these elements
is impaired, activity limitations and participation restriction
or increased risk of dysfunction may ensue. Factors such as
injury, disease, immobilization, disuse, and inactivity may
impair muscle performance, leading to weakness and muscle
atrophy. When deficits in muscle performance are present,
resistance exercises are an appropriate therapeutic interven-
tion to select. 

Resistance exercise is an activity in which dynamic or static
muscle contraction is resisted by an outside force applied
manually or mechanically.95,236 Resistance exercise, also re-
ferred to as resistance training,6,7,161 is an essential element of
rehabilitation programs for persons with impaired function.
In addition, resistance exercise is an integral component of
conditioning programs for those who wish to promote or
maintain health and physical well-being, enhance perform-
ance of motor skills, and reduce the risk of injury and
disease.6,7,231

A comprehensive examination and evaluation of the 
patient or client are the foundations on which a therapist 
determines whether a program of resistance exercise is 
warranted and likely to be effective. Many factors will influ-
ence this determination and decisions about how the exercises 
are designed, implemented, and progressed. Factors such as
the underlying pathology; the extent and severity of muscle
performance impairments; the presence of other deficits; the
stage of tissue healing after injury or surgery; and the patient’s
or client’s age, overall level of fitness, and ability to cooperate
and learn must all be considered. Once a resistance exercise
program is developed and prescribed, the therapist should
initially implement the program directly or teach and super-
vise the exercises to ensure a smooth transition to an inde-
pendent, home-based program.

This chapter provides a foundation of information on 
resistance exercise, identifies the determinants of resistance
training programs, summarizes the principles and guide-
lines for application of manual and mechanical resistance
exercise, and explores a variety of regimens for resistance
training. It also addresses the available scientific evidence
on the relationship between improvements in muscle per-
formance and enhanced functional abilities. The specific
techniques described and illustrated in this chapter focus on
manual resistance exercise for the extremities, primarily

used during the early phase of rehabilitation. Additional ex-
ercises performed independently by the patient or client
using resistance equipment are described and illustrated in
Chapters 16 through 23. 

Muscle Performance 
and Resistance Exercise:
Definitions and Guiding
Principles

The three elements of muscle performance9—strength, power,
and endurance—can all be enhanced by resistance exercise. To
what extent each of these elements is altered by exercise de-
pends on how the principles of resistance training are applied
and how factors such as the intensity, frequency, and duration
of exercise are manipulated. Because the physical demands of
work, recreation, and everyday living usually involve all three
aspects of muscle performance, most resistance training pro-
grams should address the optimum proportion of strength,
power, and muscular endurance that will meet an individual’s
needs and goals. In addition to positively impacting muscle
performance, resistance training can produce many other 
benefits.6,7,8 These potential benefits are listed in Box 6.1. After
a brief description of the three elements of muscle perform-
ance, the guiding principles of exercise prescription and train-
ing are discussed in this section.

Strength, Power, and Endurance
Strength
Muscle strength is a broad term that refers to the extent that
the contractile elements of muscle produce force. Implicit in
this definition is the idea that with adequate strength, the con-
tractile tissue generates enough force to meet the physical and
functional demands placed on the system.175,184,202 In prac-
tice, muscle strength is the greatest measurable force that is
exerted by a muscle or muscle group to overcome resistance
during a single maximum effort.9 Functional strength relates
to the ability of the neuromuscular system to produce the ap-
propriate amount of force, during functional activities in a
smooth and coordinated manner.41,211 Insufficient muscular
strength can contribute to major functional losses of even the
most basic activities of daily living.

Strength training. The development of muscle strength is
an integral component of most rehabilitation or conditioning
programs for individuals of all ages and abilities.6,8,83,162,213

Strength training (strengthening exercise) is the systematic
practice of using muscle force to raise, lower, or control heavy
external loads for a relatively low number of repetitions or
over a short period of time.7,32,95 The most common adapta-
tion to strength training is an increase in the maximum force-
producing capacity of muscle, primarily the result of neural
adaptations and increased muscle fiber size.7,8,184
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168 Muscle Performance and Resistance Exercise: Definitions and Guiding Principles

walking, cycling, swimming, or upper extremity ergometry,
which involve use of the large muscles of the body.6,7 This 
aspect of endurance is explored in Chapter 7.

Muscle endurance (sometimes referred to as local en-
durance) is the ability of a muscle to contract repeatedly
against an external load, generate and sustain tension, and 
resist fatigue over an extended period of time.6,7,224 The term
aerobic power sometimes is used interchangeably with muscle
endurance. Maintenance of balance and proper alignment of
the body segments requires endurance of the postural mus-
cles. In fact, almost all daily living tasks require some degree
of both muscle and cardiopulmonary endurance.

Although muscle strength and endurance are associated,
they do not always correlate well with each other. Just because
a muscle group is strong, it is still possible for muscular en-
durance to be impaired. For example, a worker may have the
strength to lift a 10-lb object several times, but they may not
have sufficient endurance of the upper extremity or trunk
muscles to lift 10-lb objects several hundred times during the
course of a day’s work without excessive fatigue or potential
injury.

Endurance training. Endurance training (endurance exercise)
is the systematic practice of using muscle force to raise, lower,
or control a light external load for many repetitions over an
extended period of time.7,8,184,202,248 The key parameters of 
endurance training are low-intensity muscle contractions, a
high number of repetitions, and a prolonged time period. 
Unlike strength training, muscles adapt to endurance training
by increases in their oxidative and metabolic capacities, which
allows better delivery and use of oxygen. For many patients
with impaired muscle performance, endurance training has a
more positive impact on improving function than strength
training. In addition, using lower levels of resistance in an 
exercise program minimizes potentially harmful joint reaction
forces, produces less irritation to soft tissues, and is more com-
fortable for the patient than heavy resistance exercise.

Overload Principle
Description
The overload principle is a foundational element that guides
the use of resistance exercise in improving muscle perform-
ance. The overload principle states that if muscle performance
is to improve, a resistance load that exceeds the metabolic 
capacity of the muscle must be applied—that is, the muscle
must be challenged to perform at a level greater than that to
which it is accustomed.7,8,123,162,184,198 If the external demands
remain constant after the muscle has adapted to exercise, the
level of muscle performance can be maintained but not 
increased.

Application of the Overload Principle
The overload principle focuses on progressively loading mus-
cle by manipulating factors such as the intensity or volume
of exercise. The intensity of resistance exercise refers to how
much external resistance is imposed on the muscle, whereas

Power
Muscle power is related to the strength and speed of move-
ment and is defined as the work (force × distance) produced
by a muscle per unit of time (force × distance/time).175,184,202

In other words, power is the rate of performing work. The rate
at which a muscle produces a force and the relationship 
between force and velocity are key factors that affect muscle
power.32,202 Because work can be produced over a very brief
or a very long period of time, power can represent a single
burst of high-intensity activity (such as lifting a heavy piece
of luggage onto an overhead rack or performing a high jump)
or repeated bursts of less intense activity (such as climbing a
flight of stairs). The terms anaerobic power and aerobic power,
respectively, are sometimes used to differentiate these two 
aspects of power.184

Power training. Many motor tasks are somewhat ballistic
movements that involve both strength and speed. Therefore,
re-establishing muscle power may be an important priority in
a rehabilitation program. Muscle strength is a necessary foun-
dation for developing muscle power. Power can be gained by
either increasing the work a muscle must perform during a
specified period of time or reducing the amount of time re-
quired to produce the work. The greater the intensity (force
and/or distance) of the exercise and the shorter the time period
taken to generate force, the greater is the muscle power. For
power training regimens, such as plyometric training or stretch-
shortening drills, the time of movement is the variable that is
most often manipulated277 (see Chapter 23).

Endurance
Endurance is a broad term that refers to the ability to perform
repetitive or sustained activities over a prolonged period of
time. Cardiopulmonary endurance (total body endurance) is
associated with repetitive, dynamic motor activities, such as

BOX 6.1 Benefits of Resistance Exercise

■ Enhanced muscle performance through restoration,
improvement or maintenance of muscle strength, power,
and endurance

■ Increased strength of connective tissues: tendons,
ligaments, and intramuscular connective tissue

■ Increased bone mineral density and/or less bone
demineralization

■ Decreased joint stress during physical activity
■ Reduced risk of soft tissue injury during physical activity
■ Improved capacity for repair and healing of damaged soft

tissues and for tissue remodeling
■ Improved balance
■ Enhanced physical performance during daily living,

occupational, and recreational activities
■ Positive changes in body composition: ↑ lean muscle mass

or ↓ body fat
■ Enhanced feeling of physical well-being
■ Positive perception of disability and quality of life
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training is related to morphological and metabolic changes
in muscle as well as neural adaptations to the training stim-
ulus associated with motor learning.210

Transfer of Training
In contrast to the SAID principle, carryover of training 
effects from one variation of exercise or task to another also
has been reported. This phenomenon is called transfer of
training, overflow, or a cross-training effect. Transfer of
training has been reported to occur on a very limited basis
with respect to the velocity of training137,260 and the type or
mode of exercise.74 Furthermore, it has been suggested that
a cross-training effect can occur from an exercised limb to
a nonexercised, contralateral limb in a resistance training
program.268,269

A muscle strengthening program has been shown to 
have a transfer effect by moderately improving muscular 
endurance.17 In contrast, endurance training has little to no
cross-training effect on muscle strength.7,16,95 In fact, when
endurance training and strength training are combined, there
appears to be a detrimental effect on the ability to improve
strength.102,146 Strength training at one speed of exercise has
been shown to provide some improvement in strength at
higher or lower speeds of exercise.137,260 However, the over-
flow effects are substantially less than the effects that result
from using specificity of training principles.

Despite the evidence that a small degree of transfer of
training occurs from a resistance exercise program, most stud-
ies support the importance of designing an exercise program
that most closely replicates the desired functional activities. 

Reversibility Principle
Adaptive changes in the body’s systems in response to a resist-
ance exercise program are transient unless training-induced
improvements are regularly used for functional activities or
unless an individual participates in a maintenance program of
resistance exercises.6,7,45,82,184

Detraining, reflected by reductions in muscle performance,
begins a week or two after the cessation of resistance exercises
and continues until training effects are lost.7,82,161,199 For this
reason, it is imperative that gains in strength and endurance
are incorporated into daily activities as early as possible in a
rehabilitation program. It is also advisable for patients to par-
ticipate in a maintenance program of resistance exercises as
an integral component of a lifelong fitness program.

Skeletal Muscle Function 
and Adaptation to Resistance
Exercise

Knowing the factors that influence the force-producing 
capacity of normal muscle during an active contraction is fun-
damental to understanding how the neuromuscular system

the volume of exercise includes variables such as repetitions,
sets, or frequency, any combination of which can be adjusted
to progressively increase the demands on the muscle.

■  In a strength training program, the amount of external 
resistance applied to the muscle is incrementally and pro-
gressively increased.

■  For endurance training, emphasis is placed on increasing
the time a muscle contraction is sustained or the number
of repetitions performed rather than the amount of external
resistance.

PRECAUTION: To ensure safety, the application of the over-
load principle must always be done in the context of the under-
lying pathology, age of the patient, stage of tissue healing, the
patient response, and the overall abilities and goals of the 
patient. The muscle and related body systems must be given
time to adapt to the demands of increased intensity or volume
before subsequent increases.

Specific Adaptation to Imposed
Demands (SAID) Principle
The SAID principle7,184 is another foundational element 
applied to a muscle performance program. This principle
refers to the concept that to improve a specific muscle per-
formance element, the resistance program should be matched
to that elements constructs. For example, to increase muscle
power the exercise program should consist of interventions
that increase work demands while decreasing the time that
work is accomplished. This principle applies to all body sys-
tems and is an extension of Wolff ’s law (i.e., body systems
adapt over time to the stresses placed on them). The SAID
principle guides therapists to determine the exercise param-
eters that will create specific training effects to best meet the
patient’s functional needs and goals.

Specificity of Training
Specificity of training, also referred to as specificity of exer-
cise, is a widely accepted concept suggesting that the adaptive
effects of training, such as improvement of strength, power,
and endurance, are highly specific to the training method 
employed.7,176 Whenever possible, exercises incorporated in
a program should mimic the anticipated function. For exam-
ple, if the desired functional activity requires greater muscular
endurance than strength, lower intensity exercises performed
over a longer time should be emphasized. 

Specificity of training must also incorporate the optimal
mode (type) and velocity of exercise,24,74,197,217 the patient
or joint position,155,156,270 and the movement patterns used
during exercise. For example, if the desired functional out-
come is the ability to ascend and descend stairs, exercise
should be performed eccentrically and concentrically in a
weight-bearing pattern and progressed to the desired speed.
Regardless of the simplicity or complexity of the motor task
performed, task-specific practice always must be empha-
sized. It has been suggested that the basis of specificity of
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adapts to resistance training. This knowledge, in turn, pro-
vides a basis on which a therapist is able to make sound 
clinical decisions when designing resistance exercise programs
for patients with weakness and functional limitations or to 
reduce injury risk in healthy individuals.

Factors That Influence Tension
Generation in Normal Skeletal Muscle
NOTE: For a brief review of the structure of skeletal muscle,
refer to Chapter 4 of this textbook. For in-depth information 
on muscle structure and function, numerous resources are
available.175,176,184,202

Morphological, biomechanical, neurological, metabolic, and
biochemical factors all affect the tension-generating capacity
of normal skeletal muscle. Each of these factors contributes 
to the magnitude, duration, and speed of force production
and the muscles’ susceptibility to fatigue. Properties of 
muscle and key neural factors and their impact on tension
generation during an active muscle contraction are summa-
rized in Table 6.1.7,175,176,184,202

Additional factors—such as the energy stores available to
muscle; the influence of fatigue and recovery from exercise;
and a person’s age, gender, and psychological/cognitive 
status—affect a muscle’s ability to develop and sustain 
tension. A therapist must recognize that these factors affect
both a patient’s performance during exercise and the potential
outcomes of the exercise program.

Energy Stores and Blood Supply
Muscle needs adequate sources of energy to contract, generate
tension, and resist fatigue. Muscle also requires an adequate
blood supply to provide the tissue with oxygen and nutrients
and to transport waste products from muscle to other organs.
The degree of vascularization is related to the predominant
fiber type that constitutes the tissue, which directly affects the
fatigue profile of the muscle. The three main energy systems
(the ATP-PC system, the anaerobic/glycolytic/lactic acid sys-
tem, and the aerobic system) are reviewed in Chapter 7.

Fatigue
Fatigue is a complex phenomenon that affects muscle per-
formance and must be considered in a resistance exercise
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The larger the muscle diameter, the greater its tension-
producing capacity

Short fibers with pennate and multipennate design are
typical in high force-producing muscles (ex. quadriceps,
gastrocnemius, deltoid, biceps brachii)

Long fibers with parallel design are typical in muscles
with fast shortening rates but lower force production 
(ex. sartorius, lumbricals)

High percentage of type I fibers favors low force
production, slow rate of maximum force development,
resistance to fatigue

High percentage of type IIA and IIB fibers favors rapid high
force production and rapid fatigue

Muscle produces greatest tension when it is near or at the
physiological resting length at the time of contraction

Greater tension is produced with longer moment arm

The greater the number and synchronization of motor
units firing, the greater the force production

The higher the firing frequency, the greater the tension

Force output from greatest to least—eccentric, isometric,
concentric muscle contraction

Concentric contraction: ↑ speed → ↓ tension. Eccentric
contraction: ↑ speed → ↑ tension

TABLE 6.1 Determinants and Correlates That Affect Tension Generation of Skeletal Muscle

Factor Influence

Cross-section and size of the muscle (includes muscle fiber
number and size)

Muscle architecture—fiber arrangement and fiber length
(also relates to cross-sectional diameter of the muscle)

Fiber-type distribution of muscle—type I (tonic, slow-twitch)
and type IIA & IIB (phasic, fast-twitch)

Length-tension relationship of muscle at time of contraction

Moment arm between muscle force vector and axis of joint
rotation

Recruitment of motor units

Rate of motor unit firing

Type of muscle contraction

Speed of muscle contraction (force-velocity relationship)
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program. There are several types of fatigue, each with its
own definition. 

Muscle (local) fatigue. Most relevant to resistance exercise is
the phenomenon of skeletal muscle fatigue. Muscle fatigue—
the diminished response of muscle to a repeated stimulus—is
reflected in a progressive decrement in the amplitude of motor
unit potentials.176,184 This occurs during exercise when a muscle
repeatedly contracts statically or dynamically against an 
imposed load.

Muscle fatigue is an acute physiological response to exer-
cise that is normal and reversible. It is characterized by a 
gradual decline in the force-producing capacity of the neu-
romuscular system. This is a temporary decline that leads to
a decrease in muscle strength.23,52,176,241

The diminished contractile response of the muscle is
caused by a complex combination of factors, which include
disturbances in the contractile mechanism of the muscle 
itself (associated with a decrease in energy stores, insuffi-
cient oxygen, reduced sensitivity and availability of intracel-
lular calcium, and a build-up of H+) and perhaps reduced
excitability at the neuromuscular junction or inhibitory
(protective) influences from the central nervous system
(CNS).176,184,202

The fiber-type distribution of a muscle, which can be 
divided into two broad categories (type I and type II), affects
its resistance to fatigue.176,184,202 Type II (phasic, fast-twitch)
muscle fibers are further divided into two additional classifi-
cations (types IIA and IIB) based on contractile and fatigue
characteristics. In general, type II fibers generate a great
amount of tension within a short period of time, with type IIB
being geared toward anaerobic metabolic activity and having
a tendency to fatigue more quickly than type IIA fibers. Type I
(tonic, slow-twitch) muscle fibers generate a low level of 
muscle tension but can sustain the contraction for a long time.
These fibers are geared toward aerobic metabolism, as are type
IIA fibers. However, type I fibers are more resistant to fatigue
than type IIA. Table 6.2 compares the characteristics of muscle
fiber types.7,175,176,202

Because muscles are composed of varying proportions of
tonic and phasic fibers, their function becomes specialized. For
example, a heavy distribution of type I (slow twitch, tonic)
fibers is found in postural muscles, allowing them to sustain a
low level of tension for extended periods of time. Functionally,
postural muscles are suited to hold the body erect against grav-
ity or stabilize against repetitive loads. On the other end of the
fatigue spectrum, muscles with a large distribution of type IIB
(fast twitch, phasic) fibers can produce high increases of ten-
sion over a relatively short time. These muscles function to
move heavy loads but are susceptible to fatigue. 

Clinical signs of muscular fatigue during exercise are
summarized in Box 6.2.184,202 When these signs and symp-
toms develop during resistance exercise, the therapist should
decrease the load on the exercising muscle or stop the exer-
cise and shift to another muscle group to allow time for the
fatigued muscle to rest and recover. When resistance exer-
cises are part of a home program, the therapist should teach
the patient to recognize signs of fatigue and the strategies to
minimize its effects. 

Cardiopulmonary (general) fatigue. This type of fatigue
is the systemic diminished response of an individual to a
stimulus as the result of prolonged physical activity such as
walking, jogging, cycling, or repetitive work. Cardiopul-
monary fatigue is related to the body’s ability to use oxygen
efficiently. Cardiopulmonary fatigue associated with en-
durance training is probably caused by a combination of the
following factors:23,108

■  Decreased blood sugar (glucose) levels
■  Decreased glycogen stores in muscle and liver
■  Depletion of potassium, especially in the elderly patient

Threshold for fatigue. The threshold for fatigue is the level
of exercise that cannot be sustained indefinitely.23 A patient’s
threshold for fatigue could be noted as the length of time a
contraction is maintained or the number of repetitions of an
exercise that initially can be performed. This sets a baseline
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TABLE 6.2 Muscle Fiber Types and Resistance 
to Fatigue

Characteristics Type I Type IIA Type IIB

Resistance High Intermediate Low
to fatigue

Capillary density High High Low

Energy system Aerobic Aerobic Anaerobic

Diameter Small Intermediate Large

Twitch rate Slow Fast Fast

Maximum muscle- Slow Fast Fast
shortening velocity

BOX 6.2 Signs and Symptoms of Muscle
Fatigue

■ An uncomfortable sensation in the muscle, with pain and
cramping possible

■ Shaking or trembling of the contracting muscle
■ An unintentional slowing of contraction velocity with

successive repetitions of an exercise
■ Active movements are jerky or inconsistent
■ Inability to complete the movement pattern through the full

range of available motion during dynamic exercise against
the same level of resistance

■ Use of substitute motions—that is, incorrect movement
patterns—to complete the activity 

■ Inability to continue low-intensity physical activity
■ Decline in peak torque during isokinetic testing
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from which adaptive changes in physical performance can be
measured.

Factors that influence fatigue. A patient’s health status, diet,
or lifestyle (sedentary or active) all influence fatigue thresh-
olds. In patients with neuromuscular, cardiopulmonary, in-
flammatory, cancer-related, or psychological disorders, the
onset of fatigue is often irregular.3,52,90 For instance, it may
occur abruptly, more rapidly, or at predictable intervals.

It is advisable for a therapist to become familiar with the
patterns of fatigue associated with different diseases and med-
ications. In multiple sclerosis, for example, the patient usually
awakens rested and functions well during the early morning.
By mid-afternoon, however, the patient reaches a fatigue
threshold and becomes notably weak. By early evening, 
fatigue often diminishes and strength returns. Patients with
cardiac, peripheral vascular, and pulmonary diseases, as well
as patients with cancer undergoing chemotherapy or radia-
tion therapy, all have deficits that compromise the oxygen
transport system. Therefore, these patients fatigue more read-
ily and require a longer recovery period from exercise.3,90

Environmental factors, such as outside or room tempera-
ture, air quality, and altitude, also influence how quickly the
onset of fatigue occurs and how much time is required for 
recovery from exercise.163,184

Recovery From Exercise
Adequate time for recovery from fatiguing exercise must be
built into every resistance exercise program. This applies to
both intrasession and intersession recovery. After vigorous 
exercise, the body must be given time to restore itself to a state
that existed prior to the exercise. Recovery from acute exercise,
in which the force-producing capacity of muscle returns 
to 90% to 95% of the pre-exercise capacity, usually takes 3 to
4 minutes, with the greatest proportion of recovery occurring
in the first minute.49,233

Oxygen and energy stores replenish quickly in muscle re-
covery. Lactic acid is removed from skeletal muscle and blood
within approximately 1 hour after exercise, and glycogen
stores are replaced over several days.

 FOCUS ON EVIDENCE
Studies over several decades have demonstrated that if light
exercise is performed during the recovery period (active re-
covery), recovery from exercise occurs more rapidly than with
total rest (passive recovery).28,49,107,233 Faster recovery with
light exercise is probably the result of neural as well as circu-
latory influences.49,233

CLINICAL TIP
Muscle performance (strength, power, or endurance) only im-
proves over time if a patient is allowed adequate time to recover
from fatigue after each exercise session.28,107 With insufficient

rest intervals during a resistance exercise program, a patient’s
performance plateaus or deteriorates. Evidence of overtraining
or overwork weakness may become apparent (see additional
discussion in the Overtraining and Overwork section of this
chapter). It has also been shown that fatigued muscles are more
susceptible to acute strains.182

Age
Muscle performance capability will change across the life span.
Whether the goal of a resistance training program is to reme-
diate impairments and activity limitations or enhance fitness
and performance, an understanding of “typical” changes in
muscle performance and response to exercise during each
phase of life is necessary to prescribe effective, safe resistance
exercises for individuals of all ages. Key aspects of how muscle
performance changes throughout life are discussed in this 
section and summarized in Box 6.3.

Early Childhood and Preadolescence
In absolute terms, muscle strength increases linearly with
chronological age in both boys and girls from birth through
puberty.183,249,274 Muscle endurance also increases linearly
during the childhood years.274 Much of these linear increases
are attributed to the development of muscle mass. Muscle
fiber number is essentially determined prior to or shortly after
birth,231 although there is speculation that fiber number may
continue to increase into early childhood.274 The rate of fiber
growth (increase in cross-sectional area) is relatively consis-
tent from birth to puberty. Change in fiber type distribution
is relatively complete by the age of 1, shifting from a predom-
inance of type II fibers to a more balanced distribution of type
I and type II fibers.274

Throughout childhood, boys have slightly greater absolute
and relative muscle mass (kilograms of muscle per kilogram
of body weight) than girls, with boys approximately 10%
stronger than girls from early childhood to puberty.183 This
difference may be associated with differences in relative mus-
cle mass, although social expectations may also contribute to
the observed difference in muscle strength.

It is well established that an appropriately designed resist-
ance exercise program can improve muscle strength in children
above and beyond gains attributable to typical growth and de-
velopment. These training-induced strength gains in prepubes-
cent children occur primarily as the result of neuromuscular
adaptation—that is, without a significant increase in muscle
mass.22,84 Reviews of the literature83,85 have cited many studies
that support these findings. However, there is concern that chil-
dren who participate in resistance training may be at risk for
injuries, such as an epiphyseal or avulsion fractures, because
the musculoskeletal system is immature.22,27,95,253

The American Academy of Pediatrics,5 the American Col-
lege of Sports Medicine (ACSM),6 and the Centers for Disease
Control and Prevention (CDC)36 support youth participation
in resistance training programs if they are designed appropri-
ately, initiated at a reasonable age, and  carefully supervised
(Fig. 6.1). With this in mind, two important questions need
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to be addressed: At what point during childhood is a resist-
ance training program appropriate? And, what constitutes a
safe training program?

There is general consensus that during the toddler, pre-
school, and even the early elementary school years, free play
and organized but age-appropriate physical activities are 
effective methods to promote fitness and improve muscle per-
formance rather than structured resistance training programs.
The emphasis throughout most or all of the first decade of life
should be on recreation and learning motor skills.264

There is lack of agreement, however, on when and under
what circumstances resistance training is an appropriate 
form of exercise for prepubescent children. Although age-
appropriate physical activity on a regular basis has been rec-
ommended for children for some time,5,6,36 it has become
popular for older (preadolescent) boys and girls to participate
in sport-specific training programs (including resistance 

exercises) before, during, and even after the season. In theory,
these training programs enhance athletic performance and
reduce the risk of sport-related injury. Rehabilitation pro-
grams for prepubescent children who sustain injuries during
everyday activities also may include resistance exercises. Con-
sequently, an understanding of the effects of exercise in this
age group must be the basis for establishing a safe program
with realistic goals.

 FOCUS ON EVIDENCE
In the preadolescent age group, many studies have shown
that improvements in strength and muscular endurance are 
similar to training-induced gains in young adults.27,85,86,141

As with adults, when training stops strength levels gradually
return to a pretraining level.82 This suggests that some
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BOX 6.3 Summary of Age-Related Changes in Muscle and Muscle Performance Through the Life Span

Infancy, Early Childhood, and Preadolescence
■ At birth, muscle accounts for about 25% of body weight.
■ Total number of muscle fibers is established prior to birth 

or early in infancy.
■ Postnatal changes in distribution of type I and type II fibers 

in muscle are relatively complete by the end of the first year
of life.

■ Muscle fiber size and muscle mass increase linearly from
infancy to puberty.

■ Muscle strength and muscle endurance increase linearly 
with chronological age in boys and girls throughout childhood
until puberty.

■ Muscle mass (absolute and relative) and muscle strength 
is approximately 10% greater in boys than girls from early
childhood to puberty.

■ Training-induced strength gains occur equally in both sexes
during childhood without evidence of hypertrophy until
puberty.

Adolescence
■ Rapid acceleration in muscle fiber size and muscle mass,

especially in boys. During puberty, muscle mass increases
more than 30% per year.

■ Rapid increase in muscle strength in both sexes.
■ Marked difference in strength levels develops between boys

and girls.
■ In boys, muscle mass and body height and weight peak 

before muscle strength peaks; in girls, strength peaks 
before body weight peaks.

■ Relative strength gains through resistance training are
comparable between the sexes, with significantly greater
muscle hypertrophy in boys.

Young and Middle Adulthood
■ Muscle mass peaks in women between 16 and 20 years of

age; muscle mass in men peaks between 18 and 25 years 
of age.

■ Muscle mass constitutes approximately 40% of total body
weight during early adulthood, with men having slightly more
muscle mass than women.

■ Muscle continues to develop into the second decade, especially
in men.

■ Muscle strength and endurance reach a peak during the
second decade, earlier for women than men.

■ Decreases in muscle mass begin to occur as early as 25 years
of age.

■ Starting in the third decade, strength declines between 8%
and 10% per decade through the fifth or sixth decade.

■ Strength and muscle endurance decline less rapidly in
physically active adults.

■ Improvements in strength and endurance are possible with
only modest increases in physical activity.

Late Adulthood
■ Muscle strength declines at a rate of 15% to 20% per decade

during the sixth and seventh decades and declines at a rate of
30% per decade thereafter.

■ By the eighth decade, skeletal muscle mass will have
decreased by 50% compared to peak muscle mass.

■ Muscle fiber size (cross-sectional area), type I and type II fiber
quantity, and the number of alpha motoneurons all decrease. 

■ Preferential atrophy of type II muscle fibers occurs.
■ Muscle contraction speed and peak power production both

decrease.
■ Endurance and maximum oxygen uptake gradually but

progressively decrease.
■ The force-producing capacity of muscle is reduced.
■ Performance of functional skills begins to decline during the

sixth decade.
■ Significant deterioration in functional abilities by the eighth

decade is associated with a decline in muscular endurance.
■ With a resistance training program, significant improvements

in muscle strength, power, and endurance is possible during
late adulthood.
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maintenance level of training could be useful in children as
with adults.83

Although training-induced gains in strength and muscular
endurance are well documented, there is insufficient evidence
to suggest that a structured resistance training program for
children, when coupled with a general sports conditioning
program, reduces injuries or enhances sports performance.5

However, other health-related benefits of a balanced exercise
program have been noted, including increased cardiopul-
monary fitness, decreased blood lipids levels, and improved
psychological well-being.22,27,82,141 These findings suggest that
participation in a resistance training program during pread-
olescence may be of value if the program is performed at an
appropriate level (low loads and repetitions), incorporates
sufficient rest periods, and is closely supervised.5,22,83,253

Adolescence
As hormonal levels change at puberty, there is rapid accelera-
tion in the development of muscle strength, especially in boys.
During this phase of development, typical strength levels 

become markedly different in boys and girls, due in part to
hormonal differences between the sexes. Strength in adolescent
boys increases about 30% per year between ages 10 and 16, 
with muscle mass peaking before muscle strength.34,183 In 
adolescent girls, peak strength develops before peak mass.88

Overall, muscle mass increases more than 5-fold in boys 
and approximately 3.5-fold in girls during the adolescent
years.34,183 Although most longitudinal studies of growth stop
at age 18, strength continues to develop, particularly in males,
well into the second and even into the third decade of life.183

As with prepubescent children, resistance training during
puberty also results in significant strength gains. During pu-
berty, these gains average 30% to 40% above that which is
expected as the result of normal growth and maturation.83

A balanced training program for the adolescent involved in
a sport often includes off-season and preseason aerobic con-
ditioning and low-intensity resistance training, followed by
more vigorous, sport-specific training during the season.22

The benefits of strength training noted during puberty are
similar to those that occur in prepubescent children.82,86

Young and Middle Adulthood
Although data on typical strength and endurance levels dur-
ing the second through the fifth decades of life are more often
from studies of men than women, a few generalizations can
be made that seem to apply to both sexes.178 Strength peaks
earlier in women than men, with women reaching a peak dur-
ing the second decade and most men peaking by age 30. After
these peaks, strength then declines approximately 1% per
year,274 or 8% per decade.100 This decline in strength appears
to be minor until about age 50264 and tends to occur at a later
age or slower rate in active adults versus those who are seden-
tary.104,274 The potential for improving muscle performance
with a resistance training program (Fig. 6.2 A and B) or by
participation in even moderately demanding activities several
times a week is high during this phase of life. Guidelines for
young and middle-aged adults participating in resistance
training as part of an overall fitness program have been pub-
lished by the ACSM8 and the CDC.35

Late Adulthood
In most cases, the rate of decline in the tension-generating 
capacity of muscle accelerates to approximately 15% to 20%
per decade for men and women in their sixties and seventies,
and it increases to 30% per decade thereafter.104,178 However,
the rate of decline may be significantly less (only 0.3% decrease
per year) in elderly men and women who maintain a high
level of physical activity.113 These findings suggest that loss 
of muscle strength during the advanced years may be due, in
part, to progressively greater inactivity and disuse.39 Loss of
muscle in the lower extremity and trunk strength and 
stability during late adulthood—most notably during the 
seventies, eighties, and beyond—is associated with a gradual
deterioration of functional abilities and an increase in the 
frequency of falling.39,125

The decline in muscle strength and endurance in the eld-
erly is associated with many factors in addition to progressive
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FIGURE 6.1 Resistance training, if initiated during the preadoles-
cent years, should be performed using body weight or light weights
and carefully supervised.
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disuse and inactivity. It is difficult to determine if these 
factors are causes or effects of an age-related decrease in
strength. Neuromuscular factors include decreased muscle
mass (atrophy), decreased number of type I and II muscle
fibers with a corresponding increase in connective tissue in
muscle, decreased cross-sectional size of muscle, selective 
atrophy of type II fibers, and change in the length-tension
relationship of muscle associated more with loss of flexibility
than with deficits in motor unit activation and firing
rate.35,100,136,229,258,264,279 The number of motor units also ap-
pears to decline after age 60.136

In addition to decreases in muscle strength, declines in the
speed of muscle contraction, muscle endurance, and the abil-
ity to recover from muscular fatigue occur with advanced
age.136,258 The time needed to produce the same absolute and
relative levels of torque output is longer in the elderly com-
pared with younger adults, as is the time necessary to achieve
relaxation after a voluntary contraction.100 Consequently, as
the rate of movement declines, so does the ability to generate
muscle power during activities that require quick responses,
such as rising from a low chair or making balance adjustments
to prevent a fall. Deterioration of muscle power with age has
a stronger relationship to functional limitations and disability
than does muscle strength.220

Information on changes in muscle endurance with aging
is limited. There is some evidence to suggest that the ability
to sustain low-intensity muscular effort also declines with age,
a change attributed to reduced blood supply and capillary
density in muscle, decreased mitochondrial density, changes
in enzymatic activity level, and decreased glucose transport.100

As a result, muscle fatigue may tend to occur more readily in
the elderly. In the healthy and active elderly population, the
decline in muscle endurance appears to be minimal well into
the seventies.136

During the past few decades, as the health-care community
and the public have become more aware of the benefits of re-
sistance training during late adulthood, a greater number of
older adults are participating in fitness programs that include
resistance exercises. ACSM and the CDC have published
guidelines for resistance training for healthy adults over 60 to
65 years of age.6,37 (For additional information on exercise in
the older population, see Chapter 24.)

Psychological and Cognitive Factors
An array of psychological factors can influence muscle 
performance and how easily, vigorously, or cautiously a per-
son moves. Just as injury and disease adversely affect muscle
performance, so can a person’s mental status. For example,
fear of pain, injury, or re-injury; depression related to physical
illness; or impaired attention or memory as the result of age,
head injury, or the side effects of medication can all adversely
affect motor ability. In contrast, psychological factors can also
positively influence physical performance.

The principles and methods employed to maximize motor
performance and learning as functions of effective patient 
education are discussed in Chapter 1. These principles and
methods should be applied in a resistance training program
to develop a requisite level of muscle strength, power, and en-
durance for functional activities. The following interrelated
psychological factors, as well as other aspects of motor learn-
ing, may influence muscle performance and the effectiveness
of a resistance training program.

Attention
A patient must be able to focus on a given task to learn how 
to perform it correctly. Attention involves the ability to process
relevant data while screening out irrelevant information from
the environment and to respond to internal cues from the body.
Both are necessary when first learning an exercise and later when
carrying out an exercise program independently. Attention to
form and technique during resistance training is necessary for
patient safety and optimal long-term training effects.

Motivation and Feedback
If a resistance exercise program is to be effective, a patient
must be willing to put forth and maintain sufficient effort
and adhere to the program over time. Using meaningful ac-
tivities that are perceived as having potential usefulness or
periodically modifying an exercise routine help maintain a
patient’s interest in resistance training. Charting or graphing
a patient’s strength gains, for example, also helps sustain 
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FIGURE 6.2 Conditioning and fitness programs for active young 
and middle-aged adults include resistance training with a balance of
(A) upper extremity and (B) lower extremity strengthening exercises.

A

B
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motivation. Incorporating gains in muscle performance into
functional activities as early as possible puts improvements
in strength to practical use, thereby making those improve-
ments meaningful.

The importance of feedback for learning an exercise or
motor skill is discussed in Chapter 1. In addition, feedback
can have a positive impact on a patient’s motivation and sub-
sequent adherence to an exercise program. For example, some
computerized equipment, such as isokinetic dynamometers,
provide visual or auditory signals that let the patient know if
each muscle contraction during a particular exercise is within
a specific range of intensity or work that is likely to cause a
training effect. Documenting improvements over time, such
as the amount of external resistance used during various 
exercises or walking distance or speed, also provides positive
feedback to sustain a patient’s motivation in a resistance 
exercise program.

Physiological Adaptations 
to Resistance Exercise
The use of resistance exercise in rehabilitation and condition-
ing programs has a substantial impact on all systems of the
body. Resistance training is equally important for patients
with impaired muscle performance and individuals who 
wish to improve or maintain their level of fitness, enhance
performance, or reduce their injury risk. When body systems 

are exposed to a greater than usual, but appropriate level of
resistance exercises, they initially react with a number of acute
physiological responses before adapting—that is, body sys-
tems accommodate over time to the newly imposed physical
demands.6,7,184 Training-induced adaptations to resistance 
exercise, known as chronic physiological responses, are sum-
marized in Table 6.3 and discussed in this section. Key differ-
ences in adaptations from strength training versus endurance
training are noted.

Adaptations to overload create changes in muscle perform-
ance and, in part, determine the effectiveness of a resistance
training program. The time course for these adaptations to
occur varies from one individual to another depending on a
person’s health status and previous level of participation in a
resistance exercise program.8

Neural Adaptations
It is well accepted that the initial, rapid gain in the tension-
generating capacity of skeletal muscle from a resistance train-
ing program is attributed largely to neural responses, not
adaptive changes in muscle itself.103,176,195,225 This is reflected
by an increase in electromyographic (EMG) activity during
the first 4 to 8 weeks of training, with little to no evidence of
muscle fiber hypertrophy. It is also possible that increased
neural activity is the source of additional gains in strength late
in a resistance training program after muscle hypertrophy has
plateaued.162,184
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TABLE 6.3 Physiological Adaptations to Resistance Exercise

Variable Strength Training Adaptations Endurance Training Adaptations

Skeletal muscle structure

Neural system

Metabolic system and 
enzymatic activity

Body composition

Connective tissue

Muscle fibers hypertrophy: greatest in type
IIB fibers
Possible hyperplasia of muscle fibers
Fiber type composition: remodeling of type
IIB to type IIA; no change in type I to type II
distribution (i.e., no conversion)
↓ or no change in capillary bed density:
↓ in mitochondrial density and volume

Motor unit recruitment (↑ # of motor units
firing)
↑ rate of firing (↓ twitch contraction time)
↑ synchronization of firing

↑ ATP and PC storage
↑ myoglobin storage
Triglycerides storage: change not known
↑ creatine phosphokinase
↑ myokinase

↑ lean (fat-free) body mass; ↓ % body fat

↑ tensile strength of tendons, ligaments,
and connective tissue in muscle
↑ bone mineral density; no change or
possible ↑ in bone mass

Minimal or no muscle fiber hypertrophy
↑ in capillary bed density
↑ in mitochondrial density and volume 
(↑ number and size)

No changes

↑ ATP and PC storage:
↑ myoglobin storage
↑ of stored triglycerides
↑ creatine phosphokinase
↑ myokinase

No change in lean body mass; ↓ % body fat

↑ tensile strength of tendons, ligaments, and
connective tissue in muscle
↑ in bone mineralization with land-based,
weight-bearing activities
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The initial neural responses to resistance exercise are attrib-
uted to motor learning and improved coordination103,161,163,184

through increased recruitment in the number of motor units
firing and an increased rate and synchronization of motor unit
firing.103,161,217,225 It is speculated that these changes are the re-
sult of decreased inhibition of the CNS, decreased sensitivity
of the Golgi tendon organ, or changes at the myoneural junc-
tion of the motor unit.103,225

Skeletal Muscle Adaptations

Hypertrophy
As noted previously, the tension-producing capacity of muscle
is directly related to the physiological cross-sectional area of the
individual muscle fibers. Hypertrophy is an increase in the size
of an individual muscle fiber caused by increased myofibrillar
volume.198,258 After an extended period of moderate- to high-
intensity resistance training, usually by 4 to 8 weeks,1,271 but
possibly as early as 2 to 3 weeks with very high-intensity resist-
ance training,243 hypertrophy becomes an increasingly impor-
tant adaptation that accounts for muscle strength gains.

Although the mechanism of hypertrophy is complex and
the stimulus for growth is not clearly understood, hypertro-
phy of skeletal muscle appears to be the result of increased
protein (actin and myosin) synthesis and decreased protein
degradation. Hypertrophy is also associated with biochemical
changes that stimulate uptake of amino acids.161,184,198,258

The greatest increases in protein synthesis and hypertrophy
are associated with high-volume, moderate-resistance exercise
performed eccentrically.161,223 Furthermore, it is the type IIB
muscle fibers that appear to increase in size most readily with
resistance training.184,202

Hyperplasia
Although the topic has been debated for many years and evi-
dence of the phenomenon is sparse, there is some thought that
a portion of the increase in muscle size that occurs with heavy
resistance training is caused by hyperplasia, an increased num-
ber of muscle fibers. It has been suggested that this increase in
fiber number, observed in laboratory animals,111,112 is the result
of longitudinal splitting of fibers.13,134,191 It has been postulated
that fiber splitting occurs when individual muscle fibers 
increase in size to a point at which they are inefficient and then
subsequently split to form two distinct fibers.111

Critics of the concept of hyperplasia suggest that evidence
of fiber splitting actually may be caused by inappropriate tissue
preparation in the laboratory.109 The general opinion in the
literature is that hyperplasia either does not occur, or if it does
occur to a slight degree, its impact is insignificant.96,176,181

Muscle Fiber Type Adaptation
As previously mentioned, type IIB (phasic) muscle fibers pref-
erentially hypertrophy with heavy resistance training. In ad-
dition, a substantial degree of plasticity exists in muscle fibers
with respect to contractile and metabolic properties.229 Trans-
formation of type IIB to type IIA is common with endurance
training,229 as well as during the early weeks of heavy resist-
ance training,243 making the type II fibers more resistant to

fatigue. There is some evidence of type I to type II fiber type
conversion in the denervated limbs of laboratory ani-
mals,208,286 in humans with spinal cord injury, and after an
extended period of weightlessness associated with space
flight.229 However, there is little to no evidence of type II to
type I conversion under training conditions in rehabilitation
or fitness programs.184,229

Vascular and Metabolic Adaptations
Adaptations of the cardiovascular and respiratory systems
as the result of low-intensity, high-volume resistance train-
ing are discussed in Chapter 7. Opposite to what occurs with
endurance training, with muscle hypertrophy from high-
intensity, low-volume training, capillary bed density actually
decreases because of the increased number of myofilaments
per fiber.7 Athletes who participate in heavy resistance train-
ing actually have fewer capillaries per muscle fiber than en-
durance athletes and even untrained individuals.148,256 Other
changes associated with metabolism, such as a decrease in
mitochondrial density, also occur with high-intensity resist-
ance training.7,161 This change is associated with reduced 
oxidative capacity of muscle.

Adaptations of Connective Tissues
Although the evidence is limited, it appears that resistance
training for muscle strength increases the tensile strength of
tendons, ligaments, and bone.47,247,287

Tendons, Ligaments, and Connective Tissue 
in Muscle
Increased tendon strength probably occurs at the musculo-
tendinous junction, whereas increased ligament strength may
occur at the ligament-bone interface. It is believed that tensile
strength increases in these tissues from resistance training
function to support the adaptive strength and size changes of
muscle.287 Consequently, the stronger ligaments and tendons
may be less prone to injury. The connective tissue in muscle
also thickens, giving more support to the enlarged fibers.184

It is also thought that noncontractile soft tissue strength may
develop more rapidly with eccentric resistance training than
with other types of resistance exercises.246,247

Bone
Numerous sources indicate that bone mineral density is
highly correlated with muscle strength and the level of phys-
ical activity across the life span.228 Consequently, physical 
activities and exercises, particularly those performed in
weight-bearing positions, are typically recommended to min-
imize or prevent age-related bone loss218 and to reduce the
risk of fractures or improve bone density when osteopenia or
osteoporosis is already present.51,228

 FOCUS ON EVIDENCE
Although the evidence from prospective studies is limited
and mixed, resistance exercises performed with adequate in-
tensity and with site-specific loading through weight bearing
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have been shown to increase or maintain bone mineral 
density.150,154,168,190,201 In contrast, a number of studies in
young, healthy women222 and postmenopausal women219,234

have reported that there was no significant increase in bone
mineral density with resistance training. However, the re-
sistance exercises in these studies were not combined with
site-specific weight bearing. In addition, the intensity of the
weight training programs may not have been high enough
to have an impact on bone density.168,228 The time course of
the exercise program also may not have been long enough.
It has been suggested that it may take as long as 9 to 
12 months of exercise for detectable and significant in-
creases in bone mass to occur.8 In the spine, although studies
to date have not shown that resistance training prevents
spinal fractures, there is some evidence to suggest that the
strength of the back extensors closely correlates with verte-
bral bone mineral density.234

Research continues to determine the most effective forms of
exercise to enhance bone density and prevent age-related bone
loss and fractures. For additional information on prevention
and management of osteoporosis, refer to Chapters 11 and 24.

Determinants of Resistance
Exercise

Many interrelated factors determine whether a resistance ex-
ercise program is appropriate, effective, and safe. This holds
true when resistance training is a part of a rehabilitation pro-
gram for individuals with known or potential impairments
in muscle performance, when it is incorporated into a general
conditioning program to improve the fitness level of healthy
individuals, or as part of a comprehensive exercise program
intended to increase performance and reduce injury risk.

Each factor discussed in this section and noted in Box 6.4
should be considered when designing a resistance program to
improve one or more aspects of muscle performance and
achieve desired functional outcomes. Appropriate alignment
and stabilization are two constant factors for any exercise de-
signed to improve muscle performance. A suitable dosage of
exercise must also be determined. In resistance training,
dosage includes intensity, volume, frequency, and duration of
exercise. Each separate dosage factor is a mechanism by which
the muscle can be progressively overloaded to improve muscle
performance. The velocity of exercise and the mode (type) of
exercise must also be considered. Finally, the appropriate rest
interval between sessions must be determined. ACSM denotes
the key determinants of a resistance training program by the
acronym FITT, which represents frequency, intensity, time,
and type of exercise.6

Consistent with the SAID principle discussed in the first
section of this chapter, the determinants of resistance exercise
must be specific to the patient’s desired functional goals. Ad-
ditional factors, such as the underlying cause of the muscle

performance deficits; the extent of impairment; and the pa-
tient’s age, medical history, mental status, and social situation,
may also affect the design and implementation of a resistance
exercise program.

Alignment and Stabilization
Just as correct alignment and effective stabilization are basic
elements of manual muscle testing and dynamometry, they
are also crucial in resistance exercise. To strengthen a specific
muscle or muscle group effectively and avoid substitute mo-
tions, appropriate positioning of the body and alignment of
a limb or body segment are essential. Substitute motions are
compensatory movement patterns caused by muscle action
of a stronger adjacent agonist or a muscle group that normally
serves as a stabilizer.152 Substitute motions must be avoided
if the resistance exercises are to optimally benefit the target
muscle or muscle group. If the principles of alignment and
stabilization for manual muscle testing132,152 are applied
whenever possible during resistance exercise substitute mo-
tions can usually be avoided.

Alignment
Alignment and muscle action. Proper alignment is deter-
mined by considering the fiber orientation, the line of pull,
and the specific action desired of the muscle to be strength-
ened. The patient or body segment must be positioned so the
direction of movement of a limb or segment of the body
replicates the action of the muscle or muscle groups to be
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BOX 6.4 Determinants of a Resistance
Exercise Program

■ Alignment of body segments during each unique exercise
■ Stabilization of proximal or distal joints to prevent

substitute motions
■ Intensity: the exercise load or level of resistance
■ Volume: the total number of repetitions and sets in an

exercise session
■ Exercise order: the sequence in which muscle groups are

exercised during a session
■ Frequency: the number of exercise sessions per day or per

week
■ Rest interval: the time allotted for recuperation between

exercise sets and sessions
■ Duration: total time committed to a resistance training

program
■ Mode: the type of muscle contraction, type of resistance,

arc of movement used, and primary energy system utilized
during exercise

■ Velocity: the rate at which each exercise is performed
■ Periodization: the variation of intensity and volume during

specific periods of resistance training
■ Integration of exercises into functional activities: exercises

that approximate or replicate functional demands
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strengthened. For example, to strengthen the gluteus medius,
the hip must remain slightly extended and the pelvis must 
be shifted slightly forward as the patient abducts the lower 
extremity against the applied resistance. If the hip is flexed as
the leg abducts, the adjacent tensor fasciae latae becomes the
prime mover and detracts from the beneficial effect to the 
gluteus medius (Fig. 6.3). 

has the proximal attachment of the muscle being strength-
ened, but sometimes the distal segment is stabilized. For ex-
ample, when strengthening the plantarflexors against the
resistance of an elastic band in a long-sitting position, the
proximal muscle attachment on the leg must be stabilized.
However, if strengthening against the resistance of body
weight and gravity while standing, the distal segment foot is
now stabilized by contact with the ground. 

Stabilization for resistance exercise can be achieved
through external or internal means.

■  External stabilization can be applied manually by the ther-
apist or the patient with equipment such as belts and straps
or by using gravity to hold the body against a firm support
surface such as the back of a chair or the surface of a treat-
ment table.

■  Internal stabilization is achieved by an isometric contrac-
tion of an adjacent muscle group that does not impact the
desired movement pattern but holds the proximal body
segment of the muscle being strengthened firmly in place.
For example, when performing a bilateral straight leg raise
while positioned in supine, the abdominals contract to 
stabilize the pelvis and lumbar spine as the hip flexors raise
the legs. This form of stabilization is effective only if the
fixating muscle group is strong enough or not fatigued.

Exercise Intensity
The intensity of exercise in a resistance training program is
the amount of external resistance imposed on the contracting
muscle during each repetition of an exercise. The amount of
resistance is also referred to as the exercise load or training
load—that is, the extent to which the muscle is loaded or how
much weight is raised, lowered, or held.

Remember, consistent with the overload principle, muscle
performance improves only if the muscle is subjected to an
exercise load that is greater than what is usually experienced.
One way to progressively overload a muscle is to gradually 
increase the amount of resistance used in the exercise 
program.6,8,95,162,163

Submaximal Versus Maximal Exercise Loads
Many factors determine whether resistance exercise is carried
out against submaximal or maximal muscle loading. These
factors include the goals and expected functional outcomes
of the exercise program; the cause and extent of muscle per-
formance deficits; the stage of healing of injured tissues; and
the patient’s age, general health, and fitness level. In general,
the level of resistance is lower in rehabilitation programs for
persons with impairments than in conditioning programs for
healthy individuals.

Indications for submaximal loading for moderate to low-
intensity exercise versus near-maximal or maximal loading
for high-intensity exercise are summarized in Table 6.4.

PRECAUTION: Resistance exercises that cause pain indicate
that the intensity level is too great. Also, there is a direct 
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Tensor
fascia latae

Gluteal
aponeurosis

FIGURE 6.3 When performing hip abduction, emphasize maintain-
ing the hip in extension and slight external rotation to (A) strengthen
the gluteus medius. Allowing the hip to flex while attempting abduc-
tion (B) puts the TFL in in line to abduct the hip and minimizes bene-
fit to the gluteus medius.

Alignment and gravity. The alignment or position of the 
patient or limb with respect to gravity will also be important
during some forms of resistance exercise, particularly if body
weight or free weights (dumbbells, barbells, and cuff weights)
are the source of resistance. The patient or limb should be po-
sitioned in a way that considers how both gravity and a weight
provide external resistance to the muscle being strengthened. 

Staying with the example of strengthening the gluteus
medius, if a cuff weight is placed around the lower leg, the 
patient must be positioned in side-lying so that the muscle
contraction overcomes the external resistance applied by both
gravity and the cuff weight. However, if the patient were 
positioned in supine, the cuff weight and gravity’s resistance
force become oriented to optimally resist hip flexion rather
than abduction. 

Stabilization
Stabilization refers to holding down a body segment or hold-
ing the body steady.152 Effective stabilization is imperative
during resistance exercise to maintain appropriate alignment,
ensure the correct muscle action and movement pattern, and
avoid unwanted substitute motions. Exercising on a stable
surface, such as a firm treatment table, helps achieve stabi-
lization. Body weight also provides a source of stability during
exercise. It is most common to stabilize the body segment that

A B
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relationship between increasing exercise intensity requiring
maximal effort and cardiovascular risks. Patients need continual
reminders to incorporate rhythmic breathing into each repeti-
tion of an exercise to minimize these risks.

Initial Exercise Load (Amount of Resistance)
and Documentation of Training Effects
It is always challenging to estimate how much external re-
sistance to apply during resistance exercises, particularly at
the beginning of a strengthening program. When applying
manual resistance, the decision is entirely subjective, based
on the therapist’s judgment about the patients’ effort, per-
formance, and response during exercise. In an exercise pro-
gram using mechanical resistance, the determination can be
made quantitatively.

Repetition Maximum
One method of calculating an appropriate exercise load 
for training is to determine a repetition maximum. This term
was first reported decades ago by DeLorme in his investiga-
tions of an approach to resistance training called progressive
resistive exercise (PRE).60,61 A repetition maximum (RM) is
defined as the greatest amount of weight or load that can be
moved with control through the full, available range of mo-
tion (ROM) a specific number of times before fatiguing.

Use of a RM. There are two main reasons for determining a
RM: (1) to identify an initial exercise load (amount of weight)
to be used during exercise for a specified number of repeti-
tions and (2) to document a baseline measurement of the 
dynamic strength of a muscle or muscle group against which
exercise-induced improvements in strength can be compared.

DeLorme reported use of a 1-RM (the greatest amount of
weight a subject can move through the available ROM just
one time) as the baseline measurement of a subject’s maxi-
mum effort but used a multiple RM, specifically a 10-RM,
(the amount of weight that could be lifted and lowered 
10 times through the ROM) during training.61

Despite criticism that establishing a 1-RM involves some
trial and error, it is a frequently used method for measuring
muscle strength in research studies and has been shown to 
be a safe and reliable measurement tool prior to beginning
conditioning programs with healthy young adults and 
athletes95,163 as well as active older adults.194,252,262

PRECAUTION: Use of a 1-RM as a baseline measurement of
dynamic strength is inappropriate for some patient populations
because one maximum effort may require an unsafe amount 
of exertion. For example, it is not safe for patients with joint 
impairments, patients who are recovering from or who are at
risk for soft tissue injury, or patients with known or at risk for
osteoporosis or cardiovascular pathology.

CLINICAL TIP
To avoid the trial and error associated with establishing a 
1-RM or to eliminate the need for an at-risk patient to exert
a single maximum effort, formulas have been developed and
tables have been published16,135 that enable a therapist to cal-
culate a 1-RM for each muscle group to be strengthened based
on the patient performing a greater number of repetitions
against a reduced load.

180 Determinants of Resistance Exercise

TABLE 6.4 Indications for Low-Intensity Versus High-Intensity Exercise

Low Intensity High Intensity

In the early stages of soft tissue healing when injured
tissues must be protected

After prolonged immobilization when the articular cartilage
is not able to withstand large compressive forces or when
bone demineralization may have occurred, increasing the
risk of pathological fracture 

To evaluate the patient’s response to resistance exercise,
especially after an extended period of inactivity

When initially learning an exercise to emphasize the correct
form

For most children or older adults

When the goal of exercise is to improve muscle endurance

To warm-up and cool-down prior to and after a session of
exercise

During slow-velocity isokinetic training to minimize
compressive forces on joints

When the goal of exercise is to increase muscle strength
and power and possibly increase muscle size

For otherwise healthy adults in the advanced phase of a
rehabilitation program after a musculoskeletal injury in
preparation for returning to high-demand occupational 
or recreational activities

In a conditioning program for individuals with no known
pathology

For individuals training for competitive weight lifting or
body building
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Another practical, time-saving way to establish a baseline
RM is for a therapist to select a specific amount of resistance
(weight) and document how many repetitions can be com-
pleted through the full range before the muscle begins to 
fatigue. If six repetitions, for example, were completed, the
baseline resistance would be based on a 6-RM. Remember, a
sign of fatigue is the inability to complete the full, available
ROM against the applied resistance.

Alternative Methods of Determining Baseline
Strength or an Initial Exercise Load
Cable tensiometry184 and isokinetic or handheld dynamom-
etry53 are alternatives to a RM for establishing a baseline
measurement of dynamic or static strength. A percentage of
body weight has also been proposed to estimate the amount
of external resistance to be used in a strength training pro-
gram.226 Some examples for several exercises are noted in
Box 6.5. The percentages indicated are meant as guidelines
for the advanced stage of rehabilitation and are based on 
10 repetitions of each exercise at the beginning of an exercise
program. Percentages vary for different muscle groups.

When a maximum effort is inappropriate, the level of per-
ceived loading, as measured by the Borg CR10 scale,29 is also a
useful tool in estimating an appropriate level of resistance and
sufficient exercise intensity for muscle strengthening.8 Box 6.6
provides the category scale used with the Borg CR10.29

Training Zone
After establishing the baseline RM, the amount of external 
resistance to be used at the initiation of resistance training is
often calculated as a percentage of a 1-RM for a particular muscle
group. At the beginning of an exercise program the percentage
necessary to achieve training-induced adaptations in strength
ranges from low (30% to 40%) for sedentary, untrained indi-
viduals to very high (>80%) for highly trained individuals. For
healthy but untrained adults, a typical training zone usually 
falls between 40% and 70% of the baseline 1-RM.6,8,13 The lower
percentage of this range is safer at the beginning of a program
to enable an individual to focus on learning correct exercise
form and technique before progressing to higher loads.

Exercising at a low to moderate percentage of the estab-
lished RM is recommended for children and the elderly.6,8 For
patients with significant deficits in muscle strength or to train
for muscular endurance, using a low load—possibly at the
30% to 50% level—is safe yet challenging.

Exercise Volume
In resistance training, the volume of exercise is the summa-
tion of the total number of repetitions and sets of a partic-
ular exercise during a single exercise session multiplied by
the intensity of the exercise.6,8,162 The same combination of
repetitions and sets is not and should not be used for all
muscle groups.

There is an inverse relationship between the sets and 
repetitions of an exercise and the intensity of the resistance. The
higher the intensity or external resistance, the lower the number
of repetitions and sets are possible. Conversely, the lower the
external resistance, the greater the number of repetitions and
sets are possible. Therefore, the external resistance directly dic-
tates how many repetitions and sets are possible.

Repetitions. The number of repetitions in an exercise pro-
gram refers to the number of times a particular movement is
performed consecutively. More specifically, it is the number
of muscle contractions performed to move the limb through
a series of continuous and complete excursions against a 
specific exercise load.

If the RM designation is used, the number of repetitions
at a specific exercise load is reflected in the designation. For
example, 10 repetitions with a 20-lb load is designated as a
10-RM. If a 1-RM has been established as a baseline level of
dynamic strength, the percentage of the 1-RM that is used
as the exercise load will directly influence the number of
repetitions a patient is able to perform before fatiguing. The
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BOX 6.6 Borg CR10 Scale for Estimating
Perceived Exertion29

0 Nothing at all

0.3

0.5 Extremely weak Just noticeable

0.7

1 Very weak

1.5

2 Weak Light

2.5

3 Moderate

4

5 Strong Heavy

6

7 Very strong

8

9

10 Extremely strong “Maximal”

11

• Absolute maximum Highest possible

BOX 6.5 Percentage of Body Weight as an
Initial Exercise Load for Selected
Exercises

■ Universal bench press: 30% body weight
■ Universal leg extension: 20% body weight
■ Universal leg curl: 10% to 15% body weight
■ Universal leg press: 50% body weight
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“average,” untrained adult, when exercising with a load that
is equivalent to 75% of the 1-RM, is able to complete ap-
proximately 10 repetitions before needing to rest.16,184 At
60% intensity, about 15 repetitions are possible, and at 90%,
intensity only 4 or 5 repetitions are usually possible.

For practical reasons, after a beginning exercise load is 
selected, the target number of repetitions performed for each
exercise before a brief rest is often within a range rather than
an exact number of repetitions. For example, a patient might
be able to complete between 8 and 10 repetitions against a
specified load before resting. This is sometimes referred to as
a RM zone184 and gives the patient flexibility in their exercise
program.

The target number of repetitions selected depends on
the patient’s status and whether the goal of the exercise is
to improve muscle strength or endurance. No optimal
number of repetitions for strength training or endurance
training has been identified, although greater strength has
been reported for exercise programs using from a 2- to 
3-RM to a 15-RM.16,164

Sets. A predetermined number of consecutive repetitions
grouped together is known as a set or bout of exercise. After
each set of a specified number of repetitions, there is a brief
interval of rest. For example, during a single exercise session
to strengthen a particular muscle group, a patient might be
directed to lift an exercise load 8 to 10 times, rest, and then
lift the load another 8 to 10 times. This sequence describes
two sets of an 8- to 10-RM.

As with repetitions, there is no optimal number of sets
per exercise session, but two to four sets are a common rec-
ommendation for adults.6 As few as one set and as many as
six sets have yielded positive training effects.8,162 Single-set
exercises at low intensities are most common in the very
early phases of a resistance exercise program or in a main-
tenance program. Multiple-set exercises are used to progress
the program and have been shown to be superior to single-
set regimens in advanced training.164

Training to Improve Strength, Power, 
or Endurance: Impact of Exercise Load 
and Repetitions
Because many variations of intensity and volume cause pos-
itive training-induced adaptations in muscle performance,
there is a substantial amount of latitude for selecting an 
exercise load/repetition and set scheme for each exercise. 
Clinicians can improve their ability to select appropriate 
exercise volume parameters for their patients and clients by
determining if their goal is to improve muscle strength,
power, or endurance.

To Improve Muscle Strength
In DeLorme’s early studies,60,61 three sets of a 10-RM per-
formed for 10 repetitions over the training period led to
strength gains. Current recommendations for strength train-
ing vary somewhat. One resource15 suggests that a threshold
of 40% to 60% of maximum effort is necessary for adaptive

strength gains to occur in a healthy but untrained individual.
However, other resources recommend using a moderate 
exercise load (60% to 80% of a 1-RM) that causes fatigue after
8 to 12 repetitions for 2 or 3 sets. 6,162 When fatigue no longer
occurs after the target number of repetitions has been 
completed, the level of resistance is increased to overload the 
muscle once again.

To Improve Muscle Power
Power can be developed and improved by modifying the in-
tensity and speed of training. The recommended intensity for
power training ranges for 20% to 70% of 1-RM, while the rate
of exercises should be explosive or ballistic. The mean training
combination from over 350 studies showing an overall small
increase in power was 3.8 sets of 6.4 repetitions of an exercise
performed rapidly at 81% of the 1-RM.188 Not surprisingly,
there is a linear relationship between increased training 
variables, especially resistance load, and improved power.
Three to four sessions per week is recommended to increase
power of both the upper and lower extremities.188 Chapter 23
provides additional detail on strategies to improve power.

To Improve Muscle Endurance
Training to improve muscle endurance involves performing
many repetitions of an exercise against a submaximal 
load.7,162,248 For example, as many as 3 to 5 sets of 40 to 
50 repetitions against a low amount of external resistance or
a light grade of elastic resistance might be used. When increas-
ing the number of repetitions or sets becomes inefficient, the
load can be increased slightly.

Endurance training also can be accomplished by maintain-
ing an isometric muscle contraction for incrementally longer
periods of time. Because endurance training is performed
against very low levels of resistance, it can be initiated very
early in a rehabilitation program without risk of injury to
healing tissues.

CLINICAL TIP
When injured muscles are immobilized, type I (slow twitch)
muscle fibers atrophy at a faster rate than type II (fast twitch)
fibers.198 There is also a slow to fast muscle fiber type conver-
sion with disuse. These changes give rise to a much faster rate
of atrophy of antigravity muscles compared with their antag-
onists,176 underscoring the need for early initiation of en-
durance training following injury or surgery.

Exercise Order
The sequence in which resistance exercises are performed dur-
ing an exercise session has an impact on muscle fatigue and
adaptive training effects. When several muscle groups are ex-
ercised in a single session, as is the case in most rehabilitation
or conditioning programs, large muscle groups should be 
exercised before small muscle groups and multijoint exercises
should be performed before single-joint exercises.8,95,161,162
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In addition, after an appropriate warm-up, higher intensity 
exercises should be performed before lower intensity exercises.8

Exercise Frequency
Frequency in a resistance exercise program refers to the num-
ber of exercise sessions per day or per week.6,8 Frequency also
may refer to the number of times per week specific muscle
groups are exercised or certain exercises are performed.6,162

As with other aspects of dosage, frequency is dependent on
other determinants, such as intensity and volume, as well as
the patient’s goals, general health status, previous participa-
tion in a resistance exercise program, and response to train-
ing. The greater the intensity and volume of exercise, the more
time is needed between exercise sessions to recover from the
temporary fatigue effects. A common cause of a decline in
performance from overtraining (see discussion later in the
chapter) is excessive frequency, inadequate rest intervals, and
progressive fatigue.

Some forms of exercise should be performed less fre-
quently than others because they require greater recovery
time. It has been known for some time that high-intensity 
eccentric exercise, for example, is associated with greater 
microtrauma to soft tissues and a higher incidence of delayed-
onset muscle soreness than concentric exercise.14,99,204 There-
fore, rest intervals between exercise sessions are longer and
the frequency of exercise is less for eccentric exercises than
with other forms.

Although an optimal frequency per week has not been 
determined, a few generalizations can be made. Initially in an
exercise program, short sessions of exercises sometimes can
be performed on a daily basis several times per day as long 
as the intensity of exercise and number of repetitions are low.
This frequency is often indicated for early postsurgical 
patients when the operated limb is immobilized and the 
extent of exercise is limited to nonresisted isometric (setting)
exercises meant to minimize the risk of muscle atrophy. As
the intensity and volume of exercise increases, a frequency of
two to three times per week, every other day, or up to five 
exercise sessions per week is common.6,8,95,161 A rest interval
of 48 hours when training major muscle groups can be
achieved by alternating sessions by exercising the upper 
extremities one day and the lower extremities the next day.

Frequency can be reduced for a maintenance program,
usually to two times per week. With prepubescent children
and the very elderly, frequency typically is limited to no more
than two to three sessions per week.6,8,36,37 Highly trained ath-
letes involved in body building, power lifting, and weight lift-
ing, who know their own response to exercise, often train at
a high intensity and volume up to 6 days per week.8,162,164

Exercise Duration
Exercise duration is the total number of weeks or months dur-
ing which a resistance exercise program is carried out. De-
pending on the cause of impaired muscle performance, some

patients require only a month or two of training to return to
the desired level of function or activity, whereas others need
to continue the exercise program for a lifetime to maintain
optimal function.

As noted earlier in the chapter, strength gains observed
early in a resistance training program (after 2 to 3 weeks) are
primarily the result of neural adaptation. For significant
changes to occur in muscle, such as hypertrophy or increased
vascularization, at least 6 to 12 weeks of resistance training is
required.1,6,184

Rest Interval (Recovery Period)
Purpose of rest intervals. Rest is a critical element of a 
resistance training program and is necessary to allow time for
the body to recuperate from muscle fatigue or to offset ad-
verse responses such as exercise-induced, delayed-onset mus-
cle soreness. Only with an appropriate balance of progressive
loading and adequate rest intervals can muscle performance
improve. Therefore, rest between sets of exercise and between
exercise sessions must be carefully implemented.

Integration of rest into exercise. Rest intervals for each 
exercising muscle group are dependent on the intensity and
volume of exercise. In general, with a higher exercise intensity
a longer rest interval is needed. For moderate-intensity resist-
ance training, a 2- to 3-minute rest period after each set is 
recommended. A shorter rest interval is adequate after low-
intensity exercise. Longer rest intervals (>3 minutes) are ap-
propriate with high-intensity resistance training, particularly
when exercising large, multijoint muscles.6,8 While the muscle
group that was just exercised is resting, resistance exercises can
be performed by another muscle group in the same extremity
or by the same muscle group in the opposite extremity.

Patients with pathological conditions that make them
more susceptible to fatigue, as well as children and the elderly,
should rest at least 3 minutes between sets by performing a
nonresisted exercise, such as low-intensity cycling, or per-
forming the same exercise with the opposite extremity. Re-
member, active recovery is more efficient for neutralizing the
effects of muscle fatigue than passive recovery.

Rest between exercise sessions must also be considered.
When strength training is initiated at moderate intensities
(typically in the intermediate phase of a rehabilitation pro-
gram after soft tissue injury), a 48-hour rest interval between
exercise sessions—that is, training every other day—allows
the patient adequate time for recovery.

Mode of Exercise
The mode of exercise in a resistance exercise program refers
to the form of exercise, the type of muscle contraction that
occurs, and the manner in which the exercise is carried out.
For example, a patient may perform an exercise dynamically
or statically or in a weight-bearing or nonweight-bearing
position. Mode of exercise also encompasses the form of 
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resistance—that is, how the exercise load is applied. External
resistance can be applied manually or mechanically.

As with other determinants of resistance training, the
modes of exercise selected are based on a multitude of factors
already highlighted throughout this section. A brief overview
of the various modes of exercise is presented in this section.
An in-depth explanation and analysis of each of these types
of exercise can be found in the next section of this chapter
and in Chapter 7.

Type of Muscle Contraction
Figure 6.4 depicts the types of muscle contraction that may
be performed in a resistance exercise program, with their
relationships to each other and to muscle performance
noted.175,202,236

segment (foot or hand) moves freely during exercise, the term
open-chain exercise is most often used. When a weight-bearing
position is assumed and the body moves over a fixed distal seg-
ment, the term closed-chain exercise is commonly used.175,202,236

Concepts and issues associated with the use of this terminology
are addressed later in this chapter.

Forms of Resistance
■  Manual resistance and mechanical resistance are the two

broad methods by which external resistance can be applied.
■  A constant or variable load can be imposed through me-

chanical resistance such as free weights or weight machines.
■  Accommodating resistance133 can be implemented by use

of an isokinetic dynamometer that controls the velocity by
adjusting the external resistance to meet the internal effort
during exercise.

■  Body weight or partial body weight is also a source of 
resistance if the exercise occurs in an antigravity position.
Although an exercise performed against only the resistance
of the weight of a body segment (and no additional exter-
nal resistance) is defined as an active rather than an active-
resistive exercise, a substantial amount of resistance from
the weight of the body can be imposed by altering a 
patient’s position. For example, progressive loads can be
placed on upper extremity musculature during push-ups
by starting with wall push-ups while standing, progressing
to push-ups while leaning against a countertop, push-ups
in a horizontal position (Fig. 6.5), and finally push-ups
with the feet elevated above the hands.
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FIGURE 6.4 Types of muscle contractions: their relationships to
muscle performance and their tension-generating capacities.

FIGURE 6.5 Body weight serves as the source of resistance during
a push-up.

■  Static or dynamic muscle contractions are two broad cate-
gories of exercise.

■  Static contractions can refer to isometric contractions done
internally—often called muscle setting—or against an 
unmovable external resistance. 

■  Dynamic resistance exercises can be performed using 
concentric (muscle shortening) or eccentric (muscle length-
ening) contractions, or both.

■  When the velocity of limb movement is held consistent by
a rate-controlling device, the term isokinetic contraction is
sometimes used.236 An alternative perspective is that this is
simply a dynamic (shortening or lengthening) contraction
that occurs under controlled conditions.175

Position for Exercise: Weight Bearing 
or Nonweight Bearing
The patient’s body or extremity position relative to a weight-
bearing surface also alters the mode of exercise. When a 
nonweight-bearing position is assumed and the distal 

Energy Systems
Modes of exercise can also be classified by the energy systems
used during the exercise. Anaerobic exercise involves high-
intensity effort carried out over a low number of repetitions
because muscles rapidly fatigue at near-maximal intensity.
Strengthening exercises are categorized as anaerobic. Aerobic
exercise is associated with low-intensity, high-repetition effort
over an extended period of time. This mode of exercise prima-
rily increases muscular and cardiopulmonary endurance.
(Refer to Chapter 7 for an in-depth explanation.)
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Range of Movement: Short-Arc or Full-Arc
Exercise
External resistance through the full joint range of movement
(full-arc exercise) is necessary to develop strength over the 
entire ROM. However, sometimes resistance exercises are 
executed through only a portion of the available range, which
is referred to as short-arc exercise. Short-arc exercise is used
when a painful or unstable arc of motion must be avoided or
to protect healing tissues after injury or surgery.

Mode of Exercise and Application to Function
Mode-specific training is essential if a resistance training pro-
gram is to have a positive impact on function. When tissue
healing allows, the type of muscle contractions performed or
the position in which an exercise is carried out should mimic
the desired functional activity as closely as possible.197

Velocity of Exercise
The velocity at which a muscle contracts significantly affects
the tension that the muscle produces and subsequently affects
muscular strength and power.209 Exercise velocity is fre-
quently manipulated in a resistance training program to pre-
pare the patient for the variety of functional activities that
occur across the wide spectrum of movement velocities.

Force-Velocity Relationship
The force-velocity relationship is different during concentric
and eccentric muscle contractions, as depicted in Figure 6.6.

Concentric Muscle Contraction
During a maximum effort concentric muscle contraction, as
muscle shortening velocity increases, the force the muscle can
generate decreases. EMG activity and torque also decrease 
as a muscle shortens at faster contractile velocities, possibly

because the muscle may not have sufficient time to develop
peak tension.50,175,202,236,278

Eccentric Muscle Contraction
During a maximum effort eccentric contraction, as the 
velocity of active muscle lengthening increases, force pro-
duction in the muscle initially increases to a point but then
quickly levels off.38,59,175,202,236 The initial increase in force
production may be a protective response of the muscle when
it is first overloaded. It is thought that this increase may be
important for shock absorption or rapid deceleration of 
a limb during quick changes of direction.72,236 The force 
increase may also be caused by passive tension of the non-
contractile tissue in muscle.59 In contrast, other research 
indicates that eccentric force production is essentially un -
affected by velocity and remains constant at slow and fast 
velocities.50,115

Application to Resistance Training
A range of slow to fast exercise velocities should be integrated
into an exercise program. Resistance training with free
weights is safe and effective only at slow to medium velocities
of limb movement so the patient can maintain control of the
moving weight. Because many functional activities require
higher velocities of limb movement, training at only slow 
velocities is inadequate. The development of the isokinetic
dynamometer during the late 1960s133,192 gave clinicians a tool
to implement resistance training at fast as well as slow veloc-
ities. In recent years, some variable resistance exercise units
(pneumatic and hydraulic) and elastic resistance products
have provided additional options for safely training at fast 
velocities.

Velocity-specific training is fundamental to a successful re-
habilitation program. Study results have shown that training-
induced strength gains from a resistance exercise program
primarily occur at the training velocities,24,74,142 with limited
transfer of training effects above and below the training 
velocities.137,260 Accordingly, training velocities for resistance
exercises should be chosen to match or approach the demands
of the desired functional activities.53,142

Isokinetic training, using velocity spectrum rehabilitation
regimens, and plyometric training, also known as stretch-
shortening drills, often emphasize high-speed training. These
approaches to exercise are discussed later in this chapter and
in Chapter 23, respectively.

Periodization and Variation 
of Training
Periodization, also known as periodized training, is an ap-
proach to resistance training that partitions a training program
into specific time intervals and establishes systematic variation
in exercise intensity and repetitions, sets, or frequency.94,162

This approach to training was developed for highly trained
athletes preparing for weight lifting or power lifting competi-
tion. The intention of periodization is to optimally progress
training programs, prevent overtraining and psychological
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FIGURE 6.6 Force-velocity curve for concentric and eccentric 
exercise. (From Levangie, PK, and Norkin, CC: Joint Structure and
Function—A Comprehensive Analysis, ed. 5. Philadelphia: FA Davis,
2011, p. 121, with permission.)
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staleness prior to competition, and optimize performance 
during competition.

Periodization breaks the training calendar into cycles, or
phases, that sometimes extend over an entire year. The goal is
to prepare for a “peak” performance at the time of competi-
tion. Different types of exercises at varying intensities, vol-
ume, frequency, and rest intervals are performed over each of
the cycles. Although periodization is commonly implemented
prior to a competitive event, evidence to support its efficacy
is limited.94,164,184 Periodized training concepts are introduced
here because certain applications may be appropriate in the
clinical setting for injured athletes during the advanced stage
of rehabilitation.89

Integration of Function
Balance of Stability and Active Mobility
Functional movements and tasks require a balance of active
movement superimposed on a stable background of neuro-
muscular control. Stability is also necessary to control quick
changes of direction during functional movements. Stability
is achieved through proper agonist and antagonist muscle 
activation at individual joints, while mobility requires the 
correct activation sequencing and intensity across multiple
muscle groups. For example, a person must be able to hold
the trunk erect and stabilize the spine to grasp, lift, and trans-
port a heavy object. Because of this interaction among stabil-
ity and active movement, a resistance exercise program must
address both the static and dynamic strength of the trunk and
extremities.

Balance of Strength, Power, and Endurance
Functional tasks encompass many combinations of muscle
strength, power, and endurance, requiring motor capabilities
that produce slow and controlled movements, rapid move-
ments, repeated movements, and long-term positioning.
Analysis of the tasks a patient would like to be able to do
provides the framework for a task-specific resistance exercise
program.

Task-Specific Movement Patterns 
With Resistance Exercise
To prepare the patient for the demands of their regular func-
tional activities, resistance should be incorporated into task-
specific movement patterns. Applying resistance during
exercise in anatomical planes, diagonal patterns, and combined
task-specific movement patterns is an important strategy in a
carefully progressed resistance exercise program. Use of sim-
ulated functional movements under controlled, supervised
conditions is a means to return a patient safely to independent
functional activities.197

Pushing, pulling, lifting, and holding activities can initially
be done against a low level of resistance for a low number of
repetitions. Over time, the intensity and dose of the resistance
is progressed until the patient returns to using the same

movements during functional activities in an unsupervised
work or home setting. The key to successful self-management
is to teach a patient how to judge the speed, level, and dura-
tion of muscle force in combination with the appropriate tim-
ing necessary to perform a motor task safely and efficiently.

Types of Resistance Exercise

The types of resistance exercise selected for a rehabilitation
or training program are contingent on many factors, 
including the cause and extent of primary and secondary
impairments. Deficits in muscle performance; the stage of
tissue healing; the tolerance of joints to compression and
movement; the general abilities (physical and cognitive) 
of the patient; the availability of equipment; and, of course,
the patient’s goals and the intended functional outcomes of
the program must all be considered. A therapist has a large
spectrum of exercises from which to choose for a resistance
exercise program that will meet the individual needs of each
patient. There is no one best form or type of resistance
training. Prior to selecting specific types of resistance exer-
cise for a patient’s rehabilitation program, a therapist
should consider the questions listed in Box 6.7.

Application of the SAID principle is key to making sound
exercise decisions. In addition to selecting the appropriate
types of exercise, a therapist must also make informed deci-
sions about the intensity, volume, order, frequency, rest in-
terval, and other factors discussed in the previous section of
this chapter for effective progression of resistance training.
Table 6.5 summarizes general guidelines for progression of
exercise.

The types of exercise presented in this section are static
and dynamic, concentric and eccentric, isokinetic, and open-
chain and closed-chain. In addition, manual and mechanical,
and constant and variable resistance exercise will also be dis-
cussed. The benefits, limitations, and applications of each of
these forms of resistance exercise are analyzed and discussed.
When available, supporting evidence from the scientific 
literature is summarized.

Manual and Mechanical Resistance
Exercise
From a broad perspective, a load can be applied to a con-
tracting muscle in two ways: manually or mechanically. The
benefits and limitations of these two forms of resistance
training are summarized in a later section of this chapter (see
Boxes 6.15 and 6.16).

Manual Resistance Exercise
Manual resistance exercise is a type of active-resistive exercise
in which external resistance is provided by a therapist or other
health professional. A patient can also be taught to apply 
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self-generated manual resistance to certain muscle groups. 
Although the amount of resistance cannot be measured quan-
titatively, this technique is useful in the early stages of an 
exercise program when the muscle to be strengthened is weak
and can overcome only minimal to moderate resistance. It is
also useful when the range of joint movements needs to be
carefully controlled. The amount of external resistance pro-
vided is limited only by the strength of the therapist.
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TABLE 6.5 Progression of a Resistance Training Program: Factors to Consider

Factors Progression

Intensity (exercise load)

Body position (nonweight bearing 
or weight bearing)

Repetitions and sets

Frequency

Type of muscle contraction

Range of motion

Plane of movement

Velocity of movement

Neuromuscular control

Functional movement patterns

Submaximal → maximal (or near-maximal)
Low load → high load

Variable: depending on pathology and impairments, weight-bearing restrictions (pain,
swelling, instability) and goals of the rehabilitation program

Low volume → high volume

Variable: depends on intensity and volume of exercise

Static → dynamic
Concentric and eccentric: variable progression

Short arc → full arc
Stable portion of range → unstable portion of range

Uniplanar → multiplanar

Slow → fast velocities

Proximal → distal control

Simple → complex
Single joint → multijoint
Proximal control → distal control

BOX 6.7 Selecting Types of Resistance Exercise: Questions to Consider

■ Based on the results of your examination and evaluation, what
are the type and extent of muscle performance deficits you
will need to address?

■ Based on the underlying pathology causing the deficits in
muscle performance or on the stage of tissue healing, what
types of resistance exercise would be most appropriate?

■ What are the goals and anticipated functional outcomes of the
resistance training program?

■ Will dynamic strength or static strength be more effective to
achieve the desired outcomes?

■ Which types of resistance exercise are most compatible with
the desired goals?

■ Are there restrictions or limitations to the patients’ positioning
during resistance exercise?
■ Is weight bearing contraindicated, restricted, or fully

permissible?

■ Is there hypomobility of affected or adjacent joints (due to
pain or contracture) that may affect how the patient is
positioned?

■ Is there a portion of the ROM in which the patient cannot
safely or comfortably perform resistance exercises due to
hypermobility?

■ Are there cardiovascular or respiratory impairments that
may affect positioning?

■ Will the patient be expected to perform the exercises
independently using mechanical resistance, or will manual
resistance applied by the therapist be most appropriate?

■ What types of equipment will be available or needed for
exercises?

■ What types of exercises will replicate or approximate the
functional activities required by the patient?

NOTE: Techniques for application of manual resistance exer-
cises in anatomical planes and diagonal patterns are presented
in later sections of this chapter.

Mechanical Resistance Exercise
Mechanical resistance exercise is a form of active-resistive 
exercise in which external resistance is applied through the
use of equipment or mechanical apparatus. The amount of
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resistance can often be measured quantitatively and incre-
mentally progressed over time. Mechanical resistance is useful
when the amount of external resistance necessary is greater
than what the therapist can apply manually.

NOTE: Systems and regimens of resistance training that 
involve the use of mechanical resistance, such as PRE, circuit
weight training, and velocity spectrum rehabilitation, and the
advantages and disadvantages of various types of resistance
equipment are addressed later in this chapter.

Isometric Exercise (Static Exercise)
Isometric exercise is a static form of exercise in which a muscle
contracts and produces force without an appreciable change
in the length of the muscle and without visible joint mo-
tion.175,202 Although there is no mechanical work accom-
plished (force × distance), a measurable amount of tension
and force output are produced by the muscle. Sources of 
external resistance for isometric exercise include a manually
applied force, a weight held in a static joint position, body
weight, or an immovable object.

Repetitive isometric contractions, for example a set of 
20 per day, held for 6 seconds each against near-maximal 
resistance, has been shown to be an effective method to 
improve isometric strength. A cross-exercise effect (a limited
increase in strength of the contralateral, unexercised muscle
group), as the result of transfer of training, also has been ob-
served with maximum isometric training.63

Rationale for Use of Isometric Exercise
The need for static strength and endurance is apparent in 
almost all aspects of body control during functional activities.
Recall that most functional activities require a combination
of static control at one body region and dynamic activity at
another. Loss of static muscle strength occurs rapidly with im-
mobilization and disuse, with estimates from 8% per week180

to as much as 5% per day.200

Functional demands often involve the need to hold a 
position against either a high level of resistance for a short
period of time or a low level of resistance over a prolonged
period of time. Of these two aspects of static muscle per-
formance, it is suggested that muscular endurance plays a
more important role than muscle strength in maintaining
sufficient postural stability and preventing injury during
daily living tasks.184 For example, the postural muscles 
of the trunk and lower extremities contract isometrically 
to maintain the body’s upright position against gravity 
and provide stability for balance and functional movements.
Dynamic stability of joints during functional activities 
is achieved by activating and maintaining a low level of 
co-contraction—that is, concurrent isometric contractions
of antagonist muscles that surround joints.186 The impor-
tance of isometric strength and endurance in the elbow,
wrist, and finger musculature, for example, is apparent when
a person holds and carries a heavy object for an extended
period of time.

With these examples in mind, there can be no doubt that
isometric exercises are an important part of a rehabilitation
program designed to improve functional abilities. The ration-
ale and indications for isometric exercise in rehabilitation are
summarized in Box 6.8.

Types of Isometric Exercise
Several forms of isometric exercise can be used to serve dif-
ferent therapeutic purposes during successive phases of reha-
bilitation. All but one type—muscle setting—incorporate
some form of significant resistance and therefore are used to
improve static strength or develop sustained muscular con-
trol. Because no appreciable resistance is applied during mus-
cle setting, this type of isometric contraction is technically
not a form of resistance exercise. However, it is included in
this discussion to show a continuum of isometric exercise that
can be used for multifaceted goals in a rehabilitation program.

Muscle-setting exercises. Setting exercises involve low-
intensity isometric contractions performed against little to no
resistance. They are used to decrease muscle pain and spasm
and to promote relaxation and circulation during the acute
stage of healing after soft tissue injury. A common example
of muscle setting is the activation of the quadriceps muscles
after a knee injury or surgery.

Because muscle setting is performed against no apprecia-
ble resistance, it does not improve muscle strength except in
very weak muscles. However, setting exercises can slow muscle
atrophy and maintain mobility between muscle fibers when
a joint is immobilized to protect healing tissues during the
very early phase of rehabilitation.

Stabilization exercises. This form of isometric exercise 
is used to develop a submaximal but sustained level of 
co-contraction to improve postural stability or dynamic joint
stability. Stabilization exercises typically consist of isometric
contractions against resistance in antigravity or weight-
bearing positions if weight bearing is permissible.186 External 
resistance is usually provided by body weight or applied
manually.

188 Types of Resistance Exercise

BOX 6.8 Isometric Exercise: Summary 
of Rationale and Indications

■ To minimize muscle atrophy when joint movement is
restricted by external immobilization (casts, orthotics, or
skeletal traction)

■ To begin re-establishing neuromuscular control of healing
tissues when joint movement is not advisable after soft
tissue injury or surgery 

■ To develop postural or joint stability
■ To improve muscle strength when use of dynamic

resistance exercise could compromise joint integrity or
cause joint pain

■ To develop static muscle strength at particular points in the
ROM consistent with specific task-related needs
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Several terms are used to describe specific types of stabi-
lization exercises. They include rhythmic stabilization and 
alternating isometrics, two techniques associated with propri-
oceptive neuromuscular facilitation (PNF) described later 
in the chapter.212,272 Stabilization exercises that focus on
trunk/postural control are often referred to as dynamic, core,
and segmental stabilization exercises. Applications of these 
exercises are addressed in Chapter 16. Equipment, such as the
BodyBlade® (see Fig. 6.50) and stability balls, are designed for
dynamic stabilization exercises.

Multiple-angle isometrics. This term refers to a system of
isometric exercise in which resistance is applied at multiple
joint positions within the available ROM.53 This approach is
used when the goal of exercise is to improve strength through-
out the ROM when joint motion is permissible but dynamic
resistance exercise is painful or inadvisable.

Characteristics and Effects of Isometric
Training
Effective use of isometric exercise in a resistance training 
program depends on an understanding of its characteristics,
potential benefits, and limitations.

Intensity of muscle contraction. The amount of tension
that can be generated during an isometric muscle contrac-
tion depends in part on joint position and the subsequent
length of the muscle at the time of contraction.270 The great-
est amount of isometric force will be generated at the joint
angle at which there is maximum actin and myosin protein
overlap and the best potential for cross-bridge formation.
Isometric force potential decreases as the joint angle moves
progressively further away from this optimal angle. An exer-
cise intensity of at least 60% of a muscle’s maximum volun-
tary contraction is sufficient to improve strength.156,270 The
amount of external resistance against which the muscle is
able to hold varies by joint angle and needs to be adjusted 
at different points in the range. As strength increases from
isometric exercise, the external resistance must be progres-
sively increased to continue to overload the muscle.

CLINICAL TIP
When performing isometric exercises, to avoid potential in-
jury to the contracting muscle, apply and release the resistance
gradually. This helps to grade the muscle tension and ensures
that the muscle contraction is pain-free. This technique also
minimizes the risk of uncontrolled joint movement at the
onset or completion of the exercise.

Duration of muscle activation. To achieve adaptive
changes in static muscle performance, an isometric contrac-
tion should be held for 6 seconds and no more than 10 sec-
onds because muscle fatigue develops rapidly. This duration
allows sufficient time for peak tension to develop and for
metabolic changes to occur in the muscle.128,184 A 10-second

contraction allows a 2-second rise time, a 6-second hold time,
and a 2-second fall time.53

Repetitive contractions. Sets of repetitive contractions, held
for 6 to 10 seconds each, decreases muscle cramping and 
increases the effectiveness of the isometric regimen.

Joint angle and mode specificity. Gains in muscle strength
occur only at or closely adjacent to the joint angle at which
resistance is applied—known as the training angle.155,156,270

Physiological overflow is minimal, occurring no more than 10°
in either direction from the training angle.156 Therefore, when
performing multiple-angle isometrics, resistance at four to 
six different angles in the joint ROM is recommended. Addi-
tionally, isometric resistance training is mode specific, causing
increases in static strength with little to no impact on dynamic
strength.

Sources of resistance. It is possible to perform a variety of
isometric exercises with or without equipment. For example,
multiple-angle isometrics can be carried out against manual
resistance or by simply having the patient push against an 
immovable object, such as a doorframe or a wall.

Equipment designed for dynamic exercise can be adapted for
isometric exercise. A weight-pulley system that provides resist-
ance greater than the force-generating capacity of a muscle leads
to a resisted isometric exercise. Most isokinetic devices can be
set up with the velocity set at 0° per second at multiple joint 
angles for isometric resistance at multiple points in the ROM.

PRECAUTION: Patients will often hold their breath during 
isometric exercise, particularly when performed against sub-
stantial external resistance. This is likely to cause a pressor 
response as the result of the Valsalva maneuver, causing a rapid
increase in blood pressure.87 Rhythmic breathing, emphasizing
exhalation during the contraction, should always be per-
formed by the patient during isometric exercise to minimize
this response.

CONTRAINDICATION: High-intensity isometric exercises are
contraindicated for patients with a history of cardiac or vascular
disorders.

Dynamic Exercise: Concentric 
and Eccentric
A muscle causes joint movement and excursion of a body 
segment through two unique contraction types—concentric
or eccentric. As represented in Figure 6.7, the term concentric
exercise refers to a form of dynamic muscle activation in
which tension develops and physical shortening of the muscle
occurs as an external resistance is overcome by internal force,
as when lifting a weight. In contrast, eccentric exercise involves
dynamic muscle activation and tension production that is
below the level of external resistance so that physical length-
ening of the muscle occurs as it controls the load, as when
lowering a weight.

During concentric and eccentric exercise, resistance can be
applied in several ways: (1) constant resistance, such as body
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weight, a free weight, or a simple weight-pulley system; (2) a
weight machine or elastic bands that provide variable resist-
ance; or (3) an isokinetic device that maintains the velocity
of limb movement.

NOTE: Although the term isotonic (meaning equal tension) has
been used frequently to describe a resisted, dynamic muscle 
contraction, application of this terminology is incorrect. In fact,
when a body segment moves through its available range, the
tension that the muscle is capable of generating varies through
the range as the muscle shortens or lengthens. This is due to
the changing length-tension relationship of the muscle and the
changing torque of the external load.175,202,236 Therefore, in this
textbook “isotonic” is not used to describe dynamic resistance
exercise.

Rationale for Use of Concentric and Eccentric
Exercise
Both concentric and eccentric exercises have distinct value in
rehabilitation and conditioning programs. Concentric muscle
contractions accelerate body segments, whereas eccentric con-
tractions decelerate body segments. Eccentric contractions
also act as a source of energy absorption during high-impact
activities.59,169

A combination of concentric and eccentric muscle ac-
tion is used in many daily activities, such as walking up and
down inclines, ascending and descending stairs, rising from
a chair and sitting back down, or picking up or setting
down an object. It is therefore advisable to incorporate a
variety of concentric and eccentric resistance exercises in a
rehabilitation progression for patients with impaired mus-
cle performance.

Special Considerations for Eccentric Training
Eccentric training is considered an essential component of re-
habilitation programs. Eccentric exercises are appropriate fol-
lowing musculoskeletal injury or surgery and in conditioning
programs to reduce the risk of injury or re-injury associated

with activities that involve high-intensity deceleration, quick
changes of direction, or repetitive eccentric muscle contrac-
tions.10,169,205,242 Eccentric training also is thought to improve
sport-related physical performance.8,169

Traditionally, training that emphasizes high-intensity 
eccentric loading, such as eccentric isokinetic training or
plyometric training (see Chapter 23), has been initiated during
the advanced phase of rehabilitation to prepare a patient for
high-demand sports or work-related activities.169 Recently,
however, progressive eccentric training early in the rehabili-
tation process has been advocated to more effectively reduce
the deficits in strength and physical performance that often
persist following a musculoskeletal injury or surgery. How-
ever, the safety of early implementation of eccentric resistance
exercise is still being evaluated in controlled studies.

 FOCUS ON EVIDENCE
Gerber and colleagues105 conducted a randomized, prospec-
tive clinical trial to evaluate a gradually progressed, eccentric
exercise program initiated during the early phase of rehabil-
itation (approximately 2 to 3 weeks postoperatively) follow-
ing arthroscopically assisted anterior cruciate ligament
(ACL) reconstruction. All study participants began a 15-week
traditional, but “accelerated” (early weight-bearing and
ROM) exercise program immediately after surgery. After 
the first 2 to 3 postoperative weeks, half of the participants
(experimental group) performed 12 weeks of gradually pro-
gressed, lower extremity training on a motorized eccentric
ergometer. A control group followed the same 12 week grad-
uated program on a standard exercise cycle that provided
only concentric resistance. 

Knee effusion and stability and knee and thigh pain were
measured preoperatively and at 15 and 26 weeks postopera-
tively. Quadriceps strength and single-leg long jump distance
were measured prior to surgery and at 26 weeks postopera-
tively. Results of the study indicated that there were no signif-
icant differences in knee or thigh pain and knee effusion and
stability between groups at any point during the investigation.
Importantly, quadriceps strength and physical performance
improved significantly in the eccentric training group but not
in the control group. This study demonstrated that the addi-
tion of progressively graduated eccentric resistance training
during early rehabilitation following ACL reconstruction was
safe and effective in reducing strength deficits and improving
physical performance.

A 1-year follow-up study by Gerber and colleagues106 in-
volving 80% of the original study participants demonstrated
that quadriceps strength and physical performance continued
to be superior in the eccentric training group.

Characteristics and Effects of Concentric 
and Eccentric Exercise
A summary of the characteristics and effects of eccentric 
versus concentric resistance exercise is noted in Box 6.9.
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FIGURE 6.7 (A) Concentric and (B) eccentric strengthening of the
elbow flexors occurs as a weight is lifted and lowered.

BA
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Exercise load and strength gains. A maximum concentric
contraction produces less force than a maximum eccentric
contraction under the same conditions (see Fig. 6.6). In other
words, greater loads can be lowered than lifted. This difference
in the magnitude of loads that can be controlled by concentric
versus eccentric muscle contractions may be associated with
the contributions of the contractile and noncontractile com-
ponents of muscle. When a load is lowered during an eccen-
tric exercise, the force exerted by the load is controlled not
only by the active, contractile components of muscle, but also
by the noncontractile connective tissue in and around the
muscle. In contrast, when a weight is lifted during concentric
exercise, only the contractile components of the muscle con-
tribute to lifting the load.59

With a concentric contraction, greater numbers of motor
units must be recruited to control the same load compared with
an eccentric contraction, suggesting that concentric exercise
has less mechanical efficiency than eccentric exercise.59,72 Con-
sequently, it requires more effort by a patient to control the
same load during concentric exercise than during eccentric ex-
ercise. As a result, when a weight is lifted and lowered, maxi-
mum resistance during the concentric phase of an exercise does
not provide a maximum load during the eccentric phase.

If a resistance exercise program involves maximum effort
during eccentric and concentric exercise and if the exercise
load is increased gradually, eccentric training increases eccen-
tric strength over the duration of a program to a greater de-
gree than concentric training increases concentric strength.
This may occur because greater loads can be used for eccen-
tric than concentric training.223

CLINICAL TIP
Given that eccentric exercise requires recruitment of fewer
motor units to control a load than does concentric exercise,
when a muscle is very weak—less than a fair (3/5) muscle

grade—active eccentric muscle contractions against no exter-
nal resistance (other than gravity) can be used to generate 
active muscle contractions and develop a beginning level of
strength and neuromuscular control. In other words, in the
presence of substantial muscle weakness, it may be easier to
lower the limb against gravity than to raise the limb.

PRECAUTION: There is greater stress on the cardiovascular
system (i.e., increased heart rate and arterial blood pressure)
during eccentric exercise than during concentric exercise,59

possibly because greater loads can be used for eccentric train-
ing. This underscores the need for rhythmic breathing during
high-intensity exercise. (Refer to the Contraindications to 
Resistance Exercise section of this chapter for additional infor-
mation on cardiovascular precautions.)

Velocity of exercise. The velocity at which dynamic exercises
are performed directly affects the force-generating capacity
of the neuromuscular unit.50,72 Consider that a certain
amount of external resistance will result in a contraction of
zero velocity (isometric) for a muscle group. If that amount
of external resistance is decreased slightly, a concentric con-
traction will now be able to raise the load, but only with a
slow-velocity, high-tension contraction. As the external resist-
ance decreases further, a concentric contraction requires still
lower levels of tension to overcome the load and can do so
with greater shortening velocity. In contrast, if the amount of
external resistance that generates the isometric contraction is
increased slightly, an eccentric contraction can lower the ex-
ternal load with high tension at a slow velocity. Progressive
increases in the external load will demand increasingly greater
eccentric tension at increased velocity until force generating
capacity plateaus (see Fig. 6.6).

CLINICAL TIP
A common misconception regarding high-intensity resistance
training is that if a weight is lifted quickly (concentric con-
traction) and lowered slowly (eccentric contraction), the slow
eccentric contraction will increase strength because it gener-
ates greater tension. In fact, if the load is constant, less tension
is generated during the eccentric than the concentric phase.
The only way to develop greater tension is to increase the
weight of the applied load during the eccentric phase of each
exercise cycle. This usually requires assistance from an exercise
partner to help lift the load during each concentric contrac-
tion. This is a highly intense form of exercise and should 
be undertaken only by healthy individuals training for high-
demand sports or weight lifting competition. This technique
is not appropriate for individuals recovering from muscu-
loskeletal injuries.

Energy expenditure. Compared across similar exercise loads,
eccentric exercise is more efficient at a metabolic level than
concentric exercise223—that is, eccentric muscle contractions
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BOX 6.9 Eccentric Versus Concentric
Exercise: Summary of Characteristics

■ Greater external loads can be controlled with eccentric
exercise.

■ Training-induced gains in muscle strength and mass are
greater with maximum-effort eccentric training than with
maximum-effort concentric training.

■ Adaptations associated with eccentric training are more
mode and velocity specific than are adaptations from
concentric training.

■ Eccentric muscle contractions are more efficient
metabolically and generate less fatigue than concentric
contractions.

■ Following unaccustomed, high-intensity eccentric exercise,
there is greater incidence and severity of delayed-onset
muscle soreness than there is after concentric exercise.
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consume less oxygen and energy stores than concentric con-
tractions.40 Therefore, the use of eccentric activities such as
downhill running may improve muscular endurance more 
efficiently than similar concentric activities because muscle 
fatigue occurs less quickly with eccentric exercise.59,223

Specificity of training. It is not yet known if the training 
effects of exercises using concentric or eccentric contractions
are mode specific. Although there is substantial evidence to
support specificity of training,25,74,197,230,261 there is also some
evidence to suggest that training using one mode leads to
strength gains in the other mode.78 For the most part, how-
ever, eccentric training is more mode specific than concentric
training.223 Eccentric exercise also appears to be more velocity
specific than concentric exercise.223 Therefore, because trans-
fer of training in general is quite limited, selection of exercises
that simulate the functional movements needed by the patient
is always a prudent choice.

Cross-training effect. Both concentric268 and eccentric269

training have a cross-training effect—that is, a slight increase
in strength occurs over time in the same muscle group of the
contralateral, unexercised extremity. This effect also occurs
with high-intensity exercise using a combination of concen-
tric and eccentric contractions (lifting and lowering a weight).

The cross-training effect may be caused by repeated 
contractions of the unexercised extremity in an attempt to
stabilize the body during high-effort exercise. Although
cross-training is an interesting phenomenon, there is no 
evidence to suggest that it has a positive impact on a 
patient’s functional capabilities.

Exercise-induced muscle soreness. Repeated and rapidly
progressed, high-intensity eccentric muscle contractions are
associated with a significantly higher incidence and severity
of delayed-onset muscle soreness (DOMS) than occurs 
with high-intensity concentric exercise.14,42,99,204 Why DOMS
occurs more readily with eccentric exercise is speculative, but
it may be the result of greater damage to muscle and connec-
tive tissue when heavy loads are controlled and lowered.14,42

It also has been suggested that the higher incidence of DOMS
may adversely affect the training-induced gains in muscle
strength.59,74,99

It should be noted that there is at least limited evidence 
to suggest that if the intensity and volume of concentric and
eccentric exercise are equal, there is no significant difference
in the degree of DOMS after exercise.92 Further, if the inten-
sity and volume of eccentric exercise is progressed gradually,
DOMS does not occur.105

Dynamic Exercise: Constant 
and Variable Resistance
The most common system of dynamic resistance training is
progressive resistance exercise (PRE). A later section of this
chapter, which covers systems of training using mechanical
resistance, addresses PRE.

Dynamic Exercise: Constant External
Resistance
Dynamic exercise against constant external resistance (DCER)
is a form of resistance training in which a limb moves through
a ROM against a constant external load,162 provided by free
weights such as a handheld or cuff weight, weight machines,
or weight-pulley systems.

This terminology—DCER exercise—is used in place of 
the term “isotonic (equal tension)” exercise because although
the external load does not change, the torque imposed by the
weight and the tension generated by the muscle both change
throughout the range of movement.175,236 If the imposed load
is less than the torque generated by the muscle, the muscle
contracts concentrically and accelerates the load; if the load
exceeds the muscle’s torque production, the muscle contracts
eccentrically to decelerate the load (see Fig. 6.7).

DCER exercise has an inherent limitation. When lifting
or lowering a constant load, the contracting muscle is chal-
lenged maximally at only the one point in the ROM in which
the maximum torque of the resistance matches the maxi-
mum torque output of the muscle. A therapist needs to be
aware of the changing external torque of the exercise and 
the changing length-tension relationship of the muscle and
modify body position and external resistance accordingly to
match where in the range the maximum load needs to be ap-
plied (see Figs. 6.46 and 6.47). Despite this limitation, DCER
exercise has been and continues to be a mainstay of rehabil-
itation and fitness programs for effective muscle loading 
and subsequent training-induced improvements in muscle
performance.

Variable Resistance Exercise
Variable resistance exercise, a form of dynamic exercise, 
addresses the primary limitation of dynamic exercise against
a constant external load. Specially designed resistance equip-
ment imposes varying levels of resistance to the contracting
muscles to load the muscles more effectively at multiple
points in the ROM. The resistance is altered throughout the
range by means of a weight-cable system that moves over an
asymmetrically shaped cam, by a lever arm system (Fig. 6.8),
or by hydraulic or pneumatic mechanisms.237 How effectively
this equipment varies the resistance to match muscle torque
curves is questionable.

Dynamic exercise with elastic resistance products (bands
and tubing) can also be thought of as variable resistance 
exercise because of the inherent properties of the elastic 
material and its response to stretch.139,145,232 In addition to
the progressive resistance increases inherent to elastic bands
or tubing, the change in the orientation that the force is 
applied to the body will also contribute to the variable resist-
ance profile of these products. (Refer to the final section of
this chapter for additional information on exercise with elastic
resistance devices.)

NOTE: When dynamic exercise is performed against manual
resistance, a skilled therapist can vary the load applied to 
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the contracting muscle throughout the ROM. The therapist 
adjusts the resistance based on the patient’s effort and 
response so the muscle is appropriately loaded throughout
the ROM.

Special Considerations for DCER and Variable
Resistance Exercise
Excursion of limb movement. During either DCER 
or variable resistance exercise, the excursion of limb move-
ment is controlled exclusively by the patient (with the 
exception of exercising on resistance equipment that has a
range-limiting device). When free weights, weight-pulley
systems, and elastic devices are used, additional muscles
may be recruited to control the arc and direction of limb
movement.

Velocity of exercise. Although most daily living, occupa-
tional, and sport activities occur at medium to fast velocities
of limb movement, dynamic exercises are most often per-
formed at a relatively slow velocity to avoid momentum and
uncontrolled movements, which could jeopardize the safety
of the patient. (As a point of reference, dynamic exercise with
a free weight typically is performed at about 60° per second.53)
Consequently, the training-induced improvements in muscle
strength that occur only at slow velocities may not prepare
the patient for activities that require rapid bursts of strength
or quick changes of direction.

CLINICAL TIP
Hydraulic and pneumatic variable resistance equipment 
and elastic resistance products allow safe, moderate- to high-
velocity resistance training.

Isokinetic Exercise
Isokinetic exercise is a form of dynamic exercise in which the
velocity of the joint angular velocity is predetermined and
held constant by a rate-limiting device known as an isokinetic
dynamometer (Fig. 6.9).53,76,133,192 The term isokinetic refers
to movement that occurs at a constant velocity. Unlike DCER
exercise in which a specific amount of resistance is selected
and superimposed on the contracting muscle, in isokinetic
exercise the velocity of limb movement—not the load—is
maintained during the effort. The external resistance force
encountered by the muscle will vary according to the amount
of force applied to the equipment.4,133

Because the external resistance adjusts to the effort applied
to the equipment, isokinetic exercise is also called accommo-
dating resistance exercise.133 If an individual gives maximum
effort during exercise, the torque they produce will vary across
the range of joint motion due to changes in muscle length
and internal moment arms. An isokinetic dynamometer
quantifies this variable torque and accommodates or adjusts
the external resistance so that velocity is held constant. When
the movement being performed is in the vertical plane, the
dynamometer will adjust to the combination of gravity and
muscle force. Although early advocates of isokinetic training
suggested it was superior to resistance training with free
weights or weight-pulley systems, this claim has not been well
supported by evidence. Today, isokinetic training is regarded
as one of many tools that can be integrated into the later
stages of rehabilitation.5
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FIGURE 6.8 Cybex/Eagle Fitness Systems shoulder press provides
variable resistance throughout the range of motion. (Courtesy of
Cybex, Division of Lumex, Ronkonkoma, NY.)

FIGURE 6.9 Biodex isokinetic dynamometer is used for testing and
training. (Courtesy of Biodex Medical Systems, Inc., Shirley, NY.)
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Characteristics of Isokinetic Training
A brief overview of the key characteristics of isokinetic exer-
cise is provided in this section. For more detailed information
on isokinetic testing and training, a number of resources are
available.4,53,75,76,116

Constant velocity. Fundamental to the concept of isokinetic
exercise is that joint angular velocity is preset and controlled
by the unit and remains relatively constant throughout the
ROM. Due to limb inertia, there is usually a short period 
at the start and end ranges of exercise motion where angular
velocity is not constant. 

Range and selection of training velocities. Isokinetic 
dynamometry affords a wide range of exercise velocities. Cur-
rent dynamometers can adjust the velocity of limb movement
from 0° per second (isometric mode) up to 500° per second.
As shown in Table 6.6, training velocities are classified as slow,
medium, and fast. This range provides a mechanism by which
a patient can prepare for the demands of functional activities
that occur across a range of movement velocities.

Training velocities should be matched as specifically as
possible to the demands of the anticipated functional tasks.
The faster training velocities are similar to the velocities of
limb movements inherent in some functional motor skills
such as walking or lifting.4,283 For example, the average angu-
lar velocity of the lower extremity during walking has been
calculated at 230° to 240° per second.5,53,283 Despite this 
example, the velocity of limb movements during many func-
tional activities far exceeds the fastest training velocities avail-
able with dynamometry.

The training velocities selected may also be based on the
mode of exercise (concentric or eccentric) to be performed.
As noted in Table 6.6, the range of training velocities recom-
mended for concentric exercise is greater than the range of
velocities for eccentric training.4,76,116

Reciprocal versus isolated muscle training. One advantage
of isokinetic dynamometry is the ability to provide resistance
to opposing muscle groups at a joint, referred to as reciprocal
training. For example, the training parameter can be set so
the patient performs concentric contraction of the quadriceps

followed by concentric contraction of the hamstrings. This
differs from DCER training where the same muscle group
performs concentric and eccentric contractions for each 
repetition of exercise. The isokinetic dynamometer can also
be set to target the same muscle group in the concentric
mode, followed by the eccentric mode, mimicking DCER
training with the benefit of constant velocity and accommo-
dating resistance.282 Both of these approaches have merit for
rehabilitation and functional training.

Specificity of training. Isokinetic training for the most part
is velocity specific 23,116,142 with only limited evidence of sig-
nificant overflow from one training velocity to another.137,260

Evidence of mode specificity (concentric versus eccentric)
with isokinetic exercise is less clear.10,76,115,197,230

Because isokinetic exercise tends to be velocity specific, 
patients typically exercise at several velocities (between 90°
and 360° per second) using a system of training known as ve-
locity spectrum rehabilitation.4,53,76 (This approach to isoki-
netic training is discussed later in the Isokinetic Regimens
section.)

Compressive forces on joints. During concentric exercise
the compressive forces across the moving joint are lower 
at faster angular velocities than they are at slower veloci-
ties.4,53,75,76 This effect is consistent with the constructs that
muscle force decreases as movement velocity increases during
concentric contractions and that lower muscle forces mini-
mize joint reaction forces. 

Accommodation to fatigue. Because the external resistance
encountered is directly proportional to the force applied to
the resistance arm of the isokinetic unit, lower muscle force
output does not necessarily result in cessation of motion.
This means that as the contracting muscle fatigues, the 
patient is still able to perform additional repetitions at the
constant velocity even though the force output of the muscle
is diminishing.

Accommodation to a painful arc. If a patient experiences
transient pain at some portion of the arc of motion during
exercise and uses less force to move through that arc, isoki-
netic training accommodates by reducing the external resist-
ance applied to the limb. If the patient stops a resisted motion
because of the sudden onset of pain, the external resistance is
eliminated as soon as the patient stops pushing against the
torque arm of the dynamometer.

Training Effects and Carryover to Function
Numerous studies have shown that isokinetic training is effec-
tive for improving one or more of the muscle performance 
parameters (strength, power, and endurance).10,24,76,137,185,197

In contrast, only a limited number of studies have investigated
the relationship between isokinetic training and improvement
in the performance of functional skills. Two such studies in-
dicated that high-velocity concentric and eccentric isokinetic
training was associated with increased velocity of a tennis
serve and throwing a ball.78,193
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TABLE 6.6 Classification of Velocity of Training 
in Concentric Isokinetic Exercises*

Classification Angular Velocity

Isometric 0°/sec

Slow 30°–60°/sec

Medium 60°–180°or 240°/sec

Fast 180 or°240°–360°/sec or greater

*Training velocities tend to be substantially slower for eccentric
training, ranging from 30° to 120°/sec with most eccentric training
initiated between 60° and 120°/sec.
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Limitations in carryover. Several factors inherent in the
design of most types of isokinetic equipment may limit 
the extent to which isokinetic training carries over to im-
provements in functional performance. Although isokinetic
training affords a spectrum of velocities for training, the 
velocity of limb movement during many daily living and
sport-related activities far exceeds the maximum velocity 
settings available on isokinetic equipment. In addition, limb
movements during most functional tasks occur at multiple
velocities, not at a constant velocity, depending on the con-
ditions of the task.

Furthermore, isokinetic exercise usually isolates a single
muscle or opposing muscle groups, involves movement of a
single joint, is uniplanar, and does not involve weight bearing.
Although isolation of a single muscle can be beneficial in 
remediating strength deficits, most functional activities 
require contraction of multiple muscle groups and movement
spanning multiple joints in several planes of motion. It is 
important to note, however, that some of these limitations
can be addressed by adapting the setup of the equipment to
allow multi-axis movements in diagonal planes, multijoint 
resisted movements, or closed-chain training.

Special Considerations for Isokinetic Training

Availability of Equipment
From a pragmatic perspective, one limitation of isokinetic 
exercise is that a patient can incorporate this form of exercise
into a rehabilitation program only by going to a facility where
the equipment is available. In addition, the patient will require
assistance to set up the equipment and may need supervision
during exercise. These availability considerations contribute
to the high costs associated with a rehabilitation program
using isokinetic dynamometry.

Appropriate Setup
The positioning recommended by the product manufacturers
may need to be altered to ensure that the exercise is safe for a
particular joint. For example, although the 90°/90° position
of the shoulder and elbow is recommended for strengthening
the shoulder rotators, it may be safer to exercise the patient
in the resting position or with the arm at the side.

Initiation and Progression of Isokinetic Training
During Rehabilitation
Isokinetic training typically is begun in the later stages of 
rehabilitation, when active motion through the full or avail-
able ROM is pain-free. Suggested guidelines for implementa-
tion and progression are summarized in Box 6.10.4,53,76,116

Open Kinetic Chain and Closed
Kinetic Chain Exercise
Background
In clinical practice and the rehabilitation literature, functional
activities and exercises are often categorized as having weight-
bearing or nonweight-bearing characteristics. The descriptors

closed kinetic chain and open kinetic chain are commonly
used and are similar in meaning to weight bearing and 
nonweight bearing, respectively. These concepts, extended 
to the analysis of human movement during the 1950s by
Steindler,244 were proposed to provide a system for classifying
two unique approaches to function and exercise. 

Steindler244 described the open kinetic chain as the com-
bination of sequentially arranged joints in which the terminal
segment is free to move. He proposed that the term applies
to completely unrestricted movement in space of a peripheral
segment of the body, as in waving the hand or swinging the
leg. Open-chain exercises typically focus on motion at a single
joint. In contrast, closed kinetic chain exercises are those in
which the terminal segment meets considerable external re-
sistance such that distal movement is restrained. This implies
that with the terminal segment fixed, external resistance
moves proximal segments and joints over the stationary distal
segment. Closed kinetic chain exercises are said to emphasize
joint compression and are considered more functional in 
nature than open kinetic chain exercises. Both Steindler and
Brunnstrom noted that the action of a muscle changes when
the terminal segment is free to move versus when it is fixed
in place. For example, in an open kinetic chain the tibialis pos-
terior muscle functions to invert and plantarflex the foot and
ankle. In contrast, during the stance phase of gait, the tibialis
posterior functions to first decelerate pronation of the subta-
lar joint and then supinate the same joint to improve foot
rigidity for terminal push-off. 

Controversy and Inconsistency in Use of
Open-Chain and Closed-Chain Terminology
Although this terminology to describe exercises is prevalent
in clinical practice and the rehabilitation literature, there is
lack of consensus about how—or even if—it should be used
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BOX 6.10 Progression of Isokinetic Training
for Rehabilitation

■ Initially, to keep resistance low, submaximal isokinetic
exercise is implemented before maximal effort isokinetic
exercise.

■ When avoiding an unstable or painful portion of the ROM is
necessary, short-arc movements are used before full-arc
motions.

■ Slow to medium training velocities (60°–180°/sec) are used
before progressing to faster velocities.

■ Maximal concentric contractions at multiple velocities are
performed before introducing eccentric isokinetic exercises
for the following reasons:
■ Concentric isokinetic exercise is easier to learn and is

fully under the control of the patient.
■ The velocity of movement of the resistance arm is not

controlled by the patient during eccentric isokinetic
exercise but is robotically controlled by the dynamometer.
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and about what constitutes an open kinetic chain versus a
closed kinetic chain exercise.25,67,68,118,239,275

One source of inconsistency is whether or not weight bear-
ing is an inherent component of closed kinetic chain activi-
ties. Steindler244 did not specify that weight bearing must
occur for a motion to be categorized as closed kinetic chain,
but many of his examples, particularly in the lower extremi-
ties, involved weight bearing. In the rehabilitation literature,
closed kinetic chain exercises both do57,93 and do not122,239

include weight bearing as a necessary element. One resource
suggests that all weight-bearing exercises involve some 
elements of closed kinetic chain activity, but not all closed 
kinetic chain exercises are performed in weight-bearing po-
sitions.239 For example, squat exercises are considered a
weight-bearing and closed kinetic chain activity, while leg
press exercises are not weight bearing yet may be considered
closed kinetic chain.

Another point of ambiguity is whether or not the terminal
segment must be absolutely fixed in place on a surface to 
be classified as a closed kinetic chain motion. Although
Steindler244 described this as one condition of a closed kinetic
chain motion, another condition allows that if the “consider-
able external resistance” is overcome, there can be movement
of the terminal segment. These two concepts can appear to
be at odds with each other, creating uncertainty regarding the
correct use of this terminology. 

Lifting a handheld weight or pushing against the force arm
of an isokinetic dynamometer are consistently cited in the lit-
erature as examples of open kinetic chain exercises.* Although
there is no axial loading in these exercises, if the terminal 
segment is overcoming considerable external resistance an 
argument could be made for calling these closed kinetic chain
exercises.*56,57,79,93,122,221,245,275,280

Given the complexity of human movement, it is not 
surprising that a single classification system using two de-
scriptors cannot adequately classify the multitude of move-
ments found in functional activities and therapeutic
exercise interventions.

Alternatives to Open Kinetic Chain 
and Closed Kinetic Chain Terminology
To address the unresolved issues associated with this termi-
nology, several authors have offered alternative or additional
terms to classify activities and exercises. One suggestion is to
use the terms, distally fixated and nondistally fixated instead
of closed kinetic chain and open kinetic chain.196 The terms
distal segment fixed and distal segment free are also commonly
used substitutes. Another suggestion is to add a third descrip-
tor dubbed partial kinetic chain275 to describe exercises in
which the distal segment (hand or foot) meets resistance but
is not absolutely stationary, such as using a leg press machine,
stepping machine, or slide board. The term closed kinetic chain
is then reserved for instances when the terminal segment does
not move.

Another classification system categorizes exercises as either
joint isolation exercises (movement of only one joint segment)

or kinetic chain exercises (simultaneous movement of multiple
segments linked by more than one joint).153,213 Boundaries of
movement of the distal segment (movable or stationary) or
loading conditions (weight bearing or nonweight bearing) are
not parameters of this terminology. However, other, more
complex classification systems do take these conditions into
account.68,174

An additional option is to describe the specific conditions
of exercises, where most open kinetic chain exercises are de-
scribed as single-joint nonweight-bearing exercises and most
closed kinetic chain exercises are identified as multiple-joint
weight-bearing exercises.126

Despite the suggested alternatives, open and closed kinetic
chain terminology continues to be widely used in clinical
practice and the literature.† Therefore, recognizing the incon-
sistencies and limitations of the terminology and that many
exercises and functional activities involve a combination of
“open” and “closed” conditions, the authors of this textbook
will continue to use open and closed kinetic chain terminol-
ogy to describe exercises. The commonly used shortened 
versions (open-chain and closed-chain) will also be used
throughout the text.†26,32,56,57,70,76,77,118,122,143,189,250,280

Characteristics of Open Kinetic Chain 
and Closed Kinetic Chain Exercises
The following operational definitions and characteristics of
open- and closed-chain exercises are presented for clarity and
as the basis for the discussion of exercises described through-
out this textbook. The parameters of the definitions are those
most frequently noted in the current literature. Common
characteristics of open- and closed-chain exercises are com-
pared in Table 6.7.

Open-Chain Exercises
Open-chain exercises involve motions in which the distal
segment (hand or foot) is free to move in space, without
necessarily causing simultaneous motions at adjacent
joints.56,77,79,93,153 Limb movement only occurs distal to the
moving joint, and muscle activation occurs in the muscles
that cross the moving joint. For example, during knee flex-
ion in an open-chain exercise (Fig. 6.10), the action of the
hamstrings is independent of recruitment of other hip or
ankle musculature. Open-chain exercises also are typically
performed in nonweight-bearing positions.57,93,189,285 Dur-
ing resistance training, the external load is applied to the
moving distal segment.56,77,79,93,122,153,189,239,275

Closed-Chain Exercises
Closed-chain exercises involve motions in which the body
or proximal segments move on a distal segment that is fixed
or stabilized on a support surface. Movement at one joint
causes simultaneous motions at distal and proximal joints
in a relatively predictable manner. For example, when per-
forming a bilateral short-arc squatting motion (mini-squat)
(Fig. 6.11) and then returning to an erect position, as the
knees flex and extend, the hips and ankles move in pre-
dictable patterns.
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Closed-chain exercises are typically performed in weight-
bearing positions.56,78,93,122,189,285 Examples in the upper 
extremities include balance activities in quadruped, press-ups
from a chair, wall push-offs, or prone push-ups; examples in
the lower extremities include lunges, squats, step-up or step-
down exercises, or heel rises.

NOTE: In this textbook, the scope of closed-chain exercises 
includes weight-bearing activities in which the distal segment
moves but remains in contact with the support surface, as
when using a bicycle, cross-country ski machine, or stair-
stepping machine. In the upper extremities, chin-ups at an over-
head bar qualify as a nonweight-bearing closed-chain activity. 

Rationale for Use of Open-Chain 
and Closed-Chain Exercises
The rationale for selecting open- or closed-chain exercises is
based on the goals of an individualized rehabilitation 
program and a critical analysis of the potential benefits and
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TABLE 6.7 Characteristics of Open-Chain and Closed-Chain Exercises

Open-Chain Exercises Closed-Chain Exercises

Distal segment moves in space

Independent joint movement; no predictable joint
motion in adjacent joints

Movement of body segments distal to the moving
joint only

Muscle activation occurs predominantly in the prime
mover and is isolated to muscles crossing the moving
joint

Typically performed in nonweight-bearing positions

Resistance is applied to the moving distal segment

External rotary loading of joints is typical

External stabilization (manually or with equipment)
often required

Distal segment remains fixed or in contact with support surface

Interdependent joint movements; relatively predictable
movement patterns in adjacent joints

Movement of body segments may occur distal and/or proximal
to the moving joint

Muscle activation occurs in multiple muscle groups, both distal
and proximal to the moving joint

Typically but not always performed in weight-bearing positions

Resistance is applied simultaneously to multiple moving
segments

Axial loading of joints through body-weight is typical

Internal stabilization by means of muscle action, joint
compression and congruency, and postural control

R

FIGURE 6.10 Open-chain resisted knee flexion.

FIGURE 6.11 Bilateral closed-chain resisted hip and knee
flexion/extension.
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limitations inherent in either form of exercise. Because func-
tional activities involve many combinations of both open- and
closed-chain motions, it is appropriate to include task-specific
open- and closed-chain exercises into rehabilitation and con-
ditioning programs. Both types can be successfully integrated
into treatment sessions and home programs to add training
variation and appropriately challenge the patient.

 FOCUS ON EVIDENCE
There is no evidence to support the global assumption that
closed-chain exercises are “more functional” than open-chain
exercises. A review of the literature by Davies54 indicated there
is a substantial body of evidence that both open- and closed-
chain exercises are effective for reducing upper and lower 
extremity muscle performance deficits. However, of these
studies, very few randomized, controlled trials demonstrated
that the muscle performance improvements were associated
with a reduced functional limitation or improved physical
performance.

A summary of the benefits and limitations of open- and
closed-chain exercises and the rationale for their use follows.
Whenever possible, presumed benefits and limitations or
comparisons of both forms of exercise are analyzed in light
of existing scientific evidence. Some of the reported benefits
and limitations are supported by evidence, while others are
often based on opinion or anecdotal reports. 

NOTE: Most reports and investigations comparing or analyzing
open- or closed-chain exercises have focused on the knee, in
particular the ACL or patellofemoral joint. Far fewer articles
have addressed the application or impact of open- and closed-
chain exercises on the upper extremities.

Isolation of Muscle Groups
Open-chain exercises improve the performance of individual
muscles or muscle groups more effectively than closed-chain
exercises. The potential for substitute motions that compen-
sate for and mask strength deficits of individual muscles 
is likely greater with closed-chain exercise than open-chain
exercise.

 FOCUS ON EVIDENCE
In a study of the effectiveness of a closed-chain-only resistance
training program after ACL reconstruction, residual muscle
weakness of the quadriceps femoris was identified.238 The 
investigators suggested that this residual strength deficit might
have been avoided with the inclusion of open-chain quadri-
ceps training in the postoperative rehabilitation program.

Control of Movements
During open-chain resisted exercises, a greater level of motion
control is possible with a single moving joint than with mul-
tiple moving joints, as occurs during closed-chain training.

With open-chain exercises, stabilization is usually applied 
externally by a therapist’s manual contacts or with belts or
straps. In contrast, during closed-chain exercises the patient
most often uses muscular stabilization to control joints or
structures proximal and distal to the targeted joint. This im-
proved ability to isolate motion to the target joint during
open-chain training is particularly advantageous during the
early phases of rehabilitation.

Joint Approximation
Almost all muscle contractions include a compressive 
component that approximates the joint surfaces and pro-
vides stability to the joint in both open- or closed-chain 
situations.175,202,236 Additional joint approximation occurs
during weight bearing and is associated with lower levels 
of shear forces at a moving joint. This has been demon-
strated at the knee, with decreased anterior or posterior
tibiofemoral translation during weight-bearing activi-
ties.284,285 The joint approximation that occurs with the axial
loading and weight bearing during closed-chain exercises is
thought to cause an increase in joint congruency, which in
turn contributes to stability during the exercise.56,77

Co-activation and Dynamic Stabilization
Because most closed-chain exercises are performed in
weight-bearing positions, it is widely assumed that they
stimulate joint and muscle mechanoreceptors, facilitate 
co-activation of agonists and antagonists (co-contraction),
and consequently promote dynamic stability.212,251,265

During a standing squat, for example, the quadriceps and
hamstrings contract concurrently to control knee and hip
motion, respectively, making this exercise an appropriate
choice for improving knee stability. In studies of muscle 
activation during lower extremity closed-chain exercises,
these assumptions have been both supported31,48,276 and 
refuted.80

Upper extremity closed-chain exercises are also thought 
to promote co-activation of the scapular and glenohumeral
stabilizers and improve dynamic stability of the shoulder
complex.77,275 While plausible, evidence of shoulder girdle
muscle co-contraction during weight-bearing exercises, such
as a prone push-up or a press-up from a chair, is limited.170

Some open-chain exercises are also thought to encourage
muscle co-contraction. Exercises such as alternating isomet-
rics associated with PNF,212.251,265 stretch-shortening drills
performed in nonweight-bearing positions,277 use of a Body-
Blade® (see Fig. 6.50), and high-velocity isokinetic training
may all stimulate co-activation of muscle groups and promote
dynamic stability. Evidence of a co-contraction effect using
these open-chain approaches is currently limited.

In studies of high-velocity, concentric isokinetic training
of knee musculature,71,117 co-activation of agonist and antag-
onist muscle groups was noted briefly at the end the range
of knee extension. Investigators speculated that the knee flex-
ors contracted eccentrically to decelerate the limb just before
contact was made with the extension ROM stop. In contrast,
there was no evidence of co-activation of knee musculature
during maximum effort, slow-velocity (60° per second) 
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isokinetic training.167 It is possible that only high-velocity
isokinetic exercise elicits this co-contraction effect. 

PRECAUTION: High-load, open-chain exercise may have an
adverse effect on unstable, injured, or recently repaired joints,
as demonstrated in the ACL-deficient knee.80,143,276,284

Proprioception, Kinesthesia, Neuromuscular
Control, and Balance
Conscious awareness of joint position and movement is one
of the foundations of motor learning during the early phase
of training for neuromuscular control of functional move-
ments. After soft tissue or joint injury, proprioception and
kinesthesia may be disrupted and alter neuromuscular con-
trol. Re-establishing the use of sensory information from the
injured region to effectively initiate and control movement is
a high priority in rehabilitation.173 Studies have shown that
proprioception and kinesthesia improve after rehabilitation
of the ACL-reconstructed knee.17,171

It is thought that closed-chain training elicits greater 
proprioceptive and kinesthetic feedback than open-chain
training. Theoretically, because multiple muscle groups are
activated across several moving joints, closed-chain exercises
trigger sensory receptors in a greater number of muscles and
intra-articular and extra-articular structures. The weight-
bearing element of closed-chain exercises, which increases
joint approximation, is believed to stimulate the mechanore-
ceptors and enhance sensory input for the control of 
movement.122,171-174,221,251,276

 FOCUS ON EVIDENCE
Despite the assumption that proprioception and kinesthesia
are enhanced to a greater extent under closed-chain than open-
chain conditions, the evidence is mixed. One study172 demon-
strated that kinesthesia in patients with unstable shoulders
improved to a greater extent with a program of closed-chain
and open-chain exercises compared with a program of open-
chain exercises only. In contrast, subjects evaluated for their
ability to detect knee position showed no significant differences
during closed- versus open-chain conditions.255

Lastly, closed-chain training is the obvious choice to im-
prove upright balance and postural control. Balance training
is an essential element of rehabilitation for patients after mus-
culoskeletal injuries or surgery to restore functional abilities
and reduce the risk of re-injury.149 Activities and parameters
to challenge the body’s balance mechanisms are discussed in
Chapter 8.

Carryover to Function and Injury Prevention
There is ample evidence to demonstrate that both open- and
closed-chain exercises effectively improve muscle strength,
power, and endurance.54,56,57 Evidence also suggests that if
there is a comparable level of external loading applied to a
muscle group, EMG activity is similar regardless of whether
open-chain or closed-chain exercises are performed.25,68

That being said, and consistent with the principles of
motor learning and task-specific training, if exercises are to
have a beneficial effect on functional outcomes, they should
be selected based on their ability to simulate the patients’
functional requirements and goals.56,118,239,275

 FOCUS ON EVIDENCE
In a study of 24 healthy subjects, closed-chain barbell squats
and open-chain isokinetic knee extension were compared for
their effects on a vertical jump test. Subjects were random-
ized into two groups and trained twice each week for 6 weeks,
progressively increasing the amount of external resistance
used for exercise. The close chain group improved 10% in
their vertical jump performance, while the open-chain group
did not improve relative to their baseline performance.15

Closed-chain training, specifically a program of jumping 
activities, has also been shown to decrease landing forces
through the knees and reduce the risk of knee injuries in 
female athletes.129

Implementation and Progression of 
Open-Chain and Closed-Chain Exercises
Principles and general guidelines for the implementation and
progression of open-chain and closed-chain exercises are
similar with respect to variables such as intensity, volume,
frequency, and rest intervals. These variables were discussed
earlier in the chapter. Relevant features of closed-chain 
exercises and guidelines for progression are summarized in
Table 6.8.

Introduction of Open-Chain Training
Because open-chain training typically is performed in non-
weight-bearing postures, it may be the only option when
weight bearing is contraindicated or must be significantly
restricted. Soft tissue pain and swelling or restricted motion
of any segment of the chain may also necessitate the use of
open-chain exercises at adjacent joints. For example, after a
tibia fracture the lower extremity is usually immobilized in
a long leg cast and weight bearing is restricted for at least a
few weeks. During this period, open-chain hip strengthen-
ing exercises can still be initiated and gradually progressed
until partial weight-bearing and closed-chain activities are
permissible.

Any activity that involves open-chain motions can be
easily replicated with open-chain exercises, first by devel-
oping isolated control and strength of the weak muscula-
ture and then by combining motions to simulate functional
patterns.

Closed-Chain Exercises and Weight-Bearing
Restrictions: Use of Unloading
If weight bearing must be restricted, a safe alternative to open-
chain exercises may be to perform closed-chain exercises
while partial weight bearing on the involved extremity. This
is simple to achieve in the upper extremity; but in the lower
extremity, because the patient is in an upright position during
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closed-chain exercises, axial loading in one or both lower 
extremities must be reduced.

Two methods for reducing lower extremity weight bearing
during closed-chain exercise are aquatic therapy, as described
in Chapter 9, or using parallel bars to unload the limb during
standing. The buoyancy of water assists with lower extremity
unloading, but the resistance of the water can limit movement
velocity and pools are not always accessible. A limitation of
using parallel bars is the difficulty in controlling the amount

of weight bearing during exercises. An alternative strategy, if
available, is the use of a bodyweight-supported treadmill
training system to unload the lower extremities.151 These sys-
tems enable the patient to perform a variety of closed-chain
exercises and to begin ambulation at functional speeds early
in rehabilitation.

Progression of Closed-Chain Exercises
The parameters and suggestions for progression of closed-
chain activities noted in Table 6.8 are not all inclusive and are
flexible. As a rehabilitation program progresses, more advanced
forms of closed-chain training, such as plyometric training and
agility drills (discussed in Chapter 23), can be introduced.58,79

The selection and progression of activities is always based on
the discretion of the therapist as they consider the patient’s 
response to the current exercises and their functional needs.

General Principles of
Resistance Training

The principles of resistance training presented in this section
apply to both manual and mechanical resistance exercises for
persons of all ages, but they are not hard and fast rules. There
are many instances when these principles may need to be
modified based on therapist judgment. Additional guidelines
specific to the application of manual resistance exercise, PNF,
and mechanical resistance exercise are addressed in later 
sections of this chapter.

Examination and Evaluation
As with all forms of therapeutic exercise, a comprehensive 
examination and evaluation is the cornerstone of an individ-
ualized resistance training program. Therefore, prior to initi-
ating any form of resistance exercise:

■  Perform a thorough examination of the patient, including
a health history, systems review, and selected tests and
measurements.
■ Determine qualitative and quantitative baselines of

strength, muscular endurance, ROM, and overall level
of functional performance against which progress can
be measured.

■ Administer a standardized outcome measure that is valid
and reliable for the patient’s condition.

■  Evaluate the findings to determine if the use of resistance
exercise is appropriate or inappropriate at this time. Some
questions that may help with this interpretation are noted
in Box 6.11. Be sure to identify the most functionally rele-
vant impairments, the goals the patient is seeking to
achieve, and the expected functional outcomes of the 
exercise program.

■  Establish how resistance training will be integrated into the
plan of care with other therapeutic exercise interventions,
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TABLE 6.8 Parameters and Progression 
of Closed-Chain Exercises

Parameters Progression

% Body weight

Base of support

Support surface

Balance

Excursion of 
limb movement

Plane or direction 
of movement

Speed of movement
or directional changes

Partial → full weight-bearing (LE:
aquatic exercise, parallel bars,
overhead harnessing; UE: wall
push-up → modified prone 
push-up → prone push-up)

Full weight bearing + additional
weight (weighted vest or belt,
handheld or cuff weights, elastic
resistance)

Wide → narrow
Bilateral → unilateral
Fixed on support surface → sliding
on support surface

Stable → unstable/moving 
(LE: floor → rocker board, wobble
board, sideboard, treadmill) 
(UE: floor, table or wall → rocker 
or side board, ball)

Rigid → soft (floor, table → carpet,
foam)

Height: ground level → increasing
height (low step → high step)

With external support → no
external support

Eyes open → eyes closed

Small → large ranges
Short arc → full arc (if appropriate)

Uniplanar → multiplanar
Anterior → posterior → diagonal
(forward walking → retrowalking;
forward step-up → backward 
step-up)

Sagittal → frontal or transverse
(forward-backward sliding → side
to side sliding; forward or backward
step-up → lateral step-up)

Slow → fast
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such as stretching, joint mobilization techniques, balance
training, and cardiopulmonary conditioning exercises.

■  Re-evaluate periodically to document progress and deter-
mine if and how the dosage of exercises (intensity, volume,
frequency, and rest) and the types of resistance exercise
should be adjusted to continue to challenge the patient.

Preparation for Resistance Exercises
■  Select and prescribe the forms of resistance exercise that

are appropriate and expected to be effective, such as choos-
ing manual or mechanical resistance exercises, or both.

■  If implementing mechanical resistance exercise, determine
what equipment is needed and available.

■  Review the anticipated goals and expected functional 
outcomes with the patient.

■  Explain the exercise plan and procedures. Be sure that the
patient and/or family understands and gives consent.

■  Have the patient wear nonrestrictive clothing and support-
ive shoes appropriate for exercise.

■  If possible, select a firm but comfortable support surface
for exercise.

■  Demonstrate each exercise and the desired movement 
pattern.

Implementation of Resistance
Exercises
NOTE: These general guidelines apply to the use of dynamic
exercises against manual or mechanical resistance. In addition
to these guidelines, refer to special considerations and guide-
lines unique to the application of manual and mechanical 
resistance exercises in the chapter sections that follow.

Warm-Up
Warm-up prior to resistance exercises using light, repetitive,
dynamic, site-specific movements without applying resistance.
For example, prior to lower extremity resistance exercises, have
the patient walk on a treadmill for 5 to 10 minutes followed
by flexibility exercises for the trunk and lower extremities.

Placement of Resistance
■  Resistance is most often applied to the distal end of the seg-

ment on which the muscle to be strengthened attaches. For
example, to strengthen the anterior deltoid, resistance is
applied to the distal humerus as the patient flexes the
shoulder (Fig. 6.12). Distal placement of resistance gener-
ates the greatest amount of external torque with the least
amount of manual or mechanical resistance.

■  Resistance may be applied across an intermediate joint if
that joint is stable and pain-free and if there is adequate
muscle strength supporting the joint. For example, to
strengthen the anterior deltoid using mechanical resistance,
a handheld weight is a common source of resistance.
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BOX 6.11 Is Resistance Training Appropriate?
Questions to Consider

■ Were deficits in muscle performance identified? If so, do
these deficits appear to be contributing to limitations of
functional abilities that you have observed or that the
patient or family has reported?

■ Could identified muscle performance deficits cause future
functional limitations?

■ What is the irritability and current stage of healing of
involved tissues?

■ Is there evidence of tissue swelling?
■ Is there pain? If so, is pain present at rest or with

movement, noted at a specific portion of the ROM, or
located in specific tissues?

■ Are there other deficits such as impaired mobility, balance,
sensation, coordination, or cognition that are adversely
affecting muscle performance?

■ What are the patient’s goals or desired functional
outcomes? Are they realistic in light of the identified
muscle performance deficits?

■ Given the patient’s current status, are resistance exercises
indicated? Contraindicated?

■ Will the identified muscle performance deficits be
eliminated or minimized with resistance exercises?

■ Should one type of muscle performance be emphasized
over another?

■ Will the patient require supervision or assistance over the
course of the exercise program or can the program be
carried out independently?

■ What is the expected frequency and duration of the
resistance training program? Will a maintenance program
be necessary?

■ Are there any precautions specific to the patient’s physical
status, general health, or age that may warrant special
consideration?

FIGURE 6.12 Resistance (R) is applied to the distal end of the 
segment being strengthened. Resistance is applied in the direction
opposite to that of limb movement to resist a concentric muscle 
contraction and in the same direction as limb movement to resist 
an eccentric contraction.

5850_Ch06_166-245  18/08/17  12:34 PM  Page 201



■  If pressure from the external load is uncomfortable for the
patient, the therapist can either change the location of 
resistance or enlarge the area over which the resistance is
applied. 

Direction of Resistance
During concentric exercise resistance is applied in the direc-
tion directly opposite to the desired motion, whereas during
eccentric exercise resistance is applied in the same direction
as the desired motion (see Fig. 6.12). When using manual 
resistance, the force will be most mechanically effective if 
applied perpendicular to the segment through the entire arc
of motion.

Stabilization
Stabilization is necessary to avoid unwanted, substitute 
motions.

■  For nonweight-bearing resisted exercises, external stabiliza-
tion is applied to the proximal segment on which the mus-
cle to be strengthened attaches. For example, with biceps
brachii muscle strengthening, stabilization should occur at
the anterior shoulder as elbow flexion is resisted (Fig. 6.13).
When appropriate, belts or straps can be effective sources
of external stabilization.

■  During multijoint resisted exercises in weight bearing, the
patient must use muscle activation and control to stabilize
nonmoving segments.

Intensity of Exercise/Amount of Resistance
NOTE: The intensity of the exercise must be consistent with
the intended goals of resistance training and the type of muscle
contraction as well as other aspects of dosage.

■   Initially, have the patient practice the movement pattern
against a minimal load to learn the correct exercise technique.

■  Have the patient exert a forceful but controlled and pain-
free effort. The level of resistance should be such that
movement performance is smooth and nonballistic.

■  Adjust the alignment, stabilization, or the amount of re-
sistance if the patient is unable to complete the available
ROM, muscular tremor develops, or substitute motions
occur.

Number of Repetitions, Sets, and Rest
Intervals
■  In general, for most adults, use 8 to 12 repetitions of a spe-

cific motion against a moderate exercise load. This quantity
typically induces the expected acute and chronic responses
of muscular fatigue and adaptive gains in muscular
strength.

■  Decrease the amount of resistance if the patient cannot
complete the minimum target number of 8 repetitions.

■  After a brief rest, perform additional repetitions—a second
set of 8 to 12 repetitions, if possible.

■  For progressive overloading, initially increase the number
of repetitions or sets; at a later point in the exercise pro-
gram, gradually increase the resistance.

Verbal or Written Instructions
When teaching an exercise using mechanical resistance or
when applying manual resistance, use simple instructions
that are easily understood. Do not use medical terminology
or jargon. For example, tell the patient to “Bend and
straighten your elbow” rather than “Flex and extend your
elbow.” Be sure that descriptions of resistance exercises to
be performed as part of a home program are written and
clearly illustrated.

Monitoring the Patient
Observe the patient execute the exercises and modify any 
ineffective or incorrectly performed techniques (position, 
stabilization, speed, and fatigue). Assess the patient’s re-
sponses before, during, and after exercise using combinations
of subjective and objective information. Regularly monitor
the patient’s vital signs to evaluate the physiological responses
to exercise relative to subjective and objective information.
Adhere to relevant precautions discussed in the next section
of the chapter.

Cool-Down
Cool-down after a series of resistance exercises using rhyth-
mic, unresisted movements such as arm swinging, walking,
or stationary cycling. Gentle stretching is also appropriate
after resistance exercise.
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FIGURE 6.13 Stabilization is applied at the proximal attachment of
the muscle being strengthened. In this figure, the proximal humerus
and scapula are stabilized as elbow flexion is resisted.
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Precautions for Resistance
Exercise

Regardless of the goals of a resistance exercise program 
and the types of exercises prescribed and implemented, the
exercises must not only be effective but safe. The therapist’s
interpretation of the examination’s findings will help deter-
mine effectiveness, while awareness of precautions maxi-
mizes patient safety. General precautions for resistance
training are summarized in Box 6.12. Additional informa-
tion about several of these precautions is presented in the
following section. 

Valsalva Maneuver
The Valsalva maneuver or phenomenon, defined as an expi-
ratory effort against a closed glottis, must be avoided during
resistance exercise. The Valsalva maneuver is characterized 
by the following sequence. A deep inspiration is followed by

closure of the glottis and contraction of the abdominal 
muscles. This increases intra-abdominal and intrathoracic
pressures, which in turn forces blood from the heart, causing
an abrupt, temporary increase in arterial blood pressure.144

During exercise the Valsalva phenomenon occurs most
often with high-effort isometric87 and dynamic179 muscle con-
tractions. It has been shown that the rise in blood pressure
induced by an isometric muscle contraction is proportional
to the percentage of maximum voluntary force exerted.179 A
Valsalva maneuver superimposed on a maximum effort con-
traction will increase the risk of cardiovascular injury. Al-
though the Valsalva phenomenon is thought to occur most
often with isometric87,144 and eccentric59 resistance exercise,
a recent study179 indicated that the rise in blood pressure 
appears to be based more on extent of effort—not strictly on
the type (mode) of muscle contraction.

At-Risk Patients
The risk of complications from a rapid rise in blood pressure
is particularly high in patients with a history of coronary 
artery disease, myocardial infarction, cerebrovascular disorders,
or hypertension. Also at risk are patients who have undergone
neurosurgery or eye surgery or who have intervertebral disk
pathology. The breathing of high-risk patients must be moni-
tored closely during exercise.

CLINICAL TIP
Although resistance training is often recommended for indi-
viduals at risk for or a history of cardiovascular disorders, it
is important to determine those individuals for whom resist-
ance training is safe and appropriate. In addition to knowl-
edge of screening guidelines for resistance training,6 close
communication with a patient’s physician is essential. After
clearance for exercise, low-intensity resistance training 
(30% to 40% intensity for upper body exercises and 50% to
60% intensity for lower body exercises) is recommended.6

Risk Prevention During Resistance Exercise
■  Caution the patient about breath-holding.
■  Ask the patient to breathe rhythmically, count, or talk 

during exercise.
■  Have the patient exhale when lifting and inhale when 

lowering an exercise load.8

■  Restrict high-risk patients from doing high-intensity 
resistance exercises.

Substitute Motions
When the external resistance is too great for the target muscle
to manage during exercise, substitute motions can occur. Sim-
ilarly, when muscle performance declines during exercise 
because of fatigue or pain, a patient may recruit other muscles
or use alternate movements to compensate.152 For example,
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BOX 6.12 General Precautions During
Resistance Training

■ Keep the ambient temperature of the exercise setting
comfortable for vigorous exercise.

■ Select clothing for exercise that facilitates heat dissipation
and sweat evaporation.

■ Caution the patient that pain should not occur during
exercise.

■ Do not initiate resistance training at a maximal level of
resistance, particularly with eccentric exercise to minimize
delayed-onset muscle soreness (DOMS). Use light to
moderate exercise during the recovery period.

■ Avoid use of heavy resistance during exercise for children,
older adults, and patients with osteoporosis.

■ Do not apply resistance across an unstable joint or distal to
a fracture site that is not completely healed.

■ Have the patient avoid breath-holding during resisted
exercises to prevent the Valsalva maneuver; emphasize
exhalation during exertion.

■ Avoid uncontrolled, ballistic movements as they
compromise safety and effectiveness.

■ Prevent incorrect or substitute motions by adequate
stabilization and an appropriate level of resistance.

■ Avoid exercises that place excessive, unintended
secondary stress on the back.

■ Be aware of medications a patient is using that can alter
acute and chronic responses to exercise.

■ Avoid cumulative fatigue due to excessive frequency of
exercise and the effects of overtraining or overwork.
Incorporate adequate rest intervals between exercise
sessions to allow adequate time for recovery.

■ Discontinue exercises if the patient experiences pain,
dizziness, or unusual or precipitous shortness of breath.
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if the deltoid or supraspinatus muscles are weak or abduction
of the arm is painful, a patient may elevate the scapula and
laterally flex the trunk to the opposite side to elevate the arm.
To avoid substitute motions during exercise, the appropriate
amount of resistance must be applied and correct stabilization
must be used.

Overtraining and Overwork
Exercise programs, in which heavy resistance is applied or
exhaustive training is performed repeatedly, must be pro-
gressed cautiously to avoid a problem known as overtrain-
ing or overwork. These terms refer to deterioration in
muscle performance and physical capabilities (either tem-
porary or permanent) that can occur in healthy individuals
or in patients with certain neuromuscular disorders.

In most instances, the uncomfortable sensation associated
with acute muscle fatigue induces an individual to cease 
exercising. This is not necessarily the case in highly motivated
athletes who are said to be overreaching in their training 
program101 or in patients who may not adequately sense 
fatigue because of impaired sensation associated with a 
neuromuscular disorder.211

Overtraining
The term overtraining is commonly used to describe a decline
in physical performance in healthy individuals participating
in high-intensity, high-volume strength and endurance train-
ing programs.101,166 The terms chronic fatigue, staleness, and
burnout are also used to describe this phenomenon. When
overtraining occurs, the individual progressively fatigues more
quickly and requires more time to recover from strenuous 
exercise because of physiological and psychological factors.

Overtraining is brought on by inadequate rest intervals 
between exercise sessions, too rapid progression of exercises,
and inadequate diet and fluid intake. Fortunately, in healthy
individuals, overtraining is a preventable, reversible phenom-
enon that can be resolved by periodically decreasing the 
volume and frequency of exercise.101,161,164,166

Overwork
The term overwork, sometimes called overwork weakness, refers
to progressive deterioration of strength in muscles already
weakened by nonprogressive neuromuscular disease.211 This
phenomenon was first observed more than 50 years ago in 
patients recovering from polio who were actively involved in
rehabilitation.21 In many instances the decrement in strength
that was noted was permanent or prolonged. More recently,
overwork weakness has been reported in patients with other
nonprogressive neuromuscular diseases, such as Guillain-
Barré syndrome.52 Postpolio syndrome is also thought to be
related to long-term overuse of weak muscles.90

Overwork weakness has been experimentally produced in
laboratory animals,124 providing some insight into its cause.
When strenuous exercise was initiated soon after a peripheral
nerve lesion, the return of functional motor strength was

slowed, suggesting excessive protein breakdown in the dener-
vated muscle.

Prevention is the key to dealing with overwork weakness.
Patients in resistance exercise programs who have impaired
neuromuscular function or a systemic, metabolic, or inflam-
matory disease that increases susceptibility to muscle fatigue
must be monitored closely, progressed slowly and cautiously,
and re-evaluated frequently to determine their response to 
resistance training. These patients should not exercise to 
exhaustion and should be given longer and more frequent rest
intervals during and between exercise sessions.3,52

Exercise-Induced Muscle Soreness
Almost every individual who begins a resistance training
program experiences muscle soreness. This effect is espe-
cially common in those who are unaccustomed to exercise
and if the program includes eccentric exercise. Exercise-
induced muscle soreness falls into two categories: acute and
delayed onset.

Acute Muscle Soreness
Acute muscle soreness develops during or directly after stren-
uous exercise performed to the point of muscle exhaustion.43

This response occurs from the inadequate blood flow 
and oxygenation, combined with a temporary build-up of
metabolites such as lactic acid and potassium in the exercised
muscle.7,43 The sensation is characterized as a feeling of burn-
ing or aching in the muscle. It is thought that the noxious
metabolic waste products stimulate free nerve endings and
cause pain. This soreness experienced during intense exercise
is transient and subsides quickly after stopping the exercise
when adequate blood flow and oxygen are restored to the
muscle. An appropriate cool-down period of low-intensity
exercise (active recovery) can facilitate this process.49

Delayed-Onset Muscle Soreness
With vigorous and unaccustomed resistance training or any
form of muscular overexertion, DOMS, which is noticeable in
the muscle belly or at the myotendinous junction,66,97,138

develops approximately 12 to 24 hours after the exercise 
session. As was already pointed out in the discussion of con-
centric and eccentric exercise in this chapter, high-intensity
eccentric muscle contractions consistently cause the most 
severe DOMS symptoms.14,59,72,92,97,207 Box 6.13 lists the signs
and symptoms over the time course of DOMS. Although the
time course varies, the signs and symptoms, which can last up
to 10 to 14 days, gradually dissipate.14,72,92

Etiology of DOMS. Despite years of research dating back
to the early 1900s, the underlying mechanisms (mechanical,
neural, or/or cellular) of tissue damage associated with
DOMS is still unclear.42,187 Several theories have been pro-
posed, with some subsequently refuted. Early investigators
proposed the metabolic waste accumulation theory, which
suggested that both acute and delayed-onset muscle soreness
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was caused by a build-up of lactic acid in muscle after exer-
cise. Although this is a source of muscle pain with acute 
exercise, this theory has been disproved as a cause of
DOMS.266 Multiple studies have shown that it requires only
about 1 hour of recovery after exercise to exhaustion to re-
move almost all lactic acid from skeletal muscle and blood.97

The muscle spasm theory was also proposed as the cause of
DOMS, suggesting that a feedback cycle of pain caused by 
ischemia and a build-up of metabolic waste products during
exercise led to muscle spasm.65 This build-up, it was hypoth-
esized, caused the DOMS sensation and an ongoing reflex
pain-spasm cycle that lasted for several days after exercise. The
muscle spasm theory has been discounted in subsequent 
research that showed no increase in EMG activity and, there-
fore, no evidence of spasm in muscles with delayed soreness.2

Although studies on the specific etiology of DOMS con-
tinue, current research seems to suggest that DOMS is linked
to some form of contraction-induced, mechanical disruption
or microtrauma of muscle fibers and/or connective tissue in
and around muscle that results in tissue degeneration.42,99

Evidence of tissue damage such as elevated blood serum levels
of creatine kinase is present for several days after exercise and
is accompanied by inflammation and edema.2,98,99

The temporary loss of strength and the perception of sore-
ness associated with DOMS appear to occur independently
and follow different time courses. Strength deficits develop
prior to the onset of soreness and persist after soreness has
remitted.62,204 Thus, force production deficits appear to be 
the result of muscle damage, possibly myofibrillar damage at
the Z bands,42,203 which directly affects the structural integrity
of the contractile units of muscle, rather than neuromuscular
inhibition as the result of pain.203,204

Prevention and treatment of DOMS. Prevention and
treatment of DOMS at the initiation of an exercise program
have been either ineffective or, at best, marginally successful.

It is a commonly held opinion in clinical and fitness settings
that the initial onset of DOMS can be prevented or at least
kept to a minimum by progressing the intensity and volume
of exercise gradually,46,72 by performing low-intensity warm-
up and cool-down activities,64,72,235 or by gently stretching the
exercised muscles before and after strenuous exercise.64,235

Although these techniques are regularly advocated and 
employed, little to no evidence in the literature supports their
efficacy in the prevention of DOMS.

There is some evidence to suggest that the use of repetitive
concentric exercise prior to DOMS-inducing eccentric exer-
cise does not entirely prevent but does reduce the severity of
muscle soreness and other markers of muscle damage.206

Paradoxically, a regular routine of eccentric exercise per-
formed prior to the onset of DOMS or after an initial episode
of DOMS has developed can minimize its effects.7,42,43,46 This
response is often referred to as the “repeated-bout effect,”
whereby a bout of eccentric exercise protects the muscle from
damage from subsequent bouts of eccentric exercise.187 It may
well be that with repeated bouts of the same level of eccentric
exercise or activity that caused the initial episode of DOMS,
the muscle adapts to the physical stress and prevents addi-
tional episodes of DOMS.7,42,169,187

To date, the efficacy of DOMS treatment has been mixed.
Evidence shows that continuation of a training program that
has induced DOMS does not worsen the muscle damage or
slow the recovery process.42,207 Light, high-speed isokinetic,
concentric exercise has been reported to reduce muscle sore-
ness and hasten the remediation of strength deficits associated
with DOMS,120 but other reports suggest no significant im-
provement in strength or relief of muscle soreness with light
exercise.69,267

The effectiveness of therapeutic modalities and massage
techniques is also questionable. Electrical stimulation to 
reduce soreness has been reported to be effective62,147 and 
ineffective.267 Although cryotherapy, specifically cold water
immersion, after vigorous eccentric exercise reduces signs of
muscle damage, little to no effect on the perpetuation of mus-
cle tenderness or strength deficit is reported.81 Also, there is
no significant evidence that post-exercise massage, despite its
widespread use in sports settings, reduces the signs and symp-
toms of DOMS.147,259,267 Other treatments, such as hyperbaric
oxygen therapy and nutritional supplements, also have 
limited benefits.46 However, use of compression sleeves160,165

and topical salicylate creams, which provide an analgesic 
effect, may reduce the severity of and hasten the recovery
from DOMS-related symptoms.

 FOCUS ON EVIDENCE
In a prospective study160,165 of DOMS that was induced 
by maximal eccentric exercise, the use of a compression sleeve
over the exercised muscle group resulted in no increase in 
circumferential measurements of the upper arm, suggesting
the prevention of soft tissue swelling. In participants wearing
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BOX 6.13 Delayed-Onset Muscle Soreness:
Clinical Signs and Symptoms

■ Muscle soreness and aching beginning 12 to 24 hours after
exercise, peaking at 48 to 72 hours, and subsiding 2 to 
3 days later

■ Tenderness with palpation throughout the involved muscle
belly or at the myotendinous junction

■ Increased soreness with passive lengthening or active
contraction of the involved muscle

■ Local edema and warmth
■ Muscle stiffness reflected by spontaneous muscle

shortening62 before the onset of pain
■ Decreased ROM during the time course of muscle soreness
■ Decreased muscle strength prior to onset of muscle

soreness that persists for up to 1 to 2 weeks after soreness
has remitted39
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a sleeve, there was also a more rapid reduction in the percep-
tion of muscle soreness and a more rapid amelioration of
deficits in peak torque than in those who did not wear the
compression sleeve.

In summary, although some interventions for the treat-
ment of DOMS appear to have potential, a definitive treat-
ment has yet to be determined.

Pathological Fracture
When an individual has or is at high risk for osteoporosis or
osteopenia, the risk of pathological fracture from participating
in a resistance exercise program must be considered. Osteo-
porosis, which is discussed in greater detail in Chapter 11 and
in Chapter 24, is a systemic skeletal disease characterized by 
reduced mineralized bone mass that is associated with an 
imbalance between bone resorption and bone formation, lead-
ing to fragility of bones. In addition to the loss of bone mass,
there also is narrowing of the bone shaft and widening of the
medullary canal.7,30,168

The changes associated with osteoporosis make the bone
less able to withstand physical stress making them highly sus-
ceptible to pathological fracture. A pathological fracture,
or fragility fracture, is the failure of bone already weakened
by disease that results from minor stress to the skeletal sys-
tem.30,110,201 Pathological fractures most commonly occur 
in the vertebrae, femurs, wrists, and ribs.110,168 Therefore, to
design and implement a safe exercise program, a therapist
needs to know if a patient has a history of osteoporosis and,
as such, an increased risk of pathological fracture. If there is
no known history of osteoporosis, the therapist must be able
to recognize those factors that place a patient at risk for 
osteoporosis.30,51,168 As noted in Chapter 11, postmenopausal
women, for example, are at high risk for primary (type I) 
osteoporosis. Secondary (type II) osteoporosis is associated
with prolonged immobilization or disuse, restricted weight
bearing, or extended use of certain medications, such as sys-
temic corticosteroids or immunosuppressants.

Prevention of Pathological Fracture
Numerous studies have demonstrated that physical activity that
includes resistance training has positive osteogenic effects. Con-
sequently, in addition to aerobic exercises that involve weight-
bearing, resistance exercises have become an essential element
of rehabilitation and conditioning programs for individuals
with or at risk for osteoporosis.6,7,218,228 Therefore, individuals
who are at risk for pathological fracture often engage in resist-
ance training with a goal of increasing bone density.

Successful, safe resistance training must impose a great
enough load to satisfy the overload principle and achieve 
the goals of the exercise program but not so heavy a load as
to cause a pathological fracture. Guidelines and precautions
during resistance training to reduce the risk of pathological
fracture for individuals with or at risk for osteoporosis are
summarized in Box 6.14.201,218,228

Contraindications 
to Resistance Exercise

There are only a few instances when resistance exercises are
contraindicated. Resistance training is most often contraindi-
cated during periods of acute inflammation and with some
acute diseases and disorders. By carefully selecting the appro-
priate type (mode) of exercise (static versus dynamic; weight
bearing versus nonweight bearing) and keeping the initial in-
tensity of the exercise at a low to moderate level, adverse effects
from resistance training can almost always be avoided.

206 Contraindications to Resistance Exercise

BOX 6.14 Resistance Training Guidelines 
and Precautions to Reduce the Risk
of Pathological Fracture

■ Intensity of exercise. Avoid high-intensity, high-volume
weight training. Depending on the severity of osteoporosis,
begin weight training at a minimal intensity (40% to 60% of
1-RM) and progress to moderate-intensity (60% to <80% of
1-RM) only if indicated.

■ Repetitions and sets. Initially, perform only one set of
several exercises, using 8 to 12 repetitions of each exercise
for the first 6 to 8 weeks.
■ Progress intensity and volume (repetitions) gradually;

eventually work up to three or four sets of each exercise
at moderate levels of intensity.

■ Frequency. Perform resistance exercises two to three
times per week.

■ Type of exercise. Integrate weight-bearing activities into
resistance training, but use the following precautions:
■ Avoid high-impact activities such as jumping or

hopping. Perform most strengthening exercises in
weight-bearing postures that involve low impact, such
as lunges or step-ups/step-downs against additional
resistance (handheld weights, a weighted vest, or
elastic resistance).

■ Avoid high-velocity movements.
■ Avoid trunk flexion with rotation and end-range resisted

flexion of the spine. Such combinations can place
excessive loading on the anterior portion of the vertebrae,
potentially resulting in anterior compression fracture,
wedging of the vertebral body, and loss of height.

■ Avoid lower extremity weight-bearing activities that
involve torsional movements of the hips, particularly if
there is evidence of osteoporosis of the proximal femur.

■ To avoid loss of balance during lower extremity exercises
while standing, have the patient hold onto a stable
surface such as a countertop. If the patient is at high risk
for falling or has a history of falls, perform exercises in a
chair to provide weight bearing through the spine.

■ In group exercise classes, keep participant-instructor
ratios low; for patients at high risk for falling or with a
history of previous fracture, consider direct supervision
on a one-to-one basis from another trained person.
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Pain
If a patient experiences severe joint or muscle pain during ac-
tive movements against no external load, dynamic resistance
exercises should not be initiated. During testing, if a patient ex-
periences acute muscle pain during a resisted isometric con-
traction, resistance exercises should not be initiated. Lastly, if a
patient experiences pain that cannot be eliminated by reducing
the external resistance, the exercise should be stopped.

Inflammation
Dynamic and static resistance training is absolutely con-
traindicated in the presence of inflammatory neuromuscular
disease. For example, in patients with acute anterior horn 
cell disease (Guillain-Barré) or inflammatory muscle disease
(polymyositis, dermatomyositis) resistance exercises may 
actually cause irreversible deterioration of strength through
damage to muscle. Dynamic resistance exercises are con-
traindicated in the presence of acute inflammation of a joint.
The use of dynamic resisted exercise can irritate the joint and
cause more inflammation. Gentle setting exercises against
negligible resistance are appropriate.

Severe Cardiopulmonary Disease
Severe cardiac or respiratory diseases or disorders associated
with acute symptoms contraindicate resistance training. For
example, patients with severe coronary artery disease, carditis,
cardiac myopathy, congestive heart failure, or uncontrolled 
hypertension or dysrhythmias should not participate in vigor-
ous physical activities, including a resistance training program.6

After myocardial infarction or coronary artery bypass graft
surgery, resistance training should be postponed for at least
5 weeks (that includes participation in 4 weeks of supervised
cardiac rehabilitation endurance training) and until clearance
from the patient’s physician has been received.6

Manual Resistance Exercise

Definition and Use
Manual resistance exercise is a form of active resistive exercise
in which the resistance force is applied to either a dynamic or
a static muscular contraction by the therapist.

■  When joint motion is permissible, resistance is usually 
applied throughout the available ROM.

■  Resistance is applied during exercise carried out in anatom-
ical planes of motion, in diagonal patterns associated with
PNF techniques,159,265 or in combined patterns of move-
ment that simulate functional activities.

■  A specific muscle may also be strengthened by resisting the
action of that muscle, as described in manual muscle-testing
procedures.132,152

■  In rehabilitation programs, manual resistance exercise, which
may be preceded by active-assisted and active exercise, is part

of the continuum of active exercises available to a therapist
to improve or restore muscular performance.

There are many advantages to the use of manual resistance
exercises, but there also are disadvantages and limitations to
this form of resistance exercises. These issues are summarized
in Box 6.15.

Guidelines and Special Considerations
The general principles for the application of resistance exer-
cises discussed in the preceding section of this chapter also
apply to manual resistance exercise. In addition, there are
some special considerations unique to manual resistance 
exercises that should be followed. The following guidelines
apply to manual resistance exercise carried out in anatomical
planes of motion and in diagonal patterns association with PNF.
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BOX 6.15 Manual Resistance Exercise:
Advantages and Disadvantages

Advantages
■ Most effective during the early stages of rehabilitation

when muscles are weak (MMT of 4/5 or less).
■ Effective form of exercise for transition from assisted to

mechanically resisted movements.
■ More finely graded resistance than mechanical resistance.
■ Resistance is adjusted throughout the ROM as the therapist

responds to the patient’s efforts or a painful arc.
■ Muscle works maximally at all portions of the ROM.
■ The range of joint movement can be carefully controlled by

the therapist to protect healing tissues or to prevent
movement into an unstable portion of the range.

■ Useful for dynamic or static strengthening.
■ Direct manual stabilization prevents substitute motions.
■ Can be performed in a variety of patient positions.
■ Placement of resistance is easily adjusted.
■ Gives the therapist an opportunity for direct interaction 

and continuous monitoring of the patient’s performance.

Disadvantages
■ Exercise load (amount of resistance) is subjective; it cannot

be measured or quantitatively documented for purposes of
establishing a baseline or exercise-induced improvements
in muscle performance.

■ Amount of resistance is limited to the strength of the
therapist; therefore, resistance imposed is not adequate to
strengthen already strong muscle groups.

■ Speed of movement is slow to moderate, which may not
carry over to most functional activities.

■ Cannot be performed independently by the patient for
most muscle groups.

■ Not useful in home program unless caregiver assistance is
available.

■ Labor and time intensive for the therapist.
■ Impractical for improving muscular endurance; too 

time-consuming.
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Body Mechanics of the Therapist
■  Select a treatment table on which to position the patient

that is a suitable height or adjust the height of the patient’s
bed, if possible, to enhance use of proper body mechanics.

■  Assume a position close to the patient to avoid stresses on
your low back and to maximize control of the patient’s
upper or lower extremity.

■  Use a wide base of support to maintain stability while ap-
plying resistance; shift your weight to move as the patient
moves his or her limb.

Application of Manual Resistance 
and Stabilization
■  Review the principles and guidelines for placement and 

direction of resistance and stabilization (see Figs. 6.12 
and 6.13). Stabilize the proximal attachment of the con-
tracting muscle with one hand, when necessary, while 
applying resistance distally to the moving segment. Use 
appropriate hand placements (manual contacts) to provide
tactile and proprioceptive cues to help the patient better
understand in which direction to move.251

■  Grade and vary the amount of resistance to equal the abil-
ities of the muscle throughout the available ROM.

CLINICAL TIP
When applying manual resistance, the therapist must possess
well-developed skills in order to provide enough resistance to
challenge but not overpower the patient’s efforts, especially
when the patient has significant weakness.

■  Gradually apply and release the resistance so movements
are smooth, not unexpected or uncontrolled.

■   Hold the patient’s extremity close to your body so some of
the force applied is from the weight of your body not just the
strength of your upper extremities. This enables you to apply
a greater amount of resistance, particularly as the patient’s
strength increases.

■  When applying manual resistance to alternating isometric
contractions of agonist and antagonist muscles to develop
joint stability, maintain manual contacts at all times as the
isometric contractions are repeated. As a transition is made
from one muscle contraction to another, no abrupt relax-
ation phase or joint movements should occur between the
opposing contractions.

Verbal Commands
■  Coordinate the timing of the verbal commands with the

application of resistance to maintain control when the 
patient initiates a movement.

■  Use simple, direct verbal commands.
■  Use different verbal commands to facilitate isometric,

concentric, or eccentric contractions. To resist an isomet-
ric contraction, tell the patient to “Hold,” “Don’t let me
move you,” or “Match my resistance.” To resist a concentric
contraction, tell the patient to “Push” or “Pull.” To resist

an eccentric contraction, tell the patient to “Slowly let go
as I push or pull you.”

Number of Repetitions and Sets/Rest Intervals
■  As with all forms of resistance exercise, the number of rep-

etitions is dependent on the response of the patient.
■  For manual resistance exercise, the number of repetitions

also is contingent on the strength and endurance of the
therapist.

■  Build in adequate rest intervals for the patient and the ther-
apist; after 8 to 12 repetitions, both the patient and the
therapist typically begin to experience some degree of mus-
cular fatigue.

Techniques: General Background
The manual resistance exercise techniques described in this 
section are for the upper and lower extremities, performed con-
centrically in anatomical planes of motion. The direction of
limb movement would be the opposite if manual resistance were
applied to an eccentric contraction. The exercises described are
performed in nonweight-bearing positions and involve move-
ments to isolate individual muscles or muscle groups.

Consistent with Chapter 3, most of the exercises described
and illustrated in this section are performed with the patient
in a supine position. Variations in the therapist’s position and
hand placements may be necessary, depending on the size and
strength of the therapist and the patient. Alternative patient
positions, such as prone or sitting, are described when appro-
priate or necessary. Ultimately, a therapist must be versatile
and able to apply manual resistance with the patient in all po-
sitions to meet the needs of many patients with significant
differences in abilities, limitations, and pathologies.

NOTE: In all illustrations in this section, the direction in which
resistance (R) is applied is indicated with a solid arrow.

Reciprocal motions, such as flexion/extension and abduction/
adduction, are often alternately resisted in an exercise program
in which strength and balanced neuromuscular control in both
agonists and antagonists are desired. Resistance to reciprocal
movement patterns also enhances a patient’s ability to reverse
the direction of movement smoothly and quickly, a neuromus-
cular skill that is necessary in many functional activities. Reversal
of direction requires muscular control of both prime movers
and stabilizers and combines concentric and eccentric contrac-
tions to decrease momentum and make a controlled transition
from one direction to the opposite direction of movement.

Manual resistance in diagonal patterns associated with PNF
are described and illustrated in the next section of this chapter.
Additional resistance exercises to increase strength, power, en-
durance, and neuromuscular control in the extremities can be
found in Chapters 17 through 23. In these chapters many 
examples and illustrations of resisted eccentric exercises, ex-
ercises in weight-bearing positions, and exercises in functional
movement patterns are featured. Resistance exercises for the
cervical, thoracic, and lumbar spine are described and 
illustrated in Chapter 16.
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Upper Extremity
Shoulder Flexion VIDEO 6.1

Hand Placement and Procedure
■  Apply resistance to the anterior aspect of the distal arm or

to the distal portion of the forearm if the elbow is stable
and pain-free (Fig. 6.14).

■  Stabilization of the scapula and trunk is provided by the
treatment table.
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FIGURE 6.14 Resisted shoulder flexion.

FIGURE 6.15 Resisted shoulder abduction.

Shoulder Extension

Hand Placement and Procedure
■  Apply resistance to the posterior aspect of the distal arm

or the distal portion of the forearm.
■  Stabilization of the scapula is provided by the table.

Shoulder Hyperextension
The patient assumes the supine position, close to the edge of
the table, side-lying, or prone so hyperextension can occur.

Hand Placement and Procedure
■  Apply resistance in the same manner as for extension of the

shoulder.
■  Stabilize the anterior aspect of the shoulder if the patient

is supine.
■  If the patient is side-lying, adequate stabilization must be

given to the trunk and scapula. This usually can be done if
the patient is positioned close to the edge of the table and
the therapist uses their trunk to stabilize.

■  If the patient is lying prone, manually stabilize the scapula.

Shoulder Abduction and Adduction

Hand Placement and Procedure
■  Apply resistance to the distal arm with the patient’s elbow

flexed to 90°. To resist abduction (Fig. 6.15), apply resistance

R

to the lateral aspect of the arm. To resist adduction, apply
resistance to the medial aspect of the arm.

■  Stabilization (although not pictured in Fig. 6.15) is applied
to the superior aspect of the shoulder, if necessary, to pre-
vent the patient from initiating abduction by shrugging the
shoulder (elevation of the scapula).

PRECAUTION: Allow the glenohumeral joint to externally ro-
tate when resisting abduction above 90° to avoid impingement.

Elevation of the Arm in the Plane 
of the Scapula 

Hand Placement and Procedure
■  Same as previously described for shoulder flexion.
■  Apply resistance as the patient elevates the arm in the plane

of the scapula (30° to 40° anterior to the frontal plane of
the body).175,211

CLINICAL TIP
Although scapular plane elevation is not a motion of the
shoulder that occurs in one of the anatomical planes of the
body, resistance in the scapular plane is thought to have its
merits. The evidence is inconclusive227,273 as to whether the
torque-producing capabilities of the key muscle groups of
the glenohumeral joint are greater when the arm elevates in
the plane of the scapula versus the frontal or sagittal planes.
However, the glenohumeral joint is considered to be more
stable with less risk of soft tissue impingement when strength
training is performed in the scapular plane.183,211 (See addi-
tional discussion in Chapter 17.)

Shoulder Internal and External Rotation

Hand Placement and Procedure
■   Flex the elbow to 90° and position the shoulder midway be-

tween full adduction and 90° abduction. A towel can be placed
under the distal arm to approach the plane of the scapula.
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■  Apply resistance to the distal forearm during internal 
rotation and external rotation (Fig. 6.16A).

■  Stabilize at the level of the clavicle during internal rotation;
the back and scapula are stabilized by the table during 
external rotation.

Alternate Procedure
Alternate alignment of the humerus (Fig. 6.16 B). If the 
mobility and stability of the glenohumeral joint permit, the

shoulder can be positioned in 90° of abduction during resis-
ted rotation.

Shoulder Horizontal Abduction and Adduction

Hand Placement and Procedure
■  Flex the shoulder and elbow to 90° and place the shoulder

in neutral rotation.
■  Apply resistance to the distal arm just above the elbow 

during horizontal adduction and abduction.
■  Stabilize the anterior aspect of the shoulder during hori-

zontal adduction. The table stabilizes the scapula and trunk
during horizontal abduction.

■  To resist horizontal abduction from 0° to 45°, the patient
must be close to the edge of the table while supine or be
placed side-lying or prone.

Elevation and Depression of the Scapula
Video 6.2

Hand Placement and Procedure
■  Have the patient assume a supine, side-lying, or sitting 

position.
■  Apply resistance along the superior aspect of the shoulder

girdle just above the clavicle during scapular elevation 
(Fig. 6.17).
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FIGURE 6.17 Elevation of the shoulders (scapulae), resisted 
bilaterally.

FIGURE 6.16 (A) Resisted external rotation of the shoulder with
the shoulder positioned in flexion and abduction (approaching the
plane of the scapula). (B) Resisted internal rotation of the shoulder
with the shoulder in 90° of abduction.

R R

A

B

Alternate Procedures: Scapular Depression
To resist unilateral scapular depression in the supine position,
have the patient attempt to reach down toward the foot and
push the hand into the therapist’s hand. When the patient has
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adequate strength, the exercise can be performed to include
weight bearing through the upper extremity by having the 
patient sit on the edge of a low table and lift the body 
weight with both hands.

Protraction and Retraction of the Scapula

Hand Placement and Procedure
■  Apply resistance to the anterior portion of the shoulder

at the head of the humerus to resist protraction 
and to the posterior aspect of the shoulder to resist 
retraction.

■  Resistance may also be applied directly to the scapula if the
patient sits or lies on the side, facing the therapist.

■  Stabilize the trunk to prevent trunk rotation.

Elbow Flexion and Extension VIDEO 6.3

Hand Placement and Procedure
■  To strengthen the elbow flexors, apply resistance to the 

anterior aspect of the distal forearm (Fig. 6.18).
■  The forearm may be positioned in supination, pronation,

and neutral to resist individual flexor muscles of the
elbow.

■  To strengthen the elbow extensors, place the patient prone
(Fig. 6.19) or supine and apply resistance to the distal 
forearm.

■  Stabilize the upper portion of the humerus during both
motions.

Forearm Pronation and Supination
VIDEO 6.4

Hand Placement and Procedure
■  Apply resistance to the radius of the distal forearm with the

patient’s elbow flexed to 90° (Fig. 6.20) to prevent rotation
of the humerus.

PRECAUTION: Do not apply resistance to the hand to avoid
twisting forces at the wrist.
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FIGURE 6.20 Resisted pronation of the forearm.FIGURE 6.18 Resisted elbow flexion with proximal stabilization.

FIGURE 6.19 Resisted elbow extension.

R
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Wrist Flexion and Extension VIDEO 6.5

Hand Placement and Procedure
■  Apply resistance to the volar and dorsal aspects of the hand

at the level of the metacarpals to resist flexion and exten-
sion, respectively (Fig. 6.21).

■  Stabilize the volar or dorsal aspect of the distal forearm.

Lower Extremity
Hip Flexion With Knee Flexion  VIDEO 6.7

Hand Placement and Procedure
■  Apply resistance to the anterior portion of the distal thigh

(Fig. 6.24). Simultaneous resistance to knee flexion may be
applied at the distal and posterior aspect of the lower leg,
just above the ankle.

■  Stabilization of the pelvis and lumbar spine is provided by
adequate strength of the abdominal muscles.

PRECAUTION: If the pelvis rotates anteriorly and lumbar
spine lordosis increases during resisted hip flexion, the patient
can flex the contralateral hip and knee and plant the foot on the
table to stabilize the pelvis and protect the low back region.

212 Manual Resistance Exercise

R

FIGURE 6.21 Resisted wrist flexion and stabilization of the forearm.

FIGURE 6.23 Resisted opposition of the thumb.

FIGURE 6.24 Resisted flexion of the hip with the knee flexed.

FIGURE 6.22 Resisted flexion of the proximal interphalangeal (PIP)
joint of the index finger with stabilization of the metacarpophalangeal
(MCP) and distal interphalangeal (DIP) joints.

Wrist Radial and Ulnar Deviation

Hand Placement and Procedure
■  Apply resistance to the second and fifth metacarpals alter-

nately to resist radial and ulnar deviation.
■  Stabilize the distal forearm.

Motions of the Fingers and Thumb
VIDEO 6.6

Hand Placement and Procedure
■  Apply resistance just distal to the joint that is moving. 

Resistance is applied to one joint motion at a time 
(Figs. 6.22 and 6.23).

■  Stabilize the joints proximal and distal to the moving joint.

R

R

R

Hip Extension

Hand Placement and Procedure
■  Apply resistance to the posterior aspect of the distal thigh

with one hand and to the inferior and distal aspect of the
heel with the other hand (Fig. 6.25).

■  Stabilization of the pelvis and lumbar spine is provided by
the table.
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Hip Hyperextension
Patient position: prone.

Hand Placement and Procedure
■  With the patient in a prone position, apply resistance to the

posterior aspect of the distal thigh (Fig. 6.26).
■  Stabilize the posterior aspect of the pelvis to avoid motion

of the lumbar spine.

Hip Internal and External Rotation
Patient position: supine with the hip and knee extended.

Hand Placement and Procedure
■  Apply resistance to the lateral aspect of the distal thigh to

resist external rotation and to the medial aspect of the thigh
to resist internal rotation.

■  Stabilize the pelvis.

Patient position: supine with the hip and knee flexed 
(Fig. 6.28).
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FIGURE 6.25 Resisted hip and knee extension with the hand placed
at the popliteal space to prevent hyperextension of the knee.

FIGURE 6.26 Resisted end-range hip extension with stabilization of
the pelvis.

FIGURE 6.27 Resisted hip abduction.

FIGURE 6.28 Resisted external rotation of the hip with the patient
lying supine.

R
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Hip Abduction and Adduction

Hand Placement and Procedure
■  Apply resistance to the lateral and the medial aspects of the

distal thigh to resist abduction (Fig. 6.27) and adduction,
respectively, or to the lateral and medial aspects of the 
distal leg just above the malleoli if the knee is stable and
pain-free.

■  Stabilization is applied to the pelvis to avoid hip-hiking
from substitute action of the quadratus lumborum and 
to keep the thigh in neutral position to prevent external 
rotation of the femur and subsequent substitution by the
iliopsoas.

R
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Hand Placement and Procedure
■  Apply resistance to the medial aspect of the lower leg just

above the malleolus during external rotation and to the lat-
eral aspect of the lower leg during internal rotation.

■  Stabilize the anterior aspect of the pelvis as the thigh is sup-
ported to keep the hip in 90° of flexion.

Patient position: prone, with the hip extended and the knee
flexed (Fig. 6.29).

Knee Extension

Alternate Patient Positions
■  If the patient is lying supine on a table, the hip must be 

abducted and the knee flexed so the lower leg is over the
side of the table. This position should not be used if the
rectus femoris or iliopsoas is tight because it causes an 
anterior tilt of the pelvis and places stress on the low back.

■  If the patient is prone, place a rolled towel under the ante-
rior aspect of the distal thigh; this allows the patella to glide
normally during knee extension.

■  If the patient is sitting, place a rolled towel under the 
posterior aspect of the distal thigh (Fig. 6.31).
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FIGURE 6.29 Resisted internal rotation of the hip with the patient
lying prone.

FIGURE 6.30 Resisted knee flexion with stabilization of the hip.

FIGURE 6.31 Resisted knee extension with the patient sitting and
stabilizing the trunk with the upper extremities and the therapist 
stabilizing the thigh.

Hand Placement and Procedure
■  Apply resistance to the medial and lateral aspects of the

lower leg.
■  Stabilize the pelvis by applying pressure across the buttocks.

Knee Flexion VIDEO 6.8
■  Resistance to knee flexion may be combined with resist-

ance to hip flexion, as described earlier with the patient
supine.

Alternate patient position: prone with the hips extended
(Fig. 6.30).

Hand Placement and Procedure
■  Apply resistance to the posterior aspect of the lower leg just

above the heel.
■  Stabilize the posterior pelvis across the buttocks.

Additional patient position: sitting at the edge of a table
with the hips and knees flexed and the back supported and
stabilized.

R

R
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Hand Placement and Procedure
■  Apply resistance to the anterior aspect of the lower leg.
■  Stabilize the femur, pelvis, or trunk as necessary.

Ankle Dorsiflexion and 
Plantarflexion VIDEO 6.9

Hand Placement and Procedure
■  Apply resistance to the dorsum of the foot just above the

toes to resist dorsiflexion (Fig. 6.32 A) and to the plantar
surface of the foot at the metatarsals to resist plantarflexion
(Fig. 6.32 B).

■  Stabilize the lower leg.

Ankle Inversion and Eversion

Hand Placement and Procedure
■  Apply resistance to the medial aspect of the first metatarsal

to resist inversion and to the lateral aspect of the fifth
metatarsal to resist eversion.

■  Stabilize the lower leg.

Flexion and Extension of the Toes

Hand Placement and Procedure
■  Apply resistance to the plantar and dorsal surfaces of the

toes as the patient flexes and extends the toes.
■  Stabilize the joints above and below the joint that is 

moving.

Proprioceptive
Neuromuscular Facilitation:
Principles and Techniques

PNF is an approach to therapeutic exercise that combines
functionally based diagonal patterns of movement with tech-
niques of neuromuscular facilitation to evoke motor re-
sponses and improve neuromuscular control and function.
This widely used approach to exercise was developed during
the 1940s and 1950s by the pioneering work of Kabat, Knott,
and Voss.159 Their work integrated the analysis of movement
during functional activities with then current theories of
motor development, control, and learning and principles 
of neurophysiology as the foundations of their approach to
exercise and rehabilitation. Long associated with neuroreha-
bilitation, PNF techniques also have widespread application
for rehabilitation of patients with musculoskeletal conditions
that result in altered neuromuscular control of the extremi-
ties, neck, and trunk.127,251,263

PNF techniques can be used to develop muscular strength
and endurance; to facilitate stability, mobility, neuromuscu-
lar control, and coordinated movements; and to lay a foun-
dation for the restoration of function. PNF techniques are
useful throughout the continuum of rehabilitation from 
the early phase of tissue healing when isometric techniques
are appropriate to the final phase of rehabilitation when
high-velocity, diagonal movements can be performed against
maximum resistance.

Hallmarks of this approach to therapeutic exercise are the
use of diagonal patterns and the application of sensory cues—
specifically proprioceptive, cutaneous, visual, and auditory
stimuli—to elicit or augment motor responses. Embedded in
this philosophy and approach to exercise is that the stronger
muscle groups of a diagonal pattern facilitate the responsive-
ness of the weaker muscle groups. The focus of discussion of
PNF in this chapter deals with the use of PNF patterns and
techniques as an important form of resistance exercise for the
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FIGURE 6.32 (A) Resisted dorsiflexion. (B) Resisted plantarflexion
of the ankle.

R

R

A

B

5850_Ch06_166-245  18/08/17  12:35 PM  Page 215



development of strength, muscular endurance, and dynamic
stability.

Although PNF patterns for the extremities can be per-
formed unilaterally or bilaterally and in a variety of weight-
bearing and nonweight-bearing positions, only unilateral
patterns with the patient in a supine position are described
and illustrated. In Chapter 4 of this text the use of several PNF
stretching techniques are described. As noted in Chapter 3,
diagonal patterns can also be used for passive and active
ROM. Additional application of diagonal patterns for the 
extremities and trunk, some using resistance equipment, are
described in the regional chapters later in this text.

Diagonal Patterns
PNF patterns are composed of multijoint, multiplanar, diag-
onal, and rotational movements of the extremities, trunk, and
neck. Multiple muscle groups contract simultaneously during
the execution of these patterned motions. There are two pairs
of diagonal patterns that can be used for the upper and lower
extremities: diagonal 1 (D1) and diagonal 2 (D2). Each diag-
onal pattern can be performed when moving in either a flex-
ion or extension direction. Hence, the terminology used 
is D1Flexion or D1Extension and D2Flexion or D2Extension
of the upper or lower extremities. The patterns encompass
motion at each joint of the extremity but are identified by the

motions that occur at the most proximal joints—the shoulder
or the hip. In other words, a pattern is named by the position
of the shoulder or hip when the diagonal pattern has been com-
pleted. Within each pattern, flexion or extension is coupled
with abduction or adduction as well as external or internal
rotation. Table 6.9 summarizes the component motions of
each of the diagonal patterns.

As mentioned, the diagonal patterns can be carried out
unilaterally or bilaterally. Bilateral patterns can be done sym-
metrically (e.g., D1Flexion of both extremities), asymmetri-
cally (D1Flexion of one extremity coupled with D2Flexion
of the other extremity), or reciprocally (D1Flexion of one 
extremity and D1 Extension of the opposite extremity). 
Furthermore, there are patterns specifically for the scapula
or pelvis and techniques that integrate diagonal movements
into functional activities, such as rolling, crawling, and 
walking. There are several in-depth resources that describe
and illustrate the many variations and applications of PNF
techniques.212,251,265

Basic Procedures With PNF Patterns
A number of basic procedures that involve the application 
of multiple types of sensory cues are superimposed on the 
diagonal patterns to elicit the best possible neuromuscular 
responses.212,251,265 Although the diagonal patterns can be
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TABLE 6.9 Component Motions of PNF Patterns: Upper and Lower Extremities

Joints or Diagonal 1: Flexion Diagonal 1: Extension Diagonal 2: Flexion Diagonal 2: Extension 
Segments (D1Flx) (D1Ext) (D2Flx) (D2Ext)

Upper Extremity Component Motions

Shoulder

Scapula

Elbow

Forearm

Wrist

Fingers and 
thumb

Lower Extremity Component Motions

Hip

Knee

Ankle

Toes

Flexion-abduction-
external rotation

Elevation, abduction,
upward rotation

Flexion or extension

Supination

Extension, radial
deviation

Extension, abduction

Flexion-abduction-
internal rotation

Flexion or extension

Dorsiflexion,
eversion

Extension

Extension-adduction-
internal rotation

Depression, adduction,
downward rotation

Flexion or extension

Pronation

Flexion, ulnar deviation

Flexion, adduction

Extension-adduction-
external rotation

Flexion or extension

Plantarflexion,
inversion

Flexion

Flexion-adduction-
external rotation

Elevation, abduction,
upward rotation

Flexion or extension

Supination

Flexion, radial
deviation

Flexion, adduction

Flexion-adduction-
external rotation

Flexion or extension

Dorsiflexion,
inversion

Extension

Extension-abduction-
internal rotation

Depression, adduction,
downward rotation

Flexion or extension

Pronation

Extension, ulnar
deviation

Extension, abduction

Extension-abduction-
internal rotation

Flexion or extension

Plantarflexion,
eversion 

Flexion
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used with various forms of mechanical resistance (e.g., free
weights, simple weight-pulley systems, elastic resistance, or
even an isokinetic unit), the interaction between the patient
and therapist, a prominent feature of PNF, provides the great-
est amount and variety of sensory input, particularly in the
early phases of re-establishing neuromuscular control.

Manual Contacts
The term manual contact refers to how and where the thera-
pist’s hands are placed on the patient. Whenever possible,
manual contacts are placed over the agonist muscle groups or
their tendinous insertions. These contacts allow the therapist
to apply resistance to the appropriate muscle groups and cue
the patient as to the desired direction of movement. For ex-
ample, if wrist and finger extension is to be resisted, manual
contact is on the dorsal surface of the hand and wrist. In the
extremity patterns, one manual contact is placed distally and
the other manual contact can be placed more proximally.
Placement of manual contacts is adjusted based on the 
patient’s response and their skill at performing and control-
ling the pattern.

Maximal Resistance
The amount of resistance applied during dynamic concentric
muscle contractions is the greatest amount possible that still
allows the patient to move smoothly and without pain
through the available ROM. Resistance should be adjusted
throughout the pattern to accommodate strong and weak
components of the pattern.

Position and Movement of the Therapist
The therapist remains positioned and aligned along the diag-
onal planes of movement with shoulders and trunk facing 
in the direction of the moving limb. Use of effective body 
mechanics is essential. Resistance should be applied through
body weight, not only through the upper extremities. The
therapist must use a wide base of support, move with the 
patient, and pivot over the base of support to allow rotation
to occur in the diagonal pattern.

Stretch
Stretch stimulus. The stretch stimulus is the act of physically
placing the patient’s body segments in positions that lengthen
the muscles that will contract during the diagonal movement
pattern. For example, prior to initiating D1Flexion of the
lower extremity, the lower limb is placed in D1Extension to
lengthen the flexors.

Considerable importance is placed on rotation during the
stretch stimulus. It is believed that the rotational component
elongates the muscle fibers and spindles of the agonist 
muscles for a given pattern, increasing the excitability and 
responsiveness of those muscles. The stretch stimulus is
sometimes described as “winding up the part” or “taking up
the slack.”

Stretch reflex. The stretch reflex is facilitated by a rapid
stretch or overpressure just past the point of tension to an 

agonist muscle that is positioned for a stretch stimulus. The
stretch reflex is usually directed to a distal muscle group 
to elicit a phasic muscle contraction that initiates a given di-
agonal movement pattern. The quick stretch is followed by
sustained manual resistance to the agonist muscles to main-
tain their tension. For example, to initiate D1Flexion of the
upper extremity, a quick stretch is applied to the already
elongated wrist and finger flexors followed by application
of resistance. A quick stretch also can be applied to any ag-
onist muscle group at any point during the execution of a
diagonal pattern to further stimulate an agonist muscle con-
traction or direct a patient’s attention to a weak component
of a pattern. (See additional discussion of the use of repeated
contractions in the next section, which describes special PNF
techniques.)

PRECAUTION: Use of a stretch reflex, even prior to resisted
isometric muscle contractions, is not advisable during the early
stages of soft tissue healing after injury or surgery. It is also 
inappropriate with acute or active arthritic conditions.

Normal Timing
A sequence of distal to proximal coordinated muscle contrac-
tions and joint motions occurs during the diagonal patterns.
The distal component motions of the pattern should be com-
pleted halfway through the full pattern. Correct sequencing
of movements promotes neuromuscular control and coordi-
nated movement.

Traction
Traction is the slight separation of joint surfaces, theoretically,
to inhibit pain and facilitate movement during execution 
of the movement patterns.212,251,265 Traction is most often 
applied manually during flexion patterns.

Approximation
The gentle compression of joint surfaces by means of manual
compression or weight bearing during the movement pat-
terns stimulates co-contraction of agonists and antagonists
to enhance dynamic stability and postural control via joint
and muscle mechanoreceptors.212,251,265

Verbal Commands
Auditory commands and cues are given to enhance motor
output. The tone and volume of the verbal commands are
varied to help maintain the patient’s attention. A sharp verbal
command is given simultaneously with the application of 
the stretch reflex to synchronize the phasic, reflexive motor
response with a sustained volitional effort by the patient. 
Verbal cues then direct the patient throughout the movement
patterns. As the patient learns the sequence of movements,
verbal cues can be more succinct.

Visual Cues
The patient is asked to follow the movement of a limb with
both head and eye motion to further enhance correct move-
ment throughout the full ROM.
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Upper Extremity Diagonal Patterns
NOTE: All descriptions for manual contacts are for the patient’s
right (R) upper extremity. During each pattern tell the patient to
watch their moving hand. Be sure that rotation shifts gradually
from full internal to full external rotation (or vice versa) through-
out the ROM. By midrange, the arm should be in neutral rota-
tion. Manual contacts may be altered from the suggested
placements as long as contact remains on the appropriate sur-
faces. The therapist should manually resist all patterns through
the full, available ROM.

D1Flexion VIDEO 6.10

Starting Position (Fig. 6.33 A)
Position the upper extremity in shoulder extension, abduc-
tion, and internal rotation; elbow extension; forearm prona-
tion; and wrist and finger extension with the hand about 8 to
12 inches from the hip.

D1Extension

Starting Position (Fig. 6.34 A)
Begin as described for completion of D1Flexion.
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FIGURE 6.33 (A) Starting position and 

FIGURE 6.33 (B) ending position for D1 flexion of the upper 
extremity.

FIGURE 6.34 (A) Starting position and

Hand Placement
Place the index and middle fingers of your (R) hand in the
palm of the patient’s hand and your left (L) hand on the volar
surface of the distal forearm or at the cubital fossa of the
elbow.

Verbal Commands
Apply a quick stretch to the wrist and finger flexors and 
tell the patient to “Squeeze my fingers; turn your palm up;
pull your arm up and across your face,” as you resist the 
pattern.

Ending Position (Fig. 6.33 B)
Complete the pattern with the arm across the face in shoulder
flexion, adduction, external rotation; partial elbow flexion;
forearm supination; and wrist and finger flexion.

Hand Placements
Grasp the dorsal surface of the patient’s hand and fingers with
your (R) hand using a lumbrical grip. Place your (L) hand on
the extensor surface of the arm just proximal to the elbow.

Verbal Commands
As you apply a quick stretch to the wrist and finger extensors,
tell the patient, “Open your hand” (or “Wrist and fingers up”);
then “Push your arm down and out.”

A

B

A
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Ending Position (Fig. 6.34 B)
Finish the pattern in shoulder extension, abduction, internal
rotation; elbow extension; forearm pronation; and wrist and
finger extension.

Verbal Commands
As you apply a quick stretch to the wrist and finger extensors,
tell the patient, “Open your hand and turn it to your face;”
“Lift your arm up and out;” “Point your thumb out.”

Ending Position (Fig. 6.35 B)
Finish the pattern in shoulder flexion, abduction, and external
rotation; elbow extension; forearm supination; and wrist and
finger extension. The arm should be 8 to 10 inches from the
ear; the thumb should be pointing to the floor.
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FIGURE 6.35 (A) Starting position and 

FIGURE 6.35 (B) ending position for D2 flexion of the upper 
extremity.

FIGURE 6.34—cont’d (B) ending position for D1 extension of the
upper extremity.

FIGURE 6.36 (A) Starting position and 

D2Flexion VIDEO 6.11

Starting Position (Fig. 6.35 A)
Position the upper extremity in shoulder extension, adduc-
tion, and internal rotation; elbow extension; forearm prona-
tion; and wrist and finger flexion. The forearm should lie
across the umbilicus.

Hand Placement
Grasp the dorsum of the patient’s hand with your (L) hand
using a lumbrical grip. Grasp the dorsal surface of the 
patient’s forearm close to the elbow with your (R) hand.

D2Extension

Starting Position (Fig. 6.36 A)
Begin as described for completion of D2Flexion.

AA

B

B
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Hand Placement
Place the index and middle fingers of your (R) hand in the
palm of the patient’s hand and your (L) hand on the volar
surface of the forearm or distal humerus.

Verbal Commands
As you apply a quick stretch to the wrist and finger flexors,
tell the patient, “Squeeze my fingers and pull down and across
your chest.”

Ending Position (Fig. 6.36 B)
Complete the pattern in shoulder extension, adduction, and
internal rotation; elbow extension; forearm pronation; 
and wrist and finger flexion. The forearm should cross the
umbilicus.

Verbal Commands
As you apply a quick stretch to the ankle dorsiflexors and 
invertors and toe extensors, tell the patient, “Foot and toes up
and in; bend your knee; pull your leg over and across.”

Ending Position (Fig. 6.37 b)
Complete the pattern in hip flexion, adduction, and external
rotation; knee flexion (or extension); ankle dorsiflexion and
inversion; toe extension. The hip should be adducted across
the midline, creating lower trunk rotation to the patient’s 
(L) side.
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FIGURE 6.36—cont’d (B) ending position for D2 extension of the
upper extremity.

FIGURE 6.37 (A) Starting position and 

FIGURE 6.37 (B) ending position for D1 flexion of the lower 
extremity.

Lower Extremity Diagonal Patterns
NOTE: Follow the same guidelines with regard to rotation and
resistance as previously described for the upper extremity. All
descriptions of manual contacts are for the patient’s (R) lower
extremity.

D1Flexion VIDEO 6.12

Starting Position (Fig. 6.37 A)
Position the lower extremity in hip extension, abduction, and
internal rotation; knee extension; plantar flexion and eversion
of the ankle; and toe flexion.

NOTE: This pattern may also be initiated with the knee flexed
and the lower leg over the edge of the table.

Hand Placement
Place your (R) hand on the dorsal and medial surface of the
foot and toes and your (L) hand on the anteromedial aspect
of the thigh just proximal to the knee.

D1Extension

Starting Position (Fig. 6.38 A)
Begin as described for completion of D1Flexion.

A

B

B
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FIGURE 6.38 (A) Starting position and 

FIGURE 6.39 (B) ending position for D2 flexion of the lower 
extremity.

FIGURE 6.39 (A) Starting position and

FIGURE 6.38 (B) ending position for D1 extension of the lower 
extremity.

Hand Placement
Place your (R) hand on the plantar and lateral surface of the
foot at the base of the toes. Place your (L) hand (palm up) at
the posterior aspect of the knee at the popliteal fossa.

Verbal Commands
As you apply a quick stretch to the plantarflexors of the ankle
and toes, tell the patient, “Curl (point) your toes; push down
and out.”

Ending Position (Fig. 6.38 B)
Finish the pattern in hip extension, abduction, and internal
rotation; knee extension or flexion; ankle plantarflexion and
eversion; and toe flexion.

Hand Placement
Place your (R) hand along the dorsal and lateral surfaces of
the foot and your (L) hand on the anterolateral aspect of the
thigh just proximal to the knee. The fingers of your (L) hand
should point distally.

Verbal Commands
As you apply a quick stretch to the ankle dorsiflexors and
evertors and toe extensors, tell the patient, “Foot and toes up
and out; lift your leg up and out.”

Ending Position (Fig. 6.39 B)
Complete the pattern in hip flexion, abduction, and internal
rotation; knee flexion (or extension); ankle dorsiflexion and
eversion; and toe extension.

D2Flexion VIDEO 6.13

Starting Position (Fig. 6.39 A)
Place the lower extremity in hip extension, adduction, and 
external rotation; knee extension; ankle plantarflexion and 
inversion; and toe flexion.

D2Extension

Starting Position (Fig. 6.40 A)
Begin as described for the completion of D2Flexion.

A A

B

B
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Hand Placement
Place your (R) hand on the plantar and medial surface of the
foot at the base of the toes and your (L) hand at the postero-
medial aspect of the thigh, just proximal to the knee.

Verbal Commands
As you apply a quick stretch to the plantarflexors and inver-
tors of the ankle and toe flexors, tell the patient, “Curl (point)
your toes down and in; push your leg down and in.”

Ending Position (Fig. 6.40 B)
Complete the pattern in hip extension, adduction, and exter-
nal rotation; knee extension; ankle plantarflexion and inver-
sion; and toe flexion.

These techniques are implemented selectively by the therapist
to evoke the best possible response from the patient and to
focus on specific treatment goals.

Rhythmic Initiation
Rhythmic initiation is used to promote the ability to initiate
a movement pattern. After the patient voluntarily relaxes,
the therapist moves the patient’s limb passively through the
available range of the desired movement pattern several
times so the patient becomes familiar with the sequence of
movements within the pattern. Rhythmic initiation also
helps the patient understand the rate at which movement
is to occur. Practicing assisted or active movements (with-
out resistance) also helps the patient learn a movement 
pattern.

Repeated Contractions
Repeated, dynamic contractions, initiated with repeated quick
stretches followed by resistance, are applied at any point in
the ROM to strengthen a weak agonist component of a diag-
onal pattern.

Reversal of Antagonists
Many functional activities involve quick reversals of the 
direction of movement. This is evident in diverse activities
such as sawing or chopping wood, dancing, playing tennis, or
grasping and releasing objects. The reversal of antagonists
technique involves stimulation of a weak agonist pattern by
first resisting static or dynamic contractions of the antagonist
pattern. The reversals of a movement pattern are instituted
just before the previous pattern has been fully completed.

There are two categories of reversal techniques available to
strengthen weak muscle groups.

Slow reversal. Slow reversal involves dynamic concentric
contraction of a stronger agonist pattern immediately 
followed by dynamic concentric contraction of the weaker
antagonist pattern. There is no voluntary relaxation between
patterns. This promotes rapid, reciprocal action of agonists
and antagonists.

Slow reversal hold. Slow reversal hold adds an isometric
contraction at the end of the range of a pattern to enhance
end-range holding of a weakened muscle. With no period of
relaxation, the direction of movement is then rapidly reversed
by means of dynamic contraction of the agonist muscle
groups quickly followed by isometric contraction of those
same muscles. This is one of several techniques used to 
enhance dynamic stability, particularly in proximal muscle
groups.

Alternating Isometrics VIDEO 6.14
Another technique to improve isometric strength and stability
of the postural muscles of the trunk or proximal stabilizing
muscles of the shoulder girdle or hip is alternating isometrics.
Manual resistance is applied in a single plane on one side 
of a body segment and then on the other. The patient is 
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FIGURE 6.40 (A) Starting position and 

FIGURE 6.40 (B) ending position for D2 extension of the lower 
extremity.

Specific Techniques With PNF
There are a number of specific additional techniques that may
be used during the execution of a PNF pattern to further
stimulate weak muscles and enhance movement or stability.

A

B
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Mechanical Resistance
Exercise

Mechanical resistance exercise is any form of exercise in which
external resistance is applied by means of some type of exer-
cise equipment. Frequently used terms that denote the use of
mechanical resistance are resistance training, weight training,
and strength training.5-8,16,35

instructed to “hold” his or her position as resistance is alter-
nated from one direction to the opposite direction. No 
joint movement should occur. This procedure isometrically
strengthens agonists and antagonists, and it can be applied to
one extremity, to both extremities simultaneously, or to the
trunk. Alternating isometrics can be applied with the extrem-
ities in weight-bearing or nonweight-bearing positions.

For example, if a patient assumes a side-lying position,
manual contacts are alternately placed on the anterior as-
pect of the trunk and then on the posterior aspect of the
trunk. The patient is told to maintain (hold) the side-lying
position as the therapist first attempts to push the trunk 
in a posterior and then anterior direction (Fig. 6.41 A).
Manual contacts are maintained on the patient as the ther-
apist’s hands are moved alternately from the anterior to
posterior surfaces. Resistance is gradually applied and 
released. The same can be done unilaterally or bilaterally in
the extremities (Fig. 6.41 B).

Rhythmic Stabilization
Rhythmic stabilization is used as a progression of alternating
isometrics and is designed to promote stability through 
co-contraction of the proximal stabilizing musculature of 
the trunk as well as the shoulder and pelvic girdle regions of
the body. Rhythmic stabilization typically is performed in
weight-bearing positions to incorporate joint approximation
into the procedure, hence further facilitating co-contraction.
The therapist applies multidirectional, rather than unidirec-
tional, resistance by placing manual contacts on opposite 
sides of the body and applying resistance simultaneously in
opposite directions as the patient holds the selected position.
Multiple muscle groups around joints—most importantly the
rotators—must contract to hold the position.

For example, the patient is told to hold the exercise posi-
tion as the therapist pushes against the posterior aspect of the
body with one hand and simultaneously pushes against the
anterior aspect of the body with the other hand (Fig. 6.42).
Manual contacts are then shifted to the opposite surfaces and
isometric holding against resistance is repeated. There is no
voluntary relaxation between contractions.

Use of these special techniques, as well as others associated
with PNF, gives the therapist a significant variety of methods
for increasing muscle strength and promoting dynamic 
stability and controlled mobility. 
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FIGURE 6.41 (A) Use of alternating isometrics to improve static
strength of the proximal musculature by alternately placing both
hands and applying resistance to the anterior aspect of the body 
and then to the posterior aspect of the body. (B) Use of alternating
isometrics in the upper extremities.

FIGURE 6.42 Use of rhythmic stabilization to improve stability of
the trunk by simultaneously applying resistance in opposite direc-
tions to the anterior and posterior surfaces of the trunk, emphasizing
isometric contractions of the trunk rotators.
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Mechanical resistance exercise is an integral component
of rehabilitation and fitness/conditioning programs for in-
dividuals of all ages. The advantages and disadvantages of
using mechanical resistance in an exercise program are noted
in Box 6.16.

Application in Rehabilitation
Programs
Mechanical resistance exercise is commonly implemented
in rehabilitation programs to eliminate or reduce deficits in
muscular performance caused by an array of pathological

conditions and to restore or improve functional abilities.
Guidelines for integration of mechanical resistance exer-
cises into an individualized rehabilitation program for 
patients with specific conditions are detailed in Chapters 16
through 23.

Application in Fitness 
and Conditioning Programs
There is general consensus that training with weights or
other forms of mechanical resistance is an important com-
ponent of comprehensive health and fitness programs. As
in rehabilitation programs, resistance training complements
aerobic training and flexibility exercises in conditioning and
fitness programs. Guidelines for a balanced resistance train-
ing program for the healthy but untrained adult (less than
50 to 60 years of age) recommended by the ACSM6,8 and the
CDC35 are summarized in Box 6.17.

NOTE: Special considerations for resistance exercises in the
older adult population are presented in Chapter 24.
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BOX 6.16 Mechanical Resistance Exercise:
Advantages and Disadvantages

Advantages
■ Establishes a quantitative baseline measurement of muscle

performance against which improvement can be judged.
■ Most appropriate during intermediate and advanced

phases of rehabilitation when muscle strength is 4/5 or
greater or when the strength of the patient exceeds the
therapist’s strength.

■ Provides exercise loads far beyond that which can be
applied manually by a therapist to induce a training effect
for already strong muscle groups.

■ Provides quantitative documentation of incremental
increases in the amount of resistance.
■ Quantitative improvement is an effective source of

motivation for the patient.
■ Useful for improving dynamic or static muscular strength.
■ Adds variety to a resistance training program.
■ Practical for high-repetition training to improve muscular

endurance.
■ Some equipment provides variable resistance through 

the ROM.
■ High-velocity resistance training is possible and safe with

some forms of mechanical resistance (hydraulic and
pneumatic variable resistance machines, isokinetic units,
and elastic resistance).
■ Potentially better carryover to functional activities than

relatively slow-velocity manual resistance exercises.
■ Appropriate for independent exercise in a home program

after careful patient education and a period of supervision.

Disadvantages
■ Not appropriate when muscles are very weak or soft

tissues are in the very early stages of healing, with the
exception of some equipment that provides assistance,
support, or control against gravity.

■ Equipment that provides constant external resistance
maximally loads the muscle at only one point in the ROM.

■ No accommodation for a painful arc (except with hydraulic,
pneumatic, or isokinetic equipment).

■ Expense for purchase and maintenance of equipment.
■ With free weights and weight machines, gradation in

resistance is dependent on the manufacturer’s increments
of resistance.

BOX 6.17 Summary of Guidelines for
Resistance Training in Conditioning
Programs for Healthy Adults 
(<50–60 years old)

■ Prior to resistance training, perform warm-up activities
followed by flexibility exercises.

■ Perform dynamic exercises through the full, available, and
pain-free ROM and target the major muscle groups of the
body (approximately 8–10 muscle groups of the upper 
and lower extremities and trunk) for total body muscular
fitness.

■ Balance flexion-dominant (pulling) exercises with
extension-dominant (pushing) exercises.

■ Include both concentric (lifting) and eccentric (lowering)
muscle contractions.

■ Intensity: Perform moderate-intensity (60% to 80% of 1-RM)
exercises that allow 8 to 12 repetitions of each exercise
per set.
■ Increase intensity gradually (increments of approximately

5% of 1-RM) to progress the program as strength and
muscular endurance improve.

■ Sets: Two sets, progressing to four sets of each exercise.
■ Rest intervals: 2 to 3 minutes between sets. While resting

one muscle group, exercise a different muscle group.
■ Frequency: Two to three times per week.
■ Use slow to moderate speeds of movement.
■ Use rhythmic, controlled, non-ballistic movements.
■ Exercises should not interfere with normal breathing.
■ Whenever possible, train with a partner for feedback and

assistance.
■ Cool-down after completion of exercises.
■ Reduce the resistance and volume when reinitiating weight

training after a layoff of more than 1 to 2 weeks.
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Special Considerations for Children
and Adolescents 
Resistance Training
There is growing evidence that children and adolescents can
achieve health-related benefits from resistance training and
can safely engage in weight-training programs if designed ap-
propriately and closely supervised.6,36,114,119,253 Use of body
weight as a source of resistance and equipment specifically
designed to fit children and adolescents will contribute to pro-
gram safety (Fig. 6.43).

Training-induced strength, power, and performance gains
in children and adolescents have been documented,83,85,119,281

but sport-related injury prevention remains question-
able.83,281 As with adults, information on the impact of
strength training on the enhancement of functional motor
skills is limited.

The American Academy of Pediatrics,5 ACSM,6 the
Canadian Society for Exercise Physiology,20 and the CDC36

support youth involvement in resistance training—but only
if a number of special guidelines and precautions are con-
sistently followed. Although the risk of injury from resist-
ance training is quite low if performed at an appropriate
intensity and volume,86,253 exercise-induced soft tissue 
or growth plate injuries have been noted if guidelines and
precautions are not followed. Guidelines and special 
considerations for resistance training in children as a com-
ponent of regular physical activity are summarized in 
Box 6.18.5,6,36,83,84,114,253 Consistent with adult guidelines, a
balanced program of dynamic exercise for major muscle
groups includes warm-up and cool-down periods.

Specific Resistance Training
Regimens

As resistance training gained acceptance, many specific sys-
tems of exercise were developed to improve muscle strength,
power, and endurance. All of these systems are based on the
overload principle, and most use some form of mechanical
resistance to load the muscle. The driving force behind the
development of these regimens seems to be to design the
“optimal”—that is, the most effective and efficient—
method to improve muscular performance and functional
abilities.

Several frequently used regimens of resistance training for
rehabilitation and for fitness and conditioning programs—
PRE, circuit weight training, and velocity spectrum isokinetic
training—are presented in this section. Some approaches to
advanced training, such as plyometric exercises (stretch-
shortening drills) to develop muscle power, are presented in
Chapter 23.

Progressive Resistance Exercise
PRE is a system of dynamic resistance training in which a con-
stant external load is applied to the contracting muscle by
some mechanical means and incrementally increased. The
RM is used as the basis for determining and progressing the
amount of resistance used during training.

 FOCUS ON EVIDENCE
The results of countless studies have demonstrated that PRE
improves the force-generating capacity of muscle and may
improve physical performance. It is important to note that
the participants in many of these studies were young, healthy
adults rather than patients with impairments associated with
injury and disease. 

However, a systematic literature review254 indicated that PRE
was also beneficial for patients with a variety of pathological
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FIGURE 6.43 Youth resistance training on Kids-N-Motion® equip-
ment (Triceps-Dip), specifically designed and sized for a child’s 
use. (Courtesy of Youth Fitness International, Moncks Corner, SC;
www.youthfit.com/.)

 FOCUS ON EVIDENCE
Research has shown that some acute and chronic responses
to exercise in children are similar to those of adults, while
other responses are quite different. For example, because of
an immature thermo-regulation system, children dissipate
body heat less easily, fatigue more quickly, and therefore need
longer rest periods than young adults to recover from exer-
cise.73,281 Such differences in response to resistance exercise
must be considered when designing and implementing
strength training programs for children.
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conditions including musculoskeletal injuries, osteoarthritis, 
osteoporosis, hypertension, adult-onset (type II) diabetes, and
chronic obstructive pulmonary disease. Specific findings 
of some of the studies identified in this systematic review are
presented in later chapters of this textbook.

Delorme and Oxford Regimens
The concept of PRE was introduced by DeLorme,60,61 who
originally used the term heavy resistance training60 and later
load-resisting exercise61 to describe a new system of strength
training. DeLorme proposed and studied the use of three sets
of resistance training with progressive loading during each
set, using a percentage of a 10-RM. Other investigators288

developed a modified regimen, the Oxford technique, with
regressive loading in each set (Table 6.10).

The DeLorme technique builds a warm-up period into the
protocol, whereas the Oxford technique decreases the resistance

226 Specific Resistance Training Regimens

as the muscle fatigues within a session. Both regimens incor-
porate a rest interval between sets, both increase the resistance
incrementally over time to apply progressive overload, and both
have been shown to result in training-induced strength gains.

 FOCUS ON EVIDENCE
In a randomized study comparing the DeLorme and Oxford
regimens, no significant difference was found in adaptive
quadriceps muscle group strength gains in older adults after
a 9-week exercise program.91

Many variations of PRE protocols have been proposed and
studied since the DeLorme and Oxford systems were intro-
duced, most aiming to determine the optimal intensity, num-
ber of repetitions and sets, frequency, and progression of
loading. In reality, an ideal combination of these variables does
not exist. Extensive research has shown that many combina-
tions of exercise load, repetitions and sets, frequency, and rest
intervals significantly improve strength.16,95,163 The typical
PRE program produces training-induced strength gains using
2 to 3 sets of 6 to 12 repetitions of a 6- to 12-RM.8,16,95,162,163

This gives a therapist wide latitude when designing an effective
resistance training program.

DAPRE Regimen
Knowing when and by how much to increase the resistance
in a PRE program is often imprecise and arbitrary. A common
guideline is to increase the weight by 5% to 10% when all 

BOX 6.18 Resistance Training for Children: Guidelines and Special Considerations

■ No formal resistance training for children younger than 6 to 
7 years of age; age-appropriate physical activity through
organized and free play is recommended.

■ At age 6 to 7, introduce the concept of an exercise session;
encourage 60 or more minutes of moderate-intensity physical
activity daily;36 focus on aerobic activities (active exercises
without weights).
■ Include weight-bearing exercises, such as push-ups and

jumping activities for bone strengthening 3 days per week.
■ Emphasize a variety of short-duration, play-oriented

exercises to prevent boredom, overheating, and muscle
fatigue.

■ As a small portion of daily physical activity, perform muscle-
strengthening exercises against the resistance of body
weight (sit-ups, chin-ups). Postpone including exercises with
light weights added for several years.

■ When introducing weight-training in the prepubescent years:
■ Maintain close and continuous supervision by trained

personnel or a parent who has received instruction.
■ Always perform warm-up activities for at least 5 to 10 minutes

before initiating resistance exercises.
■ Focus on proper form, exercise technique, and safety

(alignment, stabilization, and controlled/nonballistic
movements).

■ Emphasize low-intensity exercise throughout childhood to
avoid potential injury to a child’s growing skeletal system
and to joints and supportive soft tissues.

■ Emphasize adequate hydration.
■ Intensity: Select low exercise loads that allow 8 to 157,83

repetitions.
■ Progress gradually to moderate-intensity (60% to 80% of an

estimated 1-RM) exercise loads.
■ Do not use near-maximal or maximal exercise loads or

participate in power lifting or body building until physical and
skeletal maturity has been reached.

■ Sets and rest intervals: Initially perform only one set, progressing
to two to three sets of each exercise; rest at least 3 minutes
between sets of exercises.

■ Frequency: Limit the frequency of resistance training to no
more than two sessions per week.

■ Emphasize multi-joint, combined movements.
■ Avoid or limit the use of eccentric resistance exercises.
■ Initially progress resistance training by increasing repetitions,

not resistance, or by increasing the total number of exercises.
Later, increase weight by no more than 5% at a time.6,83

■ Use properly fitting equipment that is designed or can be
adapted for a child’s size. Many weight machines cannot be
adequately adjusted to fit a child’s stature.

TABLE 6.10 Comparison of Two PRE Regimens

DeLorme Regimen Oxford Regimen

Determination of a 10-RM

10 reps @ 50% of the 10-RM

10 reps @ 75% of the 10-RM

10 reps @ 100% of the 10-RM

Determination of a 10

10 reps @ 100% of the 10

10 reps @ 75% of the 10

10 reps @ 50% of the 10
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prescribed repetitions and sets can be completed easily with-
out significant fatigue. The Daily Adjustable Progressive Re-
sistive Exercise (DAPRE) technique157,158 is a more systematic
and objective system that takes into account the different rates
at which individuals progress during rehabilitation or condi-
tioning programs. The system is based on a 6-RM working
weight (Table 6.11). The adjusted working weight, which is
based on the maximum number of repetitions possible using
the working weight in Set #3 of the regimen, determines the
working weight for the next exercise session (Table 6.12).

NOTE: It should be pointed out that the recommended in-
creases or decrease in the adjusted working weight are based
on progressive loading of the quadriceps muscle group.

Circuit Weight Training
Another system of mechanical resistance training that has
been developed is circuit weight training.19,32,163 A pre-
established sequence or circuit of exercises targeting major
muscle groups is performed in succession at individual 
exercise stations. Typically, minimal rest is provided be-
tween the 8 to 12 individual circuit stations, which add car-
diovascular system conditioning to the strengthening
program. An example of a circuit weight training sequence
is shown in Box 6.19.

TABLE 6.11 DAPRE Technique

Sets Repetitions Amount of Resistance

1 10 50% 6-RM*

2 6 75% 6-RM

3 Maximum possible 100% 6-RM

4 Maximum possible 100% adjusted working 
weight**

*6-RM = working weight
**See Table 6.13 for calculation of the adjusted working weight.

TABLE 6.12 Calculation of the Adjusted Working
Weight for the DAPRE Regimen

Adjustment of Working Weight

Repetitions 
in Set 3

0–2

3–4

5–6

7–10

11 or more

Set 4

↓ 5–10 lb

↓ 0–5 lb

Keep same weight

↑ 5–10 lb

↑ 10–15 lb

Next exercise
session 3

↓ 5–10 lb

Same weight

↑ 5–10 lb

↑ 5–15 lb

↑ 10–20 lb

Each resistance exercise is performed at an exercise sta-
tion for a specified number of repetitions and sets. Typi-
cally, intensity (resistance) is lower and repetitions are
higher than in other forms of weight training. For example,
two to three sets of 8 to 12 repetitions at 90% to 100% 
10-RM or 10 to 20 repetitions at 40% to 50% 1-RM are per-
formed,9,184 with a minimum amount of rest (15 to 20 sec-
onds) between sets and stations. The program is progressed
by increasing the number of sets or repetitions, the resist-
ance, the number of exercise stations, and the number of
circuit revolutions.

Exercise order is an important consideration when setting
up a weight training circuit.15,32,162 Exercises with free weights
or weight machines should alternate among upper extremity,
lower extremity, and trunk musculature and between muscle
groups involved in pushing or pulling actions. This enables
one muscle group to rest and recover from exercise while 
exercising another group so that muscle fatigue is minimized.
Ideally, larger muscle groups should be exercised before
smaller muscle groups. Multijoint exercises that recruit 
multiple muscle groups should be performed before exercises
that recruit an isolated muscle group to minimize the risk of
injury from fatigue.

Isokinetic Regimens
It is well established that isokinetic training improves 
muscle performance, but its effectiveness in carryover 
to functional tasks is less clear. Studies support78,193 and 
refute121,221 that isokinetic training improves function. 
Ideally, when isokinetic training is implemented in a reha-
bilitation program, it should be performed at velocities that
closely match or at least approach the expected velocities
of movement of specific functional tasks to have the most
positive impact on function. Because many functional
movements occur at a variety of medium to fast speeds, 
isokinetic training typically is performed at medium and
fast velocities.4,53,58,76

Current isokinetic technology makes it possible to align
training speeds to the movement velocities of some lower 
extremity functions such as walking.53,283 This is less possible
in the upper extremities where some functional movements
occur at velocities that far exceed the capabilities of isokinetic
dynamometers.76 For example, overhead throwing velocities
are well beyond 1000° per second.

It is also widely accepted that isokinetic training is relatively
speed specific, with only limited transfer of training.142,260

BOX 6.19 Example of a Resistance Training
Circuit

Station #1: Bench press → #2: Leg press or squats →
#3: Sit-ups → #4: Upright rowing → #5: Hamstring curls →
#6: Prone trunk extension → #7: Shoulder press → #8: Heel
raises → #9: Push-ups → #10: Leg lifts or lowering
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Therefore, speed-specific isokinetic training matched to the 
velocity of a specific functional task is advocated.4,55,76

Velocity Spectrum Rehabilitation
To deal with the problem of limited physiological overflow of
training effects from one training velocity to another, a regimen
called velocity spectrum rehabilitation (VSR) has been advo-
cated.53,76,95 With this system of training, isokinetic exercises
are performed across a range of angular velocities.240

NOTE: The guidelines for VSR that follow are for concentric
isokinetic training. General guidelines for eccentric isokinetics
are identified at the conclusion of this section.

Selection of training velocities. Typically, medium (60° or
90° to 180° per second) and fast (180° to 360° per second) 
angular velocities are selected for VSR. Although isokinetic
units are designed for velocities faster than 360° per second,
they are not used for VSR training because the limb must 
accelerate to the preset speed before encountering resistance
from the torque arm of the dynamometer. At very high
speeds, this acceleration phase consumes most of the arc of
motion so that resistance is met in only a small portion of the
ROM, limiting the potential for benefit.

It is proposed that the effects of isokinetic training only
carry over to movements that are within 15° to 30° per second
of the training velocity.53,142 Therefore, some protocols use
30° per second increments for VSR training. Of course, if 
a patient trains at medium and fast velocities (from 60° or 
90° to 360° per second) in one exercise session, this strategy
necessitates nine different training velocities for one agonist/
antagonist muscle pair, giving rise to a time-consuming exer-
cise session. For this reason, a more common protocol is to
use as few as three training velocities.4,76,240

Repetitions, sets, and rest. A typical VSR protocol might have
the patient perform 1 or 2 sets of 8 to 10 repetitions of
agonist/antagonist muscle groups (reciprocal training) at mul-
tiple velocities.4,53,76 For example, at medium velocities training
could occur at 90°, 120°, 150°, and 180° per second. A second
series would then be performed at decreasing velocities—180°,
150°, 120°, and 90° per second. Because many combinations 
of repetitions, sets, and different training velocities lead to 
improvement in muscle performance, the therapist has many
options when designing a VSR program. A 15- to 20-second
rest between sets and a 60-second rest between exercise veloc-
ities is recommended.245 The suggested frequency for VSR is a
maximum of three times per week.4

Intensity. Submaximal effort exercise on the dynamometer
can be used for a brief warm-up period. However, this is not
a replacement for a more general form of upper or lower body
warm-up exercises, such as cycling or upper-extremity ergom-
etry. When training to improve endurance, exercises are 
carried out at a submaximal intensity (effort) but to improve
strength or power, maximal intensity exercise is used.

During the early stages of isokinetic training, it is useful 
to begin with submaximal intensity exercise at medium and
slow velocities so the patient gets the “feel” of the device while
protecting the muscle. As the training program progresses, it
is usually safe for the patient to exert maximum effort at
medium speeds. Slow-velocity training is eliminated when the
patient begins to exert maximum effort. During the advanced
phase of rehabilitation, training with maximum-effort at fast
velocities is emphasized as long as exercises are pain-free.58

Additional aspects to a progression of isokinetic training reg-
imens include short-arc to full-arc exercises and concentric
to eccentric movements.58

PRECAUTION: Training with maximum effort at slow veloci-
ties is rarely indicated because of the excessive shear forces
produced across joint surfaces.53,76

Eccentric Isokinetic Training: Special
Considerations
Because eccentric isokinetic training became available more
gradually as technology evolved, there is less guidance on exer-
cise parameters and minimal evidence supporting its efficacy.
Most current guidelines are based on clinical opinion or anec-
dotal evidence. Key differences in eccentric versus concentric
isokinetic guidelines are listed in Box 6.20. Several resources
describe pathology-specific guidelines for eccentric isokinetic
training based on clinical experience.4,53,76,115,116

PRECAUTION: Eccentric isokinetic training is appropriate
only during the final phase of a rehabilitation program, when
additional challenge to individual muscle groups is needed due
to persistent strength and power deficits. Because eccentric
isokinetic training may not accurately match the functional
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BOX 6.20 Key Differences in Eccentric Versus
Concentric Isokinetic Training

Eccentric isokinetic exercise is:

■ Introduced only after maximal effort concentric isokinetic
exercise can be performed without pain at several
velocities

■ Implemented only after functional ROM has been restored
■ Performed at slower velocities across a narrower velocity

spectrum than concentric isokinetic exercise—usually
between 60° and 120°/sec per second for the general
population and up to 180°/sec for athletes

■ Carried out at submaximal levels for a longer time frame
to avoid extensive torque production and lessen the risk
of DOMS

■ Most commonly performed in a continuous concentric-
eccentric pattern for a muscle group during training,
whereas concentric isokinetics involves reciprocal training
of agonist/antagonist muscle groups
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way in which eccentric contractions occur, medium training
velocities are considered safer than fast velocities. Sudden,
rapid, motor-driven movements of the dynamometer’s torque
arm against a limb could injure healing tissue.

Equipment for Resistance
Training

There is a large variety of resistance training exercise equip-
ment available on the market. The equipment ranges from
simple to complex, compact to space-consuming, and inex-
pensive to expensive. An assortment of simple but versatile
handheld and cuff weights or elastic resistance products 
is useful in clinical and home settings, whereas multiple
pieces of variable resistance equipment may be useful for
advanced-level resistance training. The literature distributed
by manufacturers, product demonstrations at professional
meetings, and studies of these products reported in the re-
search literature are the main sources of information about
new products on the market.

Although most equipment is load resisting (augments
the resistance of gravity), a few pieces of equipment can be
adapted to be load assisting (eliminates or diminishes the

resistance of gravity) to improve the strength of weak 
muscles. Equipment can be used for static or dynamic, 
concentric or eccentric, and open-chain or closed-chain 
exercises to improve muscular strength, power, or endurance,
neuromuscular stability or control, as well as cardiopul-
monary fitness.

Ultimately, the right equipment choice depends on the
needs, abilities, and goals of the person using the equipment.
Other factors that influence equipment choice are the avail-
ability, the cost of purchase and/or maintenance, the ease 
of use, the versatility, and the space requirements. Once the 
appropriate equipment has been selected, its safe and effective
use is the highest priority. General principles for equipment
use are listed in Box 6.21.

Free Weights and Simple 
Weight-Pulley Systems
Types of Free Weights
Free weights are incremental weights that are held in the hand
or secured to an extremity or the trunk. They include commer-
cially available dumbbells, barbells, weighted balls (Fig. 6.44),
cuff weights, weighted vests, and even sandbags. Free weights
can even be fashioned from readily available materials and 
objects for use in a home exercise program.
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BOX 6.21 General Principles for the Selection and Use of Equipment

■ Base the selection of equipment on a comprehensive
examination and evaluation of the patient.

■ Determine when in the exercise program the use of
equipment should be introduced and when it should be
altered or discontinued.

■ Determine if the equipment can or should be set up and 
used independently by a patient.

■ Teach appropriate exercise form and technique with the
equipment before adding resistance.

■ Teach and supervise the application and use of the
equipment before allowing a patient to use the equipment
independently.

■ Adhere to all safety precautions when applying and using
equipment.
■ Be sure all attachments, cuffs, collars, and straps are

secured and that the equipment is appropriately adjusted 
to the individual patient prior to the exercise.

■ Apply padding for comfort, if necessary, especially over 
bony prominences. Stabilize or support appropriate
structures to prevent unwanted movement and undue
stress on body parts.

■ If exercise machines are used independently, be certain 
that set-up and safety instructions are clearly illustrated 
and affixed directly to the equipment.

■ Use available range-limiting attachments when ROM 
must be restricted to protect healing tissues or unstable
structures.

■ Give explicit instructions on how, when, and to what extent 
to change or adapt the equipment to provide a progressive
overload when the patient is using the equipment in a home
program.

■ When transitioning from one type of resistance equipment
to another, be certain that the newly selected equipment
and method of set-up provides a similar level of torque
production to the prior equipment to avoid insufficient or
excessive loads.

■ When the exercise has been completed:
■ Disengage the equipment and leave it in proper condition for

future use.
■ Never leave broken or potentially hazardous equipment

available for future use.
■ Set up a regular routine of maintenance, replacement, or

safety checks for all equipment.
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Simple Weight-Pulley Systems
Free-standing or wall-mounted simple weight-pulley systems
are commonly used for resisted upper and lower extremity or
trunk exercises (Fig. 6.45). Permanent or interchangeable
weights are available. Permanent systems typically have stacks

of individual weight plates in 5- to 10-lb increments. The
amount of resistance used for exercise can be easily adjusted
by selecting a certain number of stacked plates with the place-
ment of a single weight key or pin.

NOTE: The simple weight-pulley systems described here are
those that impose a relatively constant (fixed) load. Variable re-
sistance weight machines, some of which incorporate pulleys
into their designs, are discussed later in this section.

Characteristics of Free Weights and Simple
Weight-Pulley Systems
Free weights and weight-pulley systems impose a constant load.
In these systems the external resistance maximally challenges
the contacting muscle at only one portion of the ROM, which
depends on the patient’s positioning. The weight that is selected
for exercise cannot be greater than what the muscle can control
at this particular point in the ROM. In addition, there is no 
accommodation for a painful arc if the patient needs to reduce
their internal effort at some point in the ROM.

When using free weights, it is possible to vary the point in
the ROM at which the maximum exercise load is experienced
by changing the patient’s position with respect to gravity or
the direction of the resistance load. For example, shoulder
flexion may be resisted with the patient standing or supine
and holding a weight in the hand.

■  Patient position: standing (Fig. 6.46)—Maximum resistance
is experienced and maximum external torque is produced
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FIGURE 6.44 (A & B) Holding a weighted ball while performing
combined patterns of movement provides resistance to upper extrem-
ity and trunk muscles and augments the resistance of body weight to
lower extremity muscle groups during weight-bearing activities.

FIGURE 6.45 Multi-Exercise Pulley Unit can be used to strengthen a
variety of muscle groups. (Courtesy of N–K Products Company, Inc.,
Soquel, CA.)

A

B
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when the shoulder is at 90° of flexion. No torque is pro-
duced by the weight when the shoulder is at 0° of flexion.
External torque progressively decreases as the patient lifts
the weight from 90° to 180° of flexion. In addition, when
the weight is at the side (in the 0° position of the shoulder),
it causes traction force on the extremity; when overhead,
it causes compression force through the upper extremity
joints. 

■  Patient position: supine (Fig. 6.47)—Maximum resistance
is experienced and maximum external torque is produced
when the shoulder is at 0° of flexion. No torque is produced

by the weight at 90° of shoulder flexion. In this position 
the load creates a compression force on the extremity. The
shoulder flexors are not active between 90° and 180° of
shoulder flexion. Instead, the shoulder extensors contract
eccentrically to control the descent of the arm and weight. 

The therapist must determine at which portion of the 
patient’s ROM maximum strength is needed and then choose
the optimum position in which the exercise should be per-
formed to gain maximum benefit from the exercise.

Simple weight-pulley systems provide maximum resist-
ance when the angle of the pulley is at right angles to the mov-
ing bone. As the angle of the pulley becomes more acute, the
load creates more compression through the moving bones
and joints and offers less effective resistance.

Unlike many weight machines, neither free weights nor
pulleys provide external stabilization. When a patient lifts or
lowers a weight to and from an overhead position, muscles of
the scapula and shoulder abductors, adductors, and rotators
must synergistically contract to stabilize the arm and keep it
aligned in the correct plane of motion. The need for concur-
rent contraction of adjacent stabilizing muscle groups can be
viewed as an advantage or a disadvantage. Because muscular
stabilization is necessary to control the plane or pattern of
movement, less external resistance can be controlled with free
weights than can be managed with a weight machine that 
offers stabilization.

Advantages and Disadvantages of Free
Weights and Simple Weight-Pulley Systems
■  Exercises can be performed in many positions, including

supine, side-lying, prone, sitting, or standing. Many muscle
groups in the extremities and trunk can be strengthened
by simply repositioning the patient.

■  Free weights and simple weight-pulley systems are typically
used for dynamic, nonweight-bearing exercises but also can
be set up for isometric exercise and resisted weight-bearing
activities.

■  Stabilizing muscle groups are recruited; however, because
there is no external source of stabilization and movements
must be controlled entirely by the patient, it may take more
time for the patient to learn correct alignment and move-
ment patterns.

■  Many movement patterns are possible, incorporating single
plane or multiplanar motions. An exercise can be highly
specific to one muscle or generalized to several muscle
groups. Movement patterns that replicate functional activ-
ities can be resisted.

■  If a large enough assortment of graduated free weights is
available, resistance can be increased by very small incre-
ments. The weight plates of pulley systems have larger in-
crements of resistance, usually a minimum of 5 pounds
per plate.

■  Most exercises with free weights and weight-pulley systems
must be performed slowly to minimize acceleration and
momentum and prevent uncontrolled, end-range move-
ments that could compromise patient safety. It is thought
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FIGURE 6.46 When the patient is standing and lifting a weight: 
(A) Zero torque is produced in the shoulder flexors when the 
shoulder is at 0° of flexion; (B) maximum torque is produced when
the shoulder is at 90° of flexion; and (C) torque again decreases as
the arm moves from 90° to 180° of shoulder flexion.

FIGURE 6.47 When the patient is supine and lifting a weight: 
(A) Maximum torque is produced at 0° of shoulder flexion; (B) zero
torque is produced at 90° of shoulder flexion; and (C) the shoulder
extensors are active and contract eccentrically against resistance
from 90° to 180° of shoulder flexion.
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that exclusively performing slow movements during
strengthening activities has less carryover to many daily 
living activities compared with incorporating both slow-
and fast-velocity exercises. 

■  Dumbbells and barbells that allow adjustable resistance
through interchangeable plates are versatile and can be
used for patients with many different levels of strength,
but they require patient or personnel time for proper 
assembly.

■  Bilateral lifting exercises with barbell weights often require
the assistance of a spotter to ensure patient safety, thus in-
creasing personnel time.

Variable Resistance Units
Variable resistance exercise equipment falls into two broad
categories: specially designed weight-cable (weight-pulley)
machines and hydraulic and pneumatic units. Both categories
of equipment impose a variable load on the contracting mus-
cles consistent with the changing torque-producing capabil-
ities of the muscles throughout the available ROM.

Variable Resistance Weight-Cable Systems
Variable resistance weight-cable machines (Fig. 6.48) use a cam
(an elliptical or kidney-shaped disk) in their design. The cam
is designed to vary the load (torque) applied to the contracting
muscle even though the weight remains constant. In theory,
the cam is configured to match the torque output of the con-
tracting muscle. This system varies the external load imposed
on the contracting muscle based on the physical dimensions
of the “average” individual. How effectively this design pro-
vides truly accommodating resistance throughout the full
ROM is debatable.

During each repetition of an exercise, the same muscle
group contracts both concentrically and eccentrically to
manage the external resistance. As with simple weight-pulley
systems and free weights, exercises must be performed at 

relatively slow velocities, thus compromising carryover to
many functional activities.

Hydraulic and Pneumatic Resistance Devices
Other variable resistance units employ hydraulic or pressur-
ized pneumatic resistance to vary the resistance throughout
the ROM. Fluid or air contained in a cylinder is forced
through a small opening by a piston. The faster the piston is
pushed, the greater the resistance encountered.

These devices allow concentric, reciprocal muscle work to
agonist and antagonist muscle groups and, in some machines,
provide concentric resistance followed by controlled eccentric
return through the ROM. Patients can exercise safely at
medium and, to some extent, fast velocities. These units also
allow a patient to accommodate for a painful arc in the ROM.

Advantages and Disadvantages of Variable
Resistance Machines
■   The obvious advantage of these machines is that the resist-

ance is adjusted in an attempt to match a muscle’s torque-
generating capabilities throughout the ROM. The contracting
muscle is subjected to near maximal loads at multiple points
in the ROM rather than just through one small portion of
the range.

■  Most pieces of equipment are designed to isolate and exer-
cise specific muscle groups. For example, resisted squats are
performed on one machine and hamstring curls on an-
other. Consequently, numerous units are needed to exercise
all major muscles groups.

■  Unlike functional movement, most machines allow only
single-plane movements, although some newer units now
offer a dual-axis design allowing multiplanar motions that
strengthen multiple muscle groups and more closely re-
semble functional movement patterns.

■  The equipment is adjustable to allow individuals of varying
heights to perform each exercise in a well-aligned position.

■  Each unit provides substantial external stabilization to
guide or limit movements. This makes it easier for the pa-
tient to learn how to perform the exercise correctly and
safely and helps maintain appropriate alignment without
assistance or supervision.

■  One of the main disadvantages of weight machines is the
initial expense and ongoing maintenance costs. Multiple
machines, usually 8 to 10 or more, must be purchased to
target multiple major muscle groups. Multiple machines
also require a large amount of space in a facility.

Elastic Resistance Devices
Elastic resistance products are widely used in rehabilitation
and have been shown to be an effective method of provid-
ing sufficient resistance to improve muscle strength.139

Resistance training with elastic products is also a feasible
alternative to training with weight machines44 and free
weights,11 generating comparably high levels of muscle 
activation during exercises.
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FIGURE 6.48 Variable resistance by means of a cam mechanism 
in the weight-pulley system is applied to concentric and eccentric
contractions of the hamstrings as the knees flex and extend.
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Quantitative analysis of the resistance supplied by elastic
products or the level of muscle activation during their 
use suggests that their effectiveness requires not only the
application of biomechanical principles, but also an under-
standing of the physical properties of elastic resistance 
material.130,131,140,145,214,216,232,257

Types of Elastic Resistance
Elastic resistance products, specifically designed for use dur-
ing exercise, fall into two broad categories: elastic bands and
elastic tubing. Elastic bands and tubing are produced by sev-
eral manufacturers under different product names, the most
familiar of which is Thera-Band® Elastic Resistance Bands and
Tubing (Hygenic Corp., Akron, OH). Both types of products
are available in an assortment of thicknesses or diameters that
provide progressive levels of resistance. Color-coding denotes
the thickness of the product and grades of resistance.

Properties of Elastic Resistance: Implications
for Exercise
A number of studies describing the physical characteristics of
elastic resistance have provided quantitative information
about its material properties. Knowledge of this information
enables a therapist to use elastic resistance more effectively
for therapeutic exercise programs.

Effect of elongation of elastic material. Elastic resistance
provides a form of variable resistance because the force gen-
erated changes as the material is elongated. Specifically, as it is
stretched, the amount of resistance (force) produced by an
elastic band or tubing increases depending on the relative
change in the length of the material (percentage of elongation/
deformation) from the start to the end of elongation. There 
is a relatively predictable and linear relationship between 
the percentage of elongation and the tensile force of the 
material.131,140,145,216,232

To determine the percentage of elongation, the stretched
length must be compared with the resting length of the elastic
material. The resting length of a band or tubing is its length
when it is laid out flat and there is no stretch applied. The ac-
tual length of the material before it is stretched has no effect
on the force imparted. Rather, it is the percentage of elonga-
tion that affects the tensile forces.216

The formula for calculating the percentage of elongation/
deformation is:139,232

Percent of elongation = (stretched length – 
resting length) ÷ resting length × 100

Using this formula, if a 2-ft length of red tubing, for ex-
ample, is stretched to 4 feet, the percentage of elongation is
100%. With this in mind, it is understandable why a 1-ft
length stretched to 2 feet (100% elongation) generates the
same force as a 2-ft length of the same color tubing stretched
to 4 feet.214,215

Furthermore, the rate at which elastic material is stretched
does not seem to have a significant effect on the amount of 

resistance encountered.216 Consequently, when a patient is 
performing a particular exercise, so long as the percentage of
elongation of the tubing or band is the same from one repetition
to the next, the resistance encountered is the same regardless of
whether the exercise is performed at slow or fast velocity.

Determination and quantification of resistance. To help
clinicians make decisions about the grade (color) of elastic
material to select for a patient’s exercise program, a number
of studies have quantified the resistance imparted by elastic
bands or tubing.131,140,145,216,232,257 These studies measured
and compared the tensile forces generated by various grades
of elastic bands or tubing in relation to the percentage of elon-
gation of the material. The forces expected at specific percent-
ages of elongation of each grade of bands or tubing can be
calculated by means of linear regression equations. Detailed
specifications about the material properties of one brand of
elastic resistance products, Thera-Band®, are available at
www.thera-bandacademy.com/.

During exercise, the percentage of deformation and result-
ing resistance (force) from the material is not the only factor
that must be considered. The amount of torque (force ×
distance) imposed by the elastic material on the bony lever is
also an important consideration. Just because the tension pro-
duced by an elastic band or tubing increases as it is stretched,
it does not mean that the imposed torque necessarily increases
from the beginning to the end of an exercise. In addition to
the resistance (force) imposed by the elastic material as it is
stretched, the length of the external moment arm will change
as the angle of the elastic resistance vector with respect to the
moving limb will modify the torque generated by the elastic
material.140 Studies have indicated that bell-shaped torque
curves occur during exercises with elastic material, with the
peak torque near midrange.140,215 As in all forms of dynamic
resistance exercise, the length-tension relationship of the con-
tracting muscle also affects its ability to respond to the chang-
ing external load.

Fatigue characteristics. Elastic resistance products tend to
fatigue over time, which causes the material to lose some of
its force-generating property.139 The extent of this material
fatigue is dependent on the number of times the elastic band
or tubing has been stretched (number of stretch cycles) and
the percentage of deformation with each stretch.232

Studies have shown that the decrease in tensile force is sig-
nificant but small, with much of the decrease occurring
within the first 20216 or 50139 stretch cycles. However, in the
former study, investigators found that after this small, initial
decrease in tensile force occurred, there was no appreciable
decrease in the force-generating potential of the tubing after
more than 5,000 cycles of stretch. This translates to perform-
ing 10 repetitions each of 4 different exercises, 3 times a day,
every day for 6 weeks with the same piece of tubing before it
needs replacing.

Elastic materials also display a property called viscoelastic
creep. If a constant load is placed on elastic material, in time
it becomes brittle and eventually ruptures. Environmental
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conditions, such as heat and humidity, also affect the force-
generating potential of elastic bands and tubing.139

Application of Elastic Resistance

Selecting the appropriate grade of material. The thickness
(stiffness) of the material affects the level of resistance. Heav-
ier grades of elastic generate greater tension when stretched
and, therefore, impart greater levels of resistance.131,139,232 As
already noted, corresponding levels of resistance have been
published for the different grades of bands and tubing. Ther-
apists and patients should be aware that color-coding schemes
and their corresponding levels of resistance might not be con-
sistent across manufacturers. 

 FOCUS ON EVIDENCE
In a study257 comparing similar colors and lengths of Thera-
Band® and Cando tubing (Cando Fabrication Enterprises, White
Plains, NY), investigators measured (by means of a strain gauge)
the forces generated under similar conditions. They found no
appreciable differences between the two products except for the
thinnest (yellow) and thickest (silver/grey) grades. In those 
two grades the Cando tubing produced approximately 30% to
35% higher levels of force than the Thera-Band® product. 
Despite these small differences, investigators suggested that it is
prudent to use the same product with the same patient.

Selecting the appropriate length. Elastic bands or tubing
come in large rolls and can be cut to length for the specific
exercise to be performed and the height of a patient or the
length of the extremities. The length of the elastic material
should be sufficient to attach it securely at both ends. It should
be taut but not stretched (resting length) at the beginning 
position of an exercise.

Because the percentage of elongation of the material af-
fects the tension produced, it is essential that the same length
of elastic material is used each time a particular exercise is
performed. Otherwise, the imposed load may vary between
exercise sessions even though the same grade of elastic is used.

Securing bands or tubing. One end of the material is often
tied or attached to a fixed object such as a doorknob, table leg,
or D-ring or can be secured by having the patient stand on it.
The other end is then grasped or fastened to a nylon loop,
which is then placed around a limb segment. The elastic ma-
terial can also be secured to a harness on a patient’s trunk for
resisted walking activities. The material can also be held in
both hands or looped under both feet for bilateral exercise.
Figure 6.49 A, B, and C depicts upper or lower extremity and
trunk strengthening activities using elastic resistance.

Setting up an exercise. With elastic resistance, the maxi-
mum external resistance torque occurs when the material is
on a stretch and angled 90° to the lever arm (moving bone).
The therapist should determine the limb position at which
maximum resistance is desired during the exercise and then

secure the elastic material so that a right angle is formed 
between the material and limb at that position. When the 
material is at an acute angle to the moving bone, there is less
resistance but greater joint compressive force.

It is important to position the patient and elastic material
in the same manner from one exercise session to the next. Each
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FIGURE 6.49 Use of elastic resistance to strengthen (A) upper or
(B) lower extremity or (C) trunk musculature.

A

B

C
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time a patient performs a specific exercise, in addition to using
the same length of elastic material, the relationship between the
patient and the attachment site of the material should be con-
sistent. A resource by Page and Ellenbecker214 describes setups
for numerous exercises using elastic resistance.

Progressing exercises. Exercises can be progressed by in-
creasing the number of repetitions performed with the same
grade of resistance or by using the next higher grade of elastic
band or tubing.

Advantages and Disadvantages of Exercise
With Elastic Resistance

Advantages
■  Elastic resistance products are portable and relatively inex-

pensive, making them an ideal choice for home exercise
programs.

■  Because elastic resistance is not significantly gravity de-
pendent, elastic bands and tubing are extremely versatile,
allowing many combinations of limb and trunk movement
patterns and patient positions.139,140,215

■  It is safe to exercise at moderate to fast velocities with elastic
resistance because the patient does not have to overcome
the inertia of a rapidly moving weight. As such, it is appro-
priate for plyometric training (see Chapter 23).

Disadvantages
■  One of the most significant drawbacks to the use of elastic

resistance is the need to refer to a table of figures for quan-
titative information about the level of resistance for each
color-coded grade of material. This makes it difficult to
know which grade to select initially and to what extent
changing the grade of the band or tubing changes the level
of resistance.

■  As with free weights, there is no source of stabilization or
control of extraneous movements when an elastic band or
tubing is used for resistance. The patient must use muscu-
lar stabilization to ensure that the correct movement pat-
tern occurs.

■  Although the effects of material fatigue are small with typ-
ical clinical use, elastic bands and tubing should be replaced
on a routine basis to ensure patient safety.139,232 When
many individuals use the same precut lengths of bands or
tubing, it may be difficult to determine how much use has
occurred and when replacement is necessary.

■  Some elastic products contain latex, which is a fairly com-
mon allergen, thus eliminating use by some individuals.
However, there are latex-free products on the market at a
relatively comparable cost.

Equipment for Dynamic Stabilization
Training
BodyBlade®

The BodyBlade® (Fig. 6.50) is a dynamic, reactive device that
produces oscillatory resistance proportional to an oscillatory
force generated by the patient.33,177 During exercise, agonist

and antagonist muscle groups rapidly contract in an attempt
to control the instability created by oscillations of the blade.
The greater the amplitude or flex of the blade, the greater 
the resistance. This provides progressive resistance that the
patient controls.

Initially, the oscillating blade is maintained in single posi-
tions in space, particularly those positions in which dynamic
stability is required for functional activities. The patient can
progress the exercises by moving the upper extremity through
various planes of motion (from sagittal to frontal and ulti-
mately to transverse) while maintaining oscillations of the
blade. The goal of this type of resistance is to develop proxi-
mal joint stability as a foundation of controlled mobility.

 FOCUS ON EVIDENCE
Lister and colleagues177 conducted a within-subject trial to
determine the extent of activation of the scapula stabilizing
muscles during upper extremity exercise with three forms of
resistance (a cuff weight, elastic resistance, and a BodyBlade®).
Healthy college athletes (n = 30) performed shoulder flexion
and abduction with each type of equipment as activity in the
upper trapezius, lower trapezius, and serratus anterior mus-
cles was quantified with EMG. The study demonstrated that
significantly greater muscle activity occurred in each of the
three scapular stabilizers during exercises with the blade than
with either the cuff weight or elastic resistance. The investi-
gators recommended use of a blade in shoulder rehabilitation
to develop scapular stability during arm movements.
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FIGURE 6.50 Dynamic stabilization exercises of the upper extrem-
ity and trunk using the BodyBlade®. 
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Swiss Balls (Stability Balls)
Heavy-duty vinyl balls, usually 20 to 30 inches in diameter,
are used for a variety of trunk and extremity stabilization ex-
ercises. Using elastic resistance or free weights while on the
ball increases the difficulty of exercises. Refer to Chapters 16
and 23 for descriptions of a number of dynamic stabilization
exercises using stability balls.

Equipment for Closed-Chain Training
Many closed-chain exercises are performed in weight-bearing
positions to develop strength, endurance, and stability across
multiple joints. Typically, these exercises use partial or full
body weight as the source of resistance. Examples in the lower
extremities include squats, lunges, and step-ups or step-
downs, and in the upper extremities examples include push-
ups, press-ups, and pull-ups. These exercises are progressed
by adding resistance with handheld weights, a weighted belt
or vest, or elastic resistance. Changing from bilateral to uni-
lateral weight bearing (when feasible) also progresses the 
exercise. The following equipment is designed specifically for
closed-chain training to improve muscle performance across
multiple joints.

Body Weight Resistance: Multipurpose
Exercise Systems
The Total Gym® system uses a glide board, which can be set
at 10 incline angles, enabling a patient to perform bilateral or
unilateral closed-chain strengthening and endurance exercises
in positions that range from partially reclining to standing
(Fig. 6.51 A and B). The level of resistance on the Total Gym
apparatus is increased or decreased by adjusting the angle of
the glide board on the incline.

Performing squatting exercises in a semi-reclining position
allows the patient to begin closed-chain training in a partially
loaded (partial weight-bearing) condition early in the reha-
bilitation program. Later, the patient can progress to forward
lunges (where the foot slides forward on the glide board)
while in a standing position.

CLINICAL TIP
The Total Gym® system also can be set up for trunk exercises
and open-chain exercises for the upper or lower extremities.

Slide Boards
The ProFitter® (Fig. 6.52) consists of a moving platform that
slides side to side across an elliptical surface against adjustable
resistance. While it is most often used with the patient stand-
ing for lower extremity rehabilitation, it can also be used for
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FIGURE 6.51 Closed-chain training in the (A) semi-reclining posi-
tion and

FIGURE 6.51 (B) standing position using the Total Gym® system.
(Courtesy of Total Gym®, San Diego, CA.)

FIGURE 6.52 Pro Fitter provides closed-chain resistance to lower
extremity musculature in preparation for functional activities.

A

B
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upper extremity and trunk stability exercises. Medial-lateral
or anterior-posterior movements are possible.

Balance Equipment
A balance board (wobble board) or BOSU® (in the shape of
a half sphere with a flat and round side) is used primarily
for stabilization, proprioceptive, and perturbation training.
Bilateral or unilateral weight bearing through the upper or
lower extremities can be performed on this equipment to
develop strength and stability. Some balance boards, such as
the BAPS (Biomechanical Ankle Platform System) board,
have interchangeable half spheres in several sizes that pro-
gressively increase the difficulty of the balance activity. Refer
to Chapters 8 and 23 for examples of balance activities using
various types of equipment.

Mini-Trampolines (Rebounders)
Mini-trampolines enable the patient to begin gentle, bilateral
or unilateral bouncing activities on a resilient surface to de-
crease the impact on joints. A patient can jog, jump, or hop
in place. “Mini-tramps” that have a waist-height bar attached
to their frame for the patient to hold onto during exercise pro-
vide additional safety.

Reciprocal Exercise Equipment
Similar to other types of equipment that can be used for
closed-chain training, reciprocal exercise devices strengthen
multiple muscle groups across multiple joints. They also are
appropriate for low-intensity, high-repetition resistance train-
ing to improve muscular endurance, reciprocal coordination
of the upper or lower extremities, and cardiopulmonary fit-
ness. They are often used for warm-up or cool-down exercises
prior to or following more intense resistance training. Resist-
ance is imparted by an adjustable friction device or by a hy-
draulic or pneumatic mechanism.

Stationary Exercise Cycles
Upright or recumbent stationary exercise cycles are used to
increase lower extremity strength and endurance. An upright
cycle requires greater patient trunk control and balance than
does a recumbent cycle. A few exercise cycles provide resist-
ance to the upper extremities as well. Resistance can be graded
to progressively challenge the patient. Distance, speed, or du-
ration of exercise can be monitored.

Exercise cycles provide resistance to muscles during repet-
itive, nonimpact, and reciprocal extremity movements. Pas-
sive cycles resist only concentric muscle activity as the patient
performs pushing or pulling movements. Motor-driven exer-
cise cycles can be adjusted to provide eccentric as well as con-
centric resistance. Adjusting the seat placement alters the
ROM that occurs in the lower extremity joints.

Portable Resistive Reciprocal Exercise Units
A number of portable resistive exercisers are effective alternatives
to an exercise cycle for repetitive, reciprocal exercise. One such
product, the Chattanooga Group Exerciser® (Fig. 6.53), can be
used for lower extremity exercise by placing the unit on the floor
in front of a chair or wheelchair. This is particularly appropriate

for a patient who is unable to get on and off an exercise cycle. In
addition, it can be placed on a table for upper extremity exercise.
Resistance can be adjusted to meet the abilities of individual 
patients and to progress the exercise when appropriate.

Stair-Stepping Machines
The StairMaster® (Fig. 6.54) and the Climb Max 2000® are ex-
amples of stepping machines that allow the patient to perform
reciprocal pushing movements against adjustable resistance
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FIGURE 6.53 Resisted reciprocal exercise using the Chattanooga
Exerciser.® (Courtesy of Chattanooga Group, Inc., Hixon, TN.)

FIGURE 6.54 A stepping machine provides resistance during alternat-
ing lower extremity-pushing movements that simulate stair-climbing.
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to make the weight-bearing activity more difficult. Stepping
machines provide nonimpact, closed-chain strengthening as
an alternative to walking or jogging on a treadmill. A patient
can also kneel next to the unit and place both hands on the
foot plates to use this equipment for upper extremity closed-
chain exercises.

Elliptical Trainers and Cross-Country 
Ski Machines
Elliptical trainers and cross-country ski machines also provide
nonimpact, reciprocal resistance to the lower extremities in
an upright, weight-bearing position. Variable incline adjust-
ments of these units expand the resistance options. Both types
of equipment also incorporate reciprocal resistance to the
upper extremities into their designs.

Upper Extremity Ergometers
Upper extremity ergometers provide resistance primarily to
the upper extremities to increase strength and muscular en-
durance (Fig. 6.55). Forward and reverse cycling at varying
speeds is possible. As with stationary cycles, upper extremity
ergometers also are used to improve cardiopulmonary fitness.
Typically the patient is seated, but some ergometers can be
used in a standing position to minimize the arm elevation
necessary with each revolution. This is particularly helpful for
patients with impingement syndromes of the shoulder.

Isokinetic Testing and Training
Equipment
Isokinetic dynamometers (rate-limiting devices that control
the velocity of motion) provide accommodating resistance
during dynamic exercises of the extremities or trunk (see
Fig. 6.9). The equipment supplies resistance proportional to
the force generated by the person using the machine. The
preset rate of movement (degrees per second) cannot be ex-
ceeded no matter how vigorously the person pushes against
the force arm. Therefore, the muscle contracts to its fullest
capacity at all points in the ROM.

Features of Isokinetic Dynamometers
Features include computerized testing capabilities; passive
and active modes that permit open-chain, concentric and 
eccentric testing and training; and velocity settings from 0° per
second for isometric exercise, up to 500° per second for the
concentric mode, and up to 250° per second for the eccentric
mode. Computer programming can limit limb movement to
a specified range. Single-joint, uniplanar, open-chain move-
ments are most common, but adaptations are available that
permit a limited number of multiplanar movement patterns
and multijoint, closed-chain exercises. Reciprocal training of
agonist and antagonist and concentric/eccentric training of
the same muscle group are possible.

Advantages and Disadvantages of Isokinetic
Equipment
The characteristics of isokinetic exercise and equipment have
already been presented in an earlier section of this chapter.
The advantages and disadvantages of isokinetic dynamome-
ters include the following.

Advantages
■  If the patient puts forth a maximum effort, isokinetic

equipment provides maximum resistance through the 
entire ROM.

■  Both high- and low-velocity training can be done safely
and effectively.

■  The equipment accommodates for a painful arc of motion.
■  As a patient fatigues, exercise can still continue.
■  Isolated strengthening of muscle groups is possible to 

correct strength deficits in specific muscle groups.
■  External stabilization keeps the patient and moving seg-

ment well aligned.
■  Concentric and eccentric contractions of the same muscle

group can be performed repeatedly, or reciprocal exercise
of opposite muscle groups can be performed, allowing one
muscle group to rest while its antagonist contracts; the 
latter method minimizes muscle ischemia.

■  Computer-based visual or auditory cues provide feedback
to the patient so submaximal to maximal work can be car-
ried out more consistently.
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FIGURE 6.55 An upper extremity ergometer is used for upper body
strength and endurance training and cardiopulmonary fitness.
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Disadvantages
■  The equipment is large and expensive to purchase and

maintain.
■  Setup time and assistance from personnel are necessary if

a patient is to exercise multiple muscle groups.
■  Most units allow only open-chain (nonweight-bearing)

movement patterns, which do not translate to many lower
extremity and some upper extremity functions.

■  Although functional movements typically occur in com-
bined patterns and at varying velocities, most exercises are
performed in a single plane and at a constant velocity.

■  Although the range of concentric training velocities (up to
500° per second) is comparable to some lower extremity
limb speeds during functional activities, even the upper
limits of this range of velocities cannot begin to approxi-
mate the rapid limb speeds that are necessary during many
sports-related motions, such as throwing. In addition, the
eccentric velocities available, at best, only begin to approach
medium-range speeds, far slower than the velocity of
movement associated with quick changes of direction and
deceleration. Both of these limitations in the range of train-
ing velocities compromise carryover to functional goals.
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Independent Learning Activities

Critical Thinking and Discussion
1. What physical findings from an examination and evalua-

tion of a patient would lead you to determine that resist-
ance exercises were an appropriate intervention?

2. What are the benefits and limitations of isometric, 
dynamic, and isokinetic exercises?

3. Compare and contrast constant resistance and variable 
resistance.

4. What are the key changes that occur in muscle strength
and endurance throughout the life span?

5. You have been asked to design a resistance exercise pro-
gram as part of a total fitness program for a group of 7- to
9-year-old soccer players (boys and girls).
a.  Indicate the exercises you would include, the equipment

you need, and the guidelines for intensity, volume, 
frequency, and rest.

b.  What special precautions during resistance training
should be taken with children and why?

6. Analyze five daily living tasks or recreational activities that
you currently perform or would like to be able to perform
effectively and efficiently. Identify the aspects of muscle
performance (strength, power, and endurance) that are 
involved in each task. Propose two exercises for each task
that would help to improve the muscle performance as-
pects you identified.

7. Develop an instructional presentation that deals with the
appropriate and effective use of elastic resistance products.

8. You have been asked to help design a circuit weight
training sequence at a soon-to-open fitness facility at the
outpatient treatment center where you work. Select
equipment to meet the needs of beginning and advanced
individuals. Establish general guidelines for intensity,
repetitions and sets, order of exercise, rest intervals, and
frequency.

Laboratory Practice
1. Perform manual resistance exercise to all muscle groups of

the upper and lower extremities in the following positions:
supine, prone, side-lying, and sitting. What are the major
limitations to effective, full-range strengthening in each of
these positions?

2. Apply manual resistance exercises to each of the muscles
of the wrist, fingers, and thumb.

3. Practice upper extremity and lower extremity D1 and D2

PNF exercises on your laboratory partner’s right and left
extremities.

4. Determine a 1-RM and 10-RM for the following muscle
groups: shoulder flexors, shoulder abductors, shoulder ex-
ternal rotators, elbow flexors and extensors, hip abductors,
hip flexors, knee flexors, and extensors. Select one upper
and one lower extremity muscle group. Determine a 1-RM
or 10-RM with free weights in two positions. Determine
where in the ROM maximum resistance is encountered.
Then determine a 1-RM or 10-RM with a pulley system.
Compare your results.

5. Set up and safely apply exercises with elastic bands or tub-
ing to strengthen the major muscle groups of the upper
and lower extremities. Identify the point in each exercise
where the external resistance is greatest and consider how
this will impact effectiveness. Include a dynamic open-
chain, a dynamic closed-chain, and an isometric exercise
for each muscle group.

6. Demonstrate a series of simulated functional activities that
could be used in the final stages of rehabilitation to con-
tinue to improve muscle performance as a transition into
independent functional activities for a mail carrier, a
nurse’s aide who works in a skilled nursing facility, a ski
instructor, a package delivery truck driver, and a day-care
worker.
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There are numerous sources from which to obtain information
on training for endurance in athletes and healthy young people
and for individuals with chronic diseases such as coronary heart
disease, diabetes, and others.2-4 Using the most recent research,
the American College of Sports Medicine (ACSM) published
basic guidelines for many of the more common chronic condi-
tions.2-4 This chapter uses information from these well-known
sources to demonstrate that the physical therapist can use 
aerobic-type activity when working with either healthy individ-
uals or patients with a variety of conditions. In addition, some 
fundamental information about cardiovascular and respiratory
parameters in children and the elderly, as well as the young or
middle-aged adult, is presented so the physical therapist can be
prepared to treat individuals of all ages.

Key Terms and Concepts

Physical Activity
Physical activity as defined by ACSM2 and the Centers for
Disease Control and Prevention (CDC)6 is “any bodily
movement produced by the contraction of skeletal muscles
that result in a substantial increase over resting energy 
expenditure.”

Exercise
Exercise is any planned and structured physical activity 
designed to improve or maintain physical fitness.
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Physical Fitness
Fitness is a general term used to describe the ability to perform
physical work. Performing physical work requires cardiores-
piratory functioning, muscular strength and endurance, and
musculoskeletal flexibility. Optimum body composition is
also included when describing fitness.

To become physically fit, individuals must participate regu-
larly in some form of physical activity that uses large muscle
groups and challenges the cardiorespiratory system. Individuals
of all ages can improve their general fitness status by partici-
pating in activities that include walking, biking, running, swim-
ming, stair climbing, cross-country skiing, and/or training with
weights.

Fitness levels can be described on a continuum from poor
to superior based on energy expenditure during a bout of
physical work.11,12 These ratings are often based on direct or
indirect measurement of the body’s maximum oxygen con-
sumption. Oxygen consumption is influenced by age, gender,
heredity, inactivity, and disease.

Maximum Oxygen Consumption
Maximum oxygen consumption (VO2 max) is a measure of
the body’s capacity to use oxygen.2,4,11,12 It is usually meas-
ured when performing an exercise that uses many large
muscle groups such as swimming, walking, and running. 
It is the maximum amount of oxygen consumed per minute
when the individual has reached maximum effort. It is 
usually expressed relative to body weight, as milliliters of
oxygen per kilogram of body weight per minute (mL/kg per
minute). It is dependent on the transport of oxygen, the
oxygen-binding capacity of the blood, cardiac function,
oxygen extraction capabilities, and muscular oxidative 
potential.

Endurance
Endurance (a measure of fitness) is the ability to work 
for prolonged periods of time and the ability to resist 
fatigue.11,12 It includes muscular endurance and cardiovas-
cular endurance. Muscular endurance refers to the ability
of an isolated muscle group to perform repeated contractions
over a period of time, whereas cardiovascular endurance
refers to the ability to perform large muscle dynamic exercise,
such as walking, swimming, and/or biking for long periods
of time.

Aerobic Exercise Training
(Cardiorespiratory Endurance)
Aerobic exercise training, or cardiorespiratory endurance
training, is augmentation of the energy utilization of the mus-
cle by means of an exercise program.2,11,12 The improvement
of the muscle’s ability to use energy is a direct result of in-
creased levels of oxidative enzymes in the muscles, increased

mitochondrial density and size, and an increased muscle fiber
capillary supply.

■  Training is dependent on exercise of sufficient frequency,
intensity, and time.

■  Training produces cardiovascular and/or muscular adap-
tation and is reflected in an individual’s endurance.

■  Training for a particular sport or event is dependent on the
specificity principle11,12—that is, the individual improves in
the exercise task used for training and may not improve in
other tasks. For example, swimming may enhance one’s
performance in swimming events but may not improve
one’s performance in treadmill running.

Adaptation
The cardiovascular system and the muscles used adapt to the
training stimulus over time.11,12 Significant changes can be
measured in as little as 10 to 12 weeks.

Adaptation results in increased efficiency of the cardiovas-
cular system and the active muscles. Adaptation represents a
variety of neurological, physical, and biochemical changes 
in the cardiovascular and muscular systems. Performance 
improves in that the same amount of work can be performed
after training but at a lower physiological cost.

Adaptation is dependent on the ability of the organism to
change and the training stimulus threshold (the stimulus that
elicits a training response). The person with a low level of 
fitness has more potential to improve than the one who has a
high level of fitness.

Training stimulus thresholds are variable. The higher the
initial level of fitness, the greater the intensity of exercise
needed to elicit a significant change.

Myocardial Oxygen Consumption
Myocardial oxygen consumption is a measure of the oxygen
consumed by the myocardial muscle.2,4,11,12 The need or 
demand for oxygen is determined by the heart rate (HR), sys-
temic blood pressure, myocardial contractility, and afterload.
Afterload is determined by the left ventricular wall tension
and central aortic pressure. It is the ventricular force required
to open the aortic valve at the beginning of systole. Left ven-
tricular wall tension is primarily determined by ventricular
size and wall thickness.

The ability to supply the myocardium with oxygen is 
dependent on the arterial oxygen content (blood substrate),
hemoglobin oxygen dissociation, and coronary blood flow,
which is determined by aortic diastolic pressure, duration of
diastole, coronary artery resistance, and collateral circulation.
In a healthy individual, a balance between myocardial oxygen
supply and demand is maintained during maximum exercise.
When the demand for oxygen is greater than the supply, 
myocardial ischemia results.

Because the myocardial muscle extracts 70% to 80% of the
oxygen from the blood during rest, its main source of supply

CHAPTER 7 Principles of Aerobic Exercise 247

5850_Ch07_246-263  18/08/17  12:38 PM  Page 247



during exercise is through an increase in coronary blood flow.
The clinical relevance is described in Box 7.1.

Deconditioning
Deconditioning occurs with prolonged bed rest, and its effects
are frequently seen in the patient who has had an extended,
acute illness or long-term chronic condition. Decreases in
VO2 max, cardiac output (stroke volume), and muscular
strength occur rapidly. These effects are also seen, although
possibly to a lesser degree, in the individual who has spent a
period of time on bed rest without any accompanying disease
process and in the individual who is sedentary because of
lifestyle and increasing age. Deconditioning effects associated
with bed rest are summarized in Box 7.2.

 FOCUS ON EVIDENCE
In a meta-analysis by Biswas et al,5 increased time spent in
sedentary activities, particularly sitting during the activities,
was associated with an increased risk of all-cause mortality
including cardiovascular disease incidence and mortality,
cancer incidence and mortality, and type II diabetes 

incidence. When addressing the combined effect of seden-
tary time and physical activity with the noted risks, those
with high levels of physical activity had a 30% lower risk of 
all-cause mortality.

Davis et al7 assessed the amount of time spent in sedentary
activities, the frequency of breaks in sedentary time, and the
level of physical activity in 217 older adults (age ≥ 70 years)
with lower extremity function. Less time spent in sedentary
activities and more frequent breaks during sedentary time was
associated with higher lower extremity function scores as
measured by the Short Physical Performance Battery. An in-
crease of 0.58 points in lower extremity function was reported
with each additional break in sedentary time per hour.

Energy Systems, Energy
Expenditure, and Efficiency

Energy Systems
Energy systems are metabolic systems involving a series of bio-
chemical reactions resulting in the formation of adenosine
triphosphate (ATP), carbon dioxide, and water.11,12 The cell uses
the energy produced from the conversion of ATP to adenosine
diphosphate (ADP) and phosphate (P) to perform metabolic
activities. Muscle cells use this energy for actin-myosin cross-
bridge formation when contracting. There are three major en-
ergy systems. The intensity and duration of activity determine
when and to what extent each metabolic system contributes.

Phosphagen, or ATP-PC, System
The adenosine triphosphate–phosphocreatine (ATP-PC) 
system has the following characteristics:

■  PC and ATP are stored in the muscle cell.
■  PC is the chemical fuel source.
■  No oxygen is required (anaerobic).
■  When muscle is rested, the supply of ATP-PC is replenished.
■  The maximum capacity of the system is small (0.7 mol ATP).
■  The maximum power of the system is great (3.7 mol

ATP/min).
■  The system provides energy for short, quick bursts of 

activity.
■  It is the major source of energy during the first 30 seconds

of intense exercise.

Anaerobic Glycolytic System
The anaerobic glycolytic system has the following 
characteristics:

■  Glycogen (glucose) is the fuel source (glycolysis).
■  No oxygen is required (anaerobic).
■  ATP is resynthesized in the muscle cell.
■  Lactic acid is produced (by-product of anaerobic glycolysis).
■  The maximum capacity of the system is intermediate 

(1.2 mol ATP).

248 Energy Systems, Energy Expenditure, and Efficiency

BOX 7.1 Clinical Relevance—Exertional
Angina

Persons who have coronary occlusion may not present with
any type of chest pain/symptoms (angina) until they need to
exert themselves. This is because when the body works harder
the heart rate increases, diastolic filling time decreases, and
increased coronary blood flow is sacrificed by the reduced
time for filling the coronary arteries. Without an adequate
blood supply, the underlying cardiac tissue no longer receives
the oxygen needed for metabolic activity, resulting in anginal
pain/symptoms.

BOX 7.2 Deconditioning Effects Associated
With Bed Rest8,10

↓ Muscle mass

↓ Strength

↓ Cardiovascular function

↓ Total blood volume

↓ Plasma volume

↓ Heart volume

↓ Orthostatic tolerance

↓ Exercise tolerance

↓ Bone mineral density
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■  The maximum power of the system is intermediate 
(1.6 mol ATP/min).

■  The systems provide energy for activity of moderate inten-
sity and short duration.

■  It is the major source of energy from the 30th to 90th sec-
ond of exercise.

Aerobic System
The aerobic system has the following characteristics:

■  Glycogen, fats, and proteins are fuel sources and are utilized
relative to their availability and the intensity of the exercise.

■  Oxygen is required (aerobic).
■  ATP is resynthesized in the mitochondria of the muscle cell.

The ability to metabolize oxygen and other substrates is re-
lated to the number and concentration of the mitochondria
and cells.

■  The maximum capacity of the system is great (90.0 mol ATP).
■  The maximum power of the system is small (1.0 mol

ATP/min).
■  The system predominates over the other energy systems

after the second minute of exercise.

Recruitment of Motor Units
Recruitment of motor units is dependent on the rate of work.
Fibers are recruited selectively during exercise.11,12

■  Slow-twitch fibers (type I) are characterized by a slow con-
tractile response, are rich in myoglobin and mitochondria,
have a high oxidative capacity and a low anaerobic capacity,
and are recruited for activities demanding endurance. These
fibers are supplied by small neurons with a low threshold
of activation and are used preferentially in low-intensity 
exercise.

■  Fast-twitch fibers (type IIB) are characterized by a fast con-
tractile response, have a low myoglobin content and few
mitochondria, have a high glycolytic capacity, and are 
recruited for activities requiring power.

■  Fast-twitch fibers (type IIA) have characteristics of both
type I and type IIB fibers and are recruited for both anaer-
obic and aerobic activities.

Functional Implications
■  Bursts of intense activity lasting only seconds develop mus-

cle strength and stronger tendons and ligaments. ATP is
supplied by the phosphagen system.

■  Intense activity lasting 1 to 2 minutes repeated after 4 minutes
of rest or mild exercise enhances anaerobic power. ATP is
supplied by the phosphagen and anaerobic glycolytic system.

■  Activity with large muscles, which is less than maximum in-
tensity for 3 to 5 minutes repeated after rest or mild exercise
of similar duration, may develop aerobic power and 
endurance capabilities. ATP is supplied by the phosphagen,
anaerobic glycolytic, and aerobic systems.

■  Activity of submaximum intensity lasting 20 to 30 minutes
or more taxes a high percentage of the aerobic system and
develops endurance.

Energy Expenditure
Energy is expended by individuals engaging in physical activity
and is often expressed in kilocalories. Activities can be catego-
rized as light, moderate, or heavy by determining the energy
cost. The energy cost of any activity is affected by mechanical
efficiency and body mass. Factors that affect both walking and
running are terrain, stride length, and air resistance.11,12

Quantification of Energy Expenditure
Energy expended is computed from the amount of oxygen
consumed. Units used to quantify energy expenditure are
METs and kilocalories.

■  A MET is defined as the oxygen consumed (milliliters) per
kilogram of body weight per minute (mL/kg). It is equal to
approximately 3.5 mL/kg per minute.2,11,12

■  A kilocalorie is a measure expressing the energy value of
food. It is the amount of heat necessary to raise 1 kilogram
(kg) of water 1°C. A kilocalorie (kcal) can be expressed in
oxygen equivalents. Five kilocalories equal approximately
1 liter of oxygen consumed (5 kcal = 1 liter O2).2,11,12

■  To convert METs to kcal per minute, use the following 
formula: [(METs x 3.5 mL/kg per minute x body weight 
in kg) ÷ 1000)] × 5.2

Classification of Activities
Activities are classified as light, moderate, or vigorous accord-
ing to the energy expended or the oxygen consumed while 
accomplishing them.2

■  Light activity is 2.0 to 2.9 METs or 3.5 to 10.15 mL/kg per
minute.

■  Moderate activity is 3.0 to 5.9 METs or 10.5 to 10.65 mL/kg
per minute.

■  Vigorous activity is 6 to 8.8 METs or 21 to 30.8 mL/kg per
minute.

The energy expenditure necessary for most industrial jobs
requires more than three times the energy expenditure at rest.
Energy expenditure of certain physical activities can vary, de-
pending on factors such as skill, pace, and fitness level (Box 7.3).
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BOX 7.3 Energy Expenditure of Daily Tasks

MET Type of Physical Activity
1.0–2.9 Sitting, standing, self-care, making the 

bed, food shopping, walking less than
2.5 mph

3.0–5.9 Walking downstairs, walking 2.5 mph 
to less than 3.5 mph, mowing the
lawn (walking) with a power mower,
playing golf

6.0–8.8 Walking faster than 3.5 mph, swimming 
laps (moderate effort), jogging, running
at 5.0 mph, shoveling snow
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Efficiency
Efficiency is usually expressed as a percentage:11,12

Percent efficiency = useful work output/
energy expended or work input × 100

Work output equals force times distance (W = F × D). 
It can be expressed in power units or work per unit of time
(P = w/t). On a treadmill, work equals the weight of the sub-
ject times the vertical distance the subject is raised walking
up the incline of the treadmill. On a bicycle ergometer, work
equals the distance (which is the circumference of the flywheel
times the number of revolutions) times the bicycle resistance.

Work input equals energy expenditure and is expressed as
the net oxygen consumption per unit of time. With aerobic
exercise, the resting volume of oxygen used per unit of time
(VO2 value) is subtracted from the oxygen consumed during
1 minute of the steady-state period.

■  Steady state is reached within 3 to 4 minutes after exercise
has started if the load or resistance is kept constant.

■  In the steady-state period, VO2 remains at a constant
(steady) value.

Total net oxygen cost is multiplied by the total time in min-
utes the exercise is performed. The higher the net oxygen cost,
the lower the efficiency in performing the activity. Efficiency
of large muscle activities is usually 20% to 25%.

Physiological Response 
to Aerobic Exercise

The rapid increase in energy requirements during exercise 
requires equally rapid circulatory adjustments to meet the 
increased need for oxygen and nutrients to remove the end-
products of metabolism, such as carbon dioxide, water, and
lactic acid, and to dissipate excess heat. The shift in body 
metabolism occurs through a coordinated activity of all the
systems of the body: neuromuscular, respiratory, cardiovas-
cular, metabolic, and hormonal (Box 7.4). Oxygen transport
and its utilization by the mitochondria of the contracting
muscle are dependent on adequate blood flow in conjunction
with cellular respiration.11,12

Cardiovascular Response to Exercise
Exercise Pressor Response
Stimulation of small myelinated and unmyelinated fibers in
skeletal muscle involves a sympathetic nervous system (SNS)
response. The central pathways are not known.2,4, 11,12

■  The SNS response includes generalized peripheral vasocon-
striction in nonexercising muscles and increased myocardial
contractility, an increased HR, and an increased systolic
blood pressure. This results in a marked increase and redis-
tribution of the cardiac output.

■  The degree of the response equals the muscle mass involved
and the intensity of the exercise.

Cardiac Effects
■  The frequency of sinoatrial node depolarization increases,

as does the HR.
■  There is a decrease in vagal stimuli as well as an increase in

SNS stimulation.
■  There is an increase in the force development of the cardiac

myofibers. A direct inotropic response of the SNS increases
myocardial contractility.

Peripheral Effects
Net reduction in total peripheral resistance. Generalized
vasoconstriction occurs that allows blood to be shunted from
the nonworking muscles, kidneys, liver, spleen, and splanchnic
area to the working muscles. A locally mediated reduction in
resistance in the working muscle arterial vascular bed, inde-
pendent of the autonomic nervous system, is produced by
metabolites such as Mg2+, Ca2+, ADP, and PCO2.The veins of
the working and nonworking muscles remain constricted.

Increased cardiac output. The cardiac output increases be-
cause of the increase in myocardial contractility, with a re-
sultant increase in stroke volume, HR, blood flow through the
working muscle, and an increase in the constriction of the ca-
pacitance vessels on the venous side of the circulation in both
the working and nonworking muscles, raising the peripheral
venous pressure.

Increase in systolic blood pressure. The increase in systolic
blood pressure is the result of the augmented cardiac output.

Respiratory Response to Exercise
■  Respiratory changes occur rapidly, even before the initia-

tion of exercise.11,12 Gas exchange (O2, CO2) increases
across the alveolar-capillary membrane by the first or sec-
ond breath. Increased muscle metabolism during exercise
results in more O2 extracted from arterial blood, resulting
in an increase in venous PCO2 and H+, an increase in body
temperature, increased epinephrine, and increased stimu-
lation of receptors of the joints and muscles. Any of these
factors alone or in combination may stimulate the respira-
tory system. Baroreceptor reflexes, protective reflexes, pain,
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BOX 7.4 Factors Affecting the Response 
to Acute Exercise

Ambient temperature, humidity, and altitude can affect the
physiological responses to acute exercise. Diurnal fluctuations
as well as changes associated with a female subject’s menstrual
cycle can affect these responses as well. Therefore, researchers
control these factors as much as possible when evaluating the
response to exercise.
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emotion, and voluntary control of respiration may also
contribute to the increase in respiration.

■  Minute ventilation increases as respiratory frequency and
tidal volume increase.

■  Alveolar ventilation, occurring with the diffusion of gases
across the capillary-alveolar membrane, increases 10- to
20-fold during heavy exercise to supply the additional oxygen
needed and excrete the excess CO2 produced.

Responses Providing Additional
Oxygen to Muscle
Increased Blood Flow
The increased blood flow to the working muscle previously
discussed provides additional oxygen.

Increased Oxygen Extraction
There is also extraction of more oxygen from each liter of
blood. There are several changes that allow for this.

■  A decrease of the local tissue PO2 occurs because of the use
of more oxygen by the working muscle. As the partial pres-
sure of oxygen decreases, the unloading of oxygen from 
hemoglobin is facilitated.

■  The production of more CO2 causes the tissue to become
acidotic (the hydrogen ion concentration increases) and
the temperature of the tissue to increase. Both situations
increase the amount of oxygen released from hemoglobin
at any given partial pressure.

■  The increase of red blood cell 2,3-diphosphoglycerate
(DPG) produced by glycolysis during exercise also contributes
to the enhanced release of oxygen.

Oxygen Consumption
Factors determining how much of the oxygen is consumed are:

■  Vascularity of the muscles.
■  Fiber distribution.
■  Number of mitochondria.
■  Oxidative mitochondrial enzymes present in the fibers. The

oxidative capacity of the muscle is reflected in the arteriove-
nous oxygen difference (a-vO2 difference), which is the dif-
ference between the oxygen content of arterial and venous
blood.

Testing as a Basis for Exercise
Programs

Testing for physical fitness of healthy individuals should be
distinct from graded exercise testing of convalescing patients,
individuals with symptoms of coronary heart disease, or indi-
viduals who are 35 years or older but asymptomatic.2-4

Regardless of the type of testing, the level of performance is
based on the submaximum oxygen uptake, the VO2 max, or 
the symptom-limited oxygen uptake. The capacity of the 

individual to transport and utilize oxygen is reflected in the
oxygen uptake. Readers are referred to publications by the
ACSM2-4 for additional information.

Fitness Testing of Healthy Subjects
Field tests for determining cardiovascular fitness include the
time to run 1.5 miles or the distance run in 12 minutes. These
measures correlate well with VO2 max, but their use is limited
to young persons or middle-aged individuals who have been
carefully screened and have been jogging or running for some
time.2,4 Other field tests include the 1-mile walk test, 6-minute
walk test, and step tests. These tests are more suitable for indi-
viduals who are not as physically active. 

Multistage testing can provide a direct measurement of 
VO2 max by analyzing samples of expired air.2,4 Testing is usually
completed in four to six treadmill stages, which progressively
increase in speed and or grade. Each stage is 3 to 6 minutes
long. Electrocardiographic (ECG) monitoring is performed
during the testing. Maximum oxygen uptake can be deter-
mined when the oxygen utilization plateaus despite an increase
in workload.

Stress Testing for Convalescing
Individuals and Individuals at Risk
Individuals undergoing stress testing should have a physical
examination; be monitored by the ECG; and be closely ob-
served at rest, during exercise, and during recovery (Fig. 7.1).
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FIGURE 7.1 Treadmill stress test with electrocardiogram monitor-
ing. (From Porcari, J, Bryant, C, and Comana, F: Exercise Physiology.
Philadelphia: F.A. Davis, 2015, p. 762, with permission.) 

Principles of Stress Testing
The principles of stress testing include:2,4

■  Changing the workload by increasing the speed and/or grade
of the treadmill or the resistance on the bicycle ergometer

■  An initial workload that is low in terms of the individual’s
anticipated aerobic threshold
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■  Maintaining each workload for 1 minute or longer
■  Terminating the test at the onset of symptoms or a defin-

able abnormality of the ECG
■  When available, measuring the individual’s VO2 max

Purpose of Stress Testing
In addition to serving as a basis for determining exercise levels
or the exercise prescription, the stress test:

■  Helps establish a diagnosis of overt or latent heart disease.
■  Evaluates cardiovascular functional capacity as a means of

clearing individuals for strenuous work or exercise programs.
■  Determines the physical work capacity in kilogram-meters

per minute (kg-m/min) or the functional capacity in METs.
■  Evaluates responses to exercise training and/or preventive

programs.
■  Assists in the selection and evaluation of appropriate

modes of treatment for heart disease.
■  Increases individual motivation for entering and adhering

to exercise programs.
■  Is used clinically to evaluate patients with chest sensations

or a history of chest pain to establish the probability that
such patients have coronary disease. It can also evaluate the
functional capacity of patients with chronic disease.

Preparation for Stress Testing
All individuals who are taking a stress test should:

■  Have had a physical examination
■  Be monitored by ECG and closely observed at rest, during

exercise, and during recovery
■  Sign a consent form

PRECAUTIONS: Precautions to be taken are summarized in
Box 7.5. They are applicable for both stress testing and the 
exercise program.2,4

Termination of Stress Testing
Endpoints requiring termination of the test period are2:

■  Onset and/or progressive angina
■  A significant drop ( ≥10 mm Hg) in systolic pressure in 

response to an increasing workload
■  Lightheadedness, confusion, pallor, cyanosis, nausea, periph-

eral circulatory insufficiency, shortness of breath, wheezing,
or leg cramps

■  Excessive rise in blood pressure
■  No increase in HR with an increase in exercise intensity
■  Onset or change in heart rhythm
■  Subject wishes to stop
■  Observed or reported symptoms of severe fatigue

Multistage Testing
Each of the four to six stages lasts approximately 1 to 6 min-
utes. Differences in protocols involve the number of stages,
magnitude of the exercise (intensity), equipment used (bicycle,
treadmill), duration of stages, endpoints, position of body,
muscle groups exercised, and types of effort.2,4

Protocols have been developed for multistage testing. The
most popular treadmill protocol is the Bruce protocol. Tread-
mill speed and grade are changed every 3 minutes. Speed 
increases from 1.7 mph up to 5 mph, and the initial grade 
of 10% increases up to 18% during the five stages. A sample
result of a stress test and referral for cardiac rehabilitation is
available on the FA Davis website associated with this text.

Determinants of an Exercise
Program

Just as testing for fitness should be distinct from stress testing
for patients or individuals at high risk, training programs for
healthy individuals are distinct from the exercise prescription
for individuals with cardiopulmonary disease.

Effective endurance training for any population must pro-
duce a conditioning or cardiovascular response. Elicitation 
of the cardiovascular response is dependent on several criti-
cal elements of exercise. A recommendation by ACSM2 

and others9,11,12 is to use the FITT-VP method: Frequency,
Intensity, Time (duration), and Type of exercise, plus Volume
(amount) and Progression.

Frequency
While there is no clear-cut information provided on the most
effective frequency of exercise for adaptation to occur, optimal
frequency of training is generally three to four times a week.
Frequency varies, dependent on the health and age of the in-
dividual, and may be a less important factor than intensity or
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BOX 7.5 Precautions for Stress Testing 
and Exercise Program

Cardiopulmonary changes occur with stress testing and
exercises. Monitor and recognize the following:

■ Heart rate increases with exercise approximately 8–12 beats
per minute per MET of physical activity. Monitor for abnormal
increases in heart rate.

■ Blood pressure increases with exercise approximately 8 to
12 millimeters (mm) of mercury (Hg) per MET of physical
activity.
■ Systolic pressure should not exceed 250 mm Hg.
■ Diastolic pressure should not exceed 115 mm Hg.

■ Rate and depth of respiration increase with exercise.
■ Respiration should not be labored.
■ The individual should have no perception of shortness of

breath.
■ The increase in blood flow while exercising, which regulates

core temperature and meets the demands of the working
muscles, results in changes in the skin of the cheeks, nose,
and earlobes. They become pink, moist, and warm to the
touch.
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duration in exercise training. If training is at a low intensity,
greater frequency may be beneficial. A frequency of two times
a week does not generally evoke cardiovascular changes, 
although older individuals and convalescing patients may
benefit from a program of that frequency.

Intensity
Determination of the appropriate intensity of exercise to use
is based on the overload principle and the specificity principle
and is the most important component for successful changes
to aerobic fitness.2,4,11,12

Overload Principle
Overload is stress on an organism that is greater than that reg-
ularly encountered during everyday life. To improve cardiovas-
cular and muscular endurance, an overload must be applied to
these systems. The exercise load (overload) must be above the
training stimulus threshold (the stimulus that elicits a training
or conditioning response) for adaptation to occur.

Once adaptation to a given load has taken place, the training
intensity (exercise load) must be increased for the individual
to achieve further improvement. Training stimulus thresholds
are variable, depending on the individual’s level of health, level
of activity, age, and gender. The higher the initial level of fitness,
the greater the intensity of exercise needed to elicit a change.

A conditioning response occurs generally at 60% to 
90% maximum heart rate (HRmax; 50% to 85% VO2 max) 
depending on the individual and the initial level of fitness.

■  Seventy percent HRmax is a minimal-level stimulus for elic-
iting a conditioning response in healthy young individuals.

■  Sedentary or “deconditioned” individuals respond to a low
exercise intensity, 40% to 50% of VO2 max.

■  The exercise does not have to be exhaustive to achieve a
training response.

■  Determining the HRmax and the exercise HR for training
programs provides the basis for the initial intensity of the
exercise (Box 7.6).

■  When the individual is young and healthy, the HRmax can
be determined directly from a maximum performance

multistage test; extrapolated from the HR achieved on 
a predetermined submaximum test; or, less accurately, 
calculated as 220 minus age.

■  The exercise HR is determined in one of two ways: (1) as a
percentage of the HRmax (the percentage used is dependent
on the level of fitness of the individual) or (2) using the HR
reserve (HRR; Karvonen’s formula). Karvonen’s formula is
based on the HRR, which is the difference between the rest-
ing HR (HRrest) and the HRmax. The exercise HR is deter-
mined as a percentage (usually 60% to 70%) of the HRR
plus the HRrest (see Box 7.6).

■  When using Karvonen’s formula, the exercise HR is higher
than when using the HRmax alone.

Individuals at Risk
HRmax and exercise HR used for the exercise prescription
for individuals at risk for coronary artery disease, individ-
uals with coronary artery disease or other chronic disease,
and individuals who are elderly are ideally identified based
on their performance on the stress test. The HRmax cannot
be determined in the same manner as for the young and
healthy.

■  Assuming that an individual has an average HRmax, using
the formula 220 minus age produces substantial errors in
prescribing the exercise intensity for these individuals.

■  HRmax, which may be symptom limited, is considered 
maximum. At no time should the exercise HR exceed the
symptom-limited HR achieved on the exercise test.

■  Individuals with cardiopulmonary disease may start exercise
programs, depending on their diagnosis, as low as 40% to
60% of their HRmax.

Variables
Exercising at a high-intensity for a shorter period of time ap-
pears to elicit a greater improvement in VO2 max than exercis-
ing at a moderate intensity for a longer period of time.
However, as exercise approaches the maximum limit, there is
an increase in the relative risk of cardiovascular complications
and the risk of musculoskeletal injury.

■  The higher the intensity and the longer the exercise inter-
vals, the faster the training effect.

■  VO2 max is the best measure of exercise intensity. Aerobic
capacity and HR are linearly related; therefore, the HRmax

is a function of intensity.

Specificity Principle
The specificity principle as related to the specificity of training
refers to adaptations in metabolic and physiological systems
depending on the demand imposed. There is no overlap when
training for strength-power activities and training for en-
durance activities. Workload and work-rest periods are selected
so training results in:

■  Muscle strength without a significant increase in total 
oxygen consumption.

■  Aerobic or endurance training without training the anaer-
obic systems.
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BOX 7.6 Methods to Determine Maximum
Heart Rate and Exercise Heart Rate

Determine Maximum Heart Rate (HR)
■ From multistage test (for young and healthy)
■ HR achieved in predetermined submaximum test
■ 220 minus age (less accurate)

Determine Exercise HR
■ Percentage of maximum HR (dependent on level of fitness)
■ Karvonen’s formula (HRR)

Exercise HR = HRrest+ 60%–70% (HRmax - HRrest)
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■  Anaerobic training without training the aerobic systems.
■  Aerobic training specific to the type of activity. When training

for swimming events, the individual may not demonstrate an
improvement in VO2 max when running.

Time (Duration)
The optimal duration of exercise for cardiovascular condi-
tioning is dependent on the total work performed, exercise
intensity and frequency, and fitness level. Generally speaking,
the greater the intensity of the exercise, the shorter the dura-
tion needed for adaptation, and the lower the intensity of 
exercise, the longer the duration needed.

A 20- to 30-minute session is generally optimal at 70% HRmax.
When the intensity is below the HR threshold, a 45-minute
continuous exercise period may provide the appropriate over-
load. With high-intensity exercise, 10- to 15-minute exercise
periods are adequate; three 5-minute daily periods are effective
in some deconditioned patients.

Type (Mode)
Many types of activity provide the stimulus for improving car-
diorespiratory fitness. The important factor is that the exercise
involves large muscle groups that are activated in a rhythmic,
aerobic nature. However, the magnitude of the changes may
be determined by the mode used.

For specific aerobic activities, such as cycling and running,
the overload must use the muscles required by the activity and
stress the cardiorespiratory system (specificity principle). If en-
durance of the upper extremities is needed to perform activities
on the job, the upper extremity muscles must be targeted in the
exercise program. The muscles trained develop a greater oxida-
tive capacity with an increase in blood flow to the area. The in-
crease in blood flow is due to increased microcirculation and
more effective distribution of the cardiac output.

Training benefits are optimized when programs are
planned to meet the individual needs and capacities of the
participants. The skill of the individual, variations among in-
dividuals in competitiveness and aggressiveness, and variation
in environmental conditions must be considered.

Volume
The volume or quantity of exercise completed weekly is the
product of frequency, intensity, and time. Examples include
MET-minute per week and kcal per week. The recommended
volume of moderate intensity exercise needed for reaching
health and fitness goals and to decrease the risk of cardiovas-
cular disease for adults is ≥ 500 to 1,000 MET-min per week
(approximately 1,000 kcal per week).2,9

Progression
How to progress the aerobic exercise prescription is depend-
ent on an individual’s overall health at the start of the pro-
gram and what their fitness and health goals are. Generally,

the time should be increased first, and then the frequency,
with the intensity increased last. 

Reversibility Principle
The beneficial effects of exercise training are transient and 
reversible.

■  Detraining occurs rapidly when a person stops exercising.
After only 2 weeks of detraining, significant reductions in
work capacity can be measured, and improvements can be
lost within several months. A similar phenomenon occurs
with individuals who are confined to bed with illness or
disability: the individual becomes severely deconditioned,
with loss of the ability to carry out normal daily activities
as a result of inactivity.

■  The frequency or duration of physical activity required to
maintain a certain level of aerobic fitness is less than that
required to improve it.

CLINICAL TIP
The ACSM,2,9 the American Heart Association, and the CDC
and Surgeon General6 have specified the amount of aerobic
physical activity for children, adults, and older adults. The 
following are the general recommendations:

■  Children age 6 to 17: 60 minutes of moderate to vigorous
aerobic physical activity per day.

■  Adults age 18 to 65: 30 minutes of moderate intensity 
activity (3–5.9 MET level) 5 days/week or 20 minutes of
vigorous intensity activity ( ≥6 METs) 3 days/week, or 
a combination of moderate and vigorous intensity. The
30-minute total of moderate intensity can be accumulated in
small bouts of continuous activity of at least 10 minutes. A
volume of 500 to 1,000 MET-minutes per week or 1,000 kcal
per week.

■  Older adults age 65 or older (or adults 50 to 65 with chronic
health conditions): 30 minutes of moderate intensity activity
5 days/week or 20 minutes of vigorous intensity activity 
3 days/week, or a combination of moderate and vigorous 
intensity. The 30-minute total of moderate intensity can be
accumulated in small bouts of continuous activity of at least
10 minutes. A volume of 500 to 1,000 MET-minutes per
week or 1,000 kcal per week.

The adult criteria are based on MET level. The older adult
criteria for moderate or vigorous intensity are based on a 
10- point scale, where 0 is sitting and 10 is working as hard as
you can. Moderate intensity activity would be a 5 to 6 and
vigorous activity would be 7 to 8.

NOTE: Doing more than the minimum described above for
adults and older adults is recommended for achieving additional
health benefits.
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Exercise Program

A carefully planned exercise program can result in higher lev-
els of fitness for the healthy individual, slow the decrease in
functional capacity of the elderly, and recondition those who
have been ill or have chronic disease. There are three compo-
nents of the exercise program: (1) a warm-up period; (2) the
aerobic exercise period; and (3) a cool-down period. General
guidelines for an aerobic training are summarized in Box 7.7.

Warm-Up Period
Physiologically, a time lag exists between the onset of activity
and the bodily adjustments needed to meet the physical re-
quirements of the body. The purpose of the warm-up period
is to enhance the numerous adjustments that must take place
before physical activity.

Physiological Responses
During this period there is:

■  An increase in muscle temperature. The higher temperature
increases the efficiency of muscular contraction by reducing
muscle viscosity and increasing the rate of nerve conduction.

■  An increased need for oxygen to meet the energy demands
for the muscle. Extraction from hemoglobin is greater at
higher muscle temperatures, facilitating the oxidative
processes at work.

■  Dilatation of the previously constricted capillaries with in-
creases in the circulation, augmenting oxygen delivery to
the active muscles and minimizing the oxygen deficit and
the formation of lactic acid.

■  Adaptation in sensitivity of the neural respiratory center to
various exercise stimulants.

■  An increase in venous return. This occurs as blood flow is
shifted centrally from the periphery.

Purposes
In addition to the physiological responses, the warm-up also
prevents or decreases the susceptibility of the musculoskeletal
system to injury and the occurrence of ischemic ECG changes
and arrhythmias.

Guidelines
The warm-up should be gradual and sufficient to increase
muscle and core temperature without causing fatigue or re-
ducing energy stores. Characteristics of the period include:

■  A 10-minute period of total body movement exercises, such
as calisthenics and walking slowly

■  Attaining a HR that is within 20 beats/min of the target HR

Aerobic Exercise Period
The aerobic exercise period is the training part of the exercise
program. Attention to the determinants of frequency, inten-
sity, time, and type of the program, as previously discussed,
has an impact on the effectiveness of the program. The main
consideration when choosing a specific method of training is
that the intensity be great enough to stimulate an increase in
stroke volume and cardiac output and to enhance local cir-
culation and aerobic metabolism in the appropriate muscle
groups. The exercise period must be within the person’s tol-
erance, above the threshold level for adaptation to occur, and
below the level of exercise that evokes clinical symptoms.

In aerobic exercise, submaximal, rhythmic, repetitive, 
dynamic exercise of large muscle groups is emphasized.

There are four methods of training that challenge the aer-
obic system: continuous, interval (work relief), circuit, and
circuit interval.

Continuous Training
■  A submaximum energy requirement, sustained throughout

the training period, is imposed.
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BOX 7.7 General Guidelines for an Aerobic
Training Program

■ Establish the target heart rate and maximum heart rate.
■ Warm-up gradually for 5 to 10 minutes. Include stretching

and repetitive motions at slow speeds, gradually increasing
the effort.

■ Increase the pace of the activity so the target heart rate
can be maintained for 20 to 30 minutes. Examples include
fast walking, running, bicycling, swimming, cross-country
skiing, and aerobic dancing.

■ Cool-down for 5 to 10 minutes with slow, total body
repetitive motions and stretching activities.

■ The aerobic activity should be undertaken three to five
times per week.

■ To avoid injuries from stress, use appropriate equipment,
such as correct footwear, for proper biomechanical
support. Avoid running, jogging, or aerobic dancing on hard
surfaces such as asphalt and concrete.

■ To avoid overuse syndromes in structures of the
musculoskeletal system, proper warm-up and stretching of
muscles to be used should be performed. Progression of
activities should be within the tolerance of the individual.
Overuse commonly occurs when there is an increase in
time or effort without adequate rest (recovery) time
between sessions. Increase the repetitions or the time by
no more than 10% per week. If pain begins while exercising
or lasts longer than 2 hours after exercising, heed the
warning and reduce the stress.

■ Individualize the program of exercise. All people are not at
the same fitness level and therefore cannot perform the
same exercises. Any one exercise has the potential to be
detrimental if attempted by someone not able to execute it
properly. During recovery following an injury or surgery,
choose an exercise that does not stress the vulnerable
tissue. Begin at a safe level for the individual and progress
as the individual meets the desired goals.
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■  Once the steady state is achieved, the muscle obtains energy
by means of aerobic metabolism. Stress is placed primarily
on the slow-twitch fibers.

■  The activity can be prolonged for 20 to 60 minutes without
exhausting the oxygen transport system.

■  The work rate is increased progressively as training im-
provements are achieved. Overload can be accomplished
by increasing the exercise duration.

Interval Training
With this type of training, the work or exercise is followed by
a properly prescribed relief or rest interval. Interval training
is perceived to be less demanding than continuous training. 

■  The relief interval is either a rest relief (passive recovery) or
a work relief (active recovery), and its duration ranges from
a few seconds to several minutes. Work recovery involves
continuing the exercise but at a reduced level from the work
period. During the relief period, a portion of the muscular
stores of ATP and the oxygen associated with myoglobin that
were depleted during the work period are replenished by the
aerobic system; an increase in VO2 max occurs.

■  The longer the work interval, the more the aerobic system
is stressed. With a short work interval, the duration of the
rest interval is critical if the aerobic system is to be stressed
(a work/recovery ratio of one to one to one to five is ap-
propriate). A rest interval equal to one and a half times the
work interval allows the succeeding exercise interval to
begin before recovery is complete and stresses the aerobic
system. With a longer work interval, the duration of the
rest is not as important.

■  A significant amount of high-intensity work can be achieved
with interval or intermittent work if there is appropriate
spacing of the work-relief intervals. The total amount of
work that can be completed with intermittent work is greater
than the amount of work that can be completed with con-
tinuous training.

Circuit Training
Circuit training employs a series of exercise activities. At the
end of the last activity, the individual starts from the beginning
and again moves through the series. The series of activities is
repeated several times.

■  Several exercise modes can be used involving large and
small muscle groups and a mix of static or dynamic effort.

■  Use of circuit training can improve strength and endurance
by stressing both the aerobic and anaerobic systems.

Circuit-Interval Training
■  Combining circuit and interval training is effective be-

cause of the interaction of aerobic and anaerobic produc-
tion of ATP.

■  In addition to the aerobic and anaerobic systems being
stressed by the various activities, with the relief interval,
there is a delay in the need for glycolysis and the production
of lactic acid prior to the availability of oxygen supplying
the ATP.

Cool-Down Period
The cool-down period is similar to the warm-up period in
that it should last 5 to 10 minutes and consist of total-body
movements and static stretching.

The purpose of the cool-down period is to:

■  Prevent pooling of the blood in the extremities by contin-
uing to use the muscles to maintain venous return

■  Prevent fainting by increasing the return of blood to the heart
and brain as cardiac output and venous return decreases

■  Enhance the recovery period with the oxidation of meta-
bolic waste and replacement of the energy store

■  Prevent myocardial ischemia, arrhythmias, or other cardio-
vascular complications

Physiological Changes That
Occur With Training

Changes in the cardiovascular and respiratory systems as well
as changes in muscle metabolism occur following endurance
training. These changes are reflected both at rest and with ex-
ercise. It is important to note that all of the following training
effects cannot result from one training program.

Cardiovascular Changes
Changes at Rest
■  A reduction in the resting pulse rate occurs in some individu-

als because of a decrease in sympathetic drive, with decreas-
ing levels of norepinephrine and epinephrine; a decrease in
atrial rate secondary to biochemical changes in the muscles
and levels of acetylcholine, norepinephrine, and epinephrine
in the atria; and an apparent increase in parasympathetic
(vagal) tone secondary to decreased sympathetic tone.

■  A decrease in blood pressure occurs in some individuals with
a decrease in peripheral vascular resistance. The largest de-
crease is in systolic blood pressure and is most apparent in
hypertensive individuals.

■  An increase in blood volume and hemoglobin may occur.
This facilitates the oxygen delivery capacity of the system.

Changes During Exercise
■  A reduction in the pulse rate occurs in some individuals

because of the mechanisms listed earlier in this section.
■  Increased stroke volume may occur because of an increase

in myocardial contractility and an increase in ventricular
volume.

■  Increased cardiac output may occur as a result of the in-
creased stroke volume that occurs with maximum exercise
but not with submaximum exercise. The magnitude of the
change is directly related to the increase in stroke volume
and the magnitude of the reduced HR.

■  Increased extraction of oxygen by the working muscle occurs
in some individuals because of enzymatic and biochemical
changes in the muscle, as well as increased VO2 max. Greater
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VO2 max results in a greater work capacity. The increased
cardiac output increases the delivery of oxygen to the work-
ing muscles. The increased ability of the muscle to extract
oxygen from the blood increases the utilization of the avail-
able oxygen.

■  Decreased blood flow per kilogram of the working muscle may
occur even though increasing amounts of blood are shunted
to the exercising muscle. The increase in extraction of oxygen
from the blood compensates for this change.

■  Decreased myocardial oxygen consumption (pulse rate times
systolic blood pressure) for any given intensity of exercise may
occur as a result of a decreased pulse rate with or without
a modest decrease in blood pressure. The product can be
decreased significantly in the healthy subject without any
loss of efficiency at a specific workload.

Respiratory Changes
Changes at Rest
■  Larger lung volumes develop because of improved pulmonary

function, with no change in tidal volume.
■  Larger diffusion capacities develop because of larger lung

volumes and greater alveolar-capillary surface area.

Changes During Exercise
■  Larger diffusion capacities occur for the same reasons as

those listed previously; the maximum capacity of ventilation
is unchanged.

■  A smaller amount of air is ventilated at the same oxygen
consumption rate; maximum diffusion capacity is un-
changed.

■  The maximal minute ventilation is increased.
■  Ventilatory efficiency is increased.

Metabolic Changes
Changes at Rest
■  Muscle hypertrophy and increased capillary density occurs.
■  The number and size of mitochondria are increased, in-

creasing the capacity to generate ATP aerobically.
■  The muscle myoglobin concentration increases, increasing

the rate of oxygen transport and possibly the rate of oxygen
diffusion to the mitochondria.

Changes During Exercise
■  A decreased rate of depletion of muscle glycogen at submax-

imum work levels may occur. Another term for this phenom-
enon is glycogen sparing. It is due to an increased capacity to
mobilize and oxidize fat and increased fat-mobilizing and fat-
metabolizing enzymes.

■  Lower blood lactate levels at submaximal work may occur.
The mechanism for this is unclear; it does not appear to be
related to decreased hypoxia of the muscles.

■  Less reliance on PC and ATP in skeletal muscle and an in-
creased capability to oxidize carbohydrate may result because
of an increased oxidative potential of the mitochondria and
an increased glycogen storage in the muscle.

NOTE: Ill health may influence metabolic adaptations to 
exercise.

Other System Changes
Changes in other systems that occur with training include:

■  Decrease in body fat
■  Decrease in blood cholesterol and triglyceride levels
■  Increased heat acclimatization
■  Increase in the breaking strength of bones and ligaments

and the tensile strength of tendons

Application of Principles 
of an Aerobic Training
Program for the Patient 
With Coronary Disease

Employing the principles of aerobic training, in addition to
secondary prevention and risk factor modification, is a dom-
inant part of cardiac rehabilitation for individuals following a
coronary event such as myocardial infarction (MI), revascu-
larization, valve replacement, coronary artery bypass surgery,
heart transplant, or heart failure.8,10

Inpatient Cardiac Rehabilitation1

The inpatient phase of the program occurs in the hospital fol-
lowing stabilization of the patient’s cardiovascular status, such
as MI, valve replacement, or coronary bypass surgery, and
generally lasts 3 to 5 days.

Purpose
The purpose of the early portion of cardiac rehabilitation is to:

■  Initiate risk factor education and address future modifica-
tion of certain behaviors, such as eating habits and smoking.

■  Initiate self-care activities and progress from sitting to stand-
ing to minimize deconditioning (1 to 3 days post event).

■  Provide an orthostatic challenge to the cardiovascular system
(3 to 5 days post event). This is usually accomplished by su-
pervised ambulation. Ambulation is usually monitored elec-
trocardiographically, as well as manually monitoring the HR,
ventilation rate, and blood pressure. The intensity level of
activity starts at 1 to 2 MET and is progressed to 3 to 4 MET
by discharge if tolerated.

■  Prepare patients and family for continued rehabilitation
and for life at home after a cardiac event. 

Outpatient Cardiac Rehabilitation:
Early Exercise Program
The early outpatient exercise program is initiated within 1 to
3 weeks of discharge from the hospital and lasts up to 36 ses-
sions. Participants are monitored via telemetry to determine
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HR and rhythm responses; blood pressure is recorded at 
rest and during exercise, and ventilation responses are noted
A description of a cardiac rehabilitation referral is available
on the FA Davis website associated with this text. 

Purpose
The purpose of the program is to:

■  Increase the person’s exercise capacity in a safe, progressive
manner so adaptive cardiovascular and muscular changes
occur. The early part of the program might be considered
by some as “low-level” exercise training.

■  Enhance cardiac functions and reduce the cardiac cost of
work. This may help eliminate or delay symptoms such 
as angina and ST-segment changes in the patient with 
coronary heart disease.

■  Produce favorable metabolic changes.
■  Determine the effect of medications on increasing levels of

activity.
■  Relieve anxiety and depression.
■  Progress the patient to an independent exercise program.

Guidelines2

Frequency. Participants often attend sessions offered three
times per week.

Intensity. Multiple methods may be used to determine the
intensity of the aerobic activity. The training intensity may
be prescribed using the exercise capacity of HRR and may
range from 40% to 80%. Another method is using the Rate
of Perceived Exertion scale and should be between 11 and
16 on the 6-20 scale (see Box 25.4 in Chapter 25). The start-
ing intensity is dictated by the severity of the diagnosis in
concert with the individual’s age and prior fitness level. The
intensity is progressed as the individual responds to the
training program.

Time. The duration of the exercise session may be limited to
10 to 15 minutes at the start, progressing to 20 to 60 minutes
as the patient’s status improves. Each session usually includes
5 to 10-minute warm-up and cool-down periods.

Type. The mode of exercise is usually continuous, using large
muscle groups, such as stationary bike, rower, stepper, ellip-
tical, or treadmill walking. 

Volume. As noted previously the volume of exercise is the
product of frequency, intensity, and time.

Progression. The progression of aerobic training is depend-
ent on the patients’ response to the activities and their goals
for treatment.

Maintenance Program1

The outpatient phase of cardiac rehabilitation includes a super-
vised exercise conditioning program, which is often continued
in a hospital or community setting. HR and rhythm are no

longer monitored via telemetry. Participants are reminded to
monitor their own pulse rate, and a supervisory person is avail-
able to monitor blood pressure.

Purpose
The purpose of the program is to continue to improve or
maintain fitness levels achieved during early outpatient car-
diac rehabilitation and to continue secondary prevention
activities to assist with behavior change and risk factor
modification. 

CLINICAL TIP1

The number of visits completed in early outpatient cardiac re-
habilitation and whether a patient is monitored with ECG (and
for how long) depends on the risk for participating in aerobic
training. Low-risk patients participate in 6 to 18 sessions which
start with continuous ECG monitoring and then decrease its
use within 6 to 12 visits. Moderate-risk patients participate in
12 to 24 sessions which start with continuous ECG monitor-
ing decreasing to intermittent or no monitoring within 12 to
18 sessions if appropriate based on ECG results during exer-
cise. High-risk patients participate in 28 to 36 sessions and
start with continuous ECG monitoring and decreasing to 
intermittent if appropriate.

Special Considerations
There are special considerations related to types of exercise
and patient needs that must be recognized when developing
conditioning programs for patients with coronary disease.
Arm exercises elicit different responses than leg exercises.

■  Mechanical efficiency based on the ratio between output
of external work and caloric expenditure is lower than with
leg exercises.

■  Oxygen uptake at a given external workload is significantly
higher for arm exercises than for leg exercises.

■  Myocardial efficiency is lower with leg exercises than with
arm exercises.

■  Myocardial oxygen consumption (HR × systolic blood pres-
sure) is higher with arm exercises than with leg exercises.

PRECAUTION: Patients with coronary disease complete 
35% less work with arm exercises than with leg exercises 
before symptoms occur.

Adaptive Changes
Adaptive changes following training of individuals with 
cardiac disease include:

■  Increased myocardial aerobic work capacity.
■  Increased maximum aerobic or functional capacity by pre-

dominantly widening the a-vO2 difference.
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■  Increased stroke volume following high-intensity training
6 to 12 months into the training program.

■  Decreased myocardial demand for oxygen.
■  Increased myocardial supply by the decreased HR and pro-

longation of diastole.
■  Increased tolerance to a given physical workload before

angina occurs.
■  Significantly lower HR at each submaximum workload

and, therefore, a greater HRR. When muscles are used that
are not directly involved in the activity, the reduction in
HR is not as great.

■  Improved psychological orientation and, over time, an im-
pact on depression scores, scores for hysteria, hypochon-
driasis, and psychoasthenia on the Minnesota Multiphasic
Personality Inventory.

Applications of Aerobic
Training for the
Deconditioned Individual
and the Patient With Chronic
Illness

Deconditioned individuals, including those with chronic ill-
ness and the elderly, may have major limitations in pulmonary
and cardiovascular reserves that severely curtail their daily 
activities.

Deconditioning
Implications of the changes due to deconditioning brought
on by inactivity resulting from any illness or chronic disease
are important to remember.8,10,11

■  There is decreased work capacity, which is a result of de-
creased maximum oxygen uptake and decreased ability to use
oxygen and perform work. There is also decreased cardiac
output, which is the major limiting factor.

■  There is decreased circulating blood volume that can be as
much as 700 to 800 mL. For some individuals, this results
in tachycardia along with orthostatic hypotension, dizzi-
ness, and episodes of syncope when initially attempting 
to stand.

■  There is a decrease in plasma and red blood cells, which in-
creases the likelihood of life-threatening embothrombolic
episodes and prolongation of the convalescent period.

■  There is a decrease in lean body mass, which results in de-
creased muscle size and decreased muscle strength and
ability to perform activities requiring large muscle groups.
For example, the individual may have difficulty walking
with crutches or climbing stairs.

■  There is increased excretion of urinary calcium, which re-
sults from a decrease in the weight-bearing stimulus critical

in maintaining bone integrity, in bone loss or osteoporosis,
and in an increased likelihood of fractures upon falling 
because of osteoporosis.

Reversal of Deconditioning
Through an exercise program, the negative cardiovascular,
neuromuscular, and metabolic functions can be reversed. This
results in:

■  A decrease in the HRrest, the HR with any given exercise
load, and urinary excretion of calcium

■  An increase in stroke volume at rest, stroke volume with
exercise, cardiac output with exercise, total heart volume,
lung volume (ventilatory volume), vital capacity, maxi-
mum oxygen uptake, circulating blood volume, plasma 
volume and red blood cells, and lean body mass

■  A reversal of the negative nitrogen and protein balance
■  An increase in levels of mitochondrial enzymes and energy

stores
■  Less use of the anaerobic systems during activity

Adaptations for Those With Activity
Limitations and Participation
Restrictions
Individuals who have participation or activity restrictions
should not be excluded from a training program that can 
increase their fitness level. This includes individuals in wheel-
chairs or persons who have problems ambulating, such as
those with paraplegia, hemiplegia, or amputation, and those
with an orthopedic problem, such as arthrodesis.

■  Adaptations must be made when testing the physically dis-
abled using a wheelchair treadmill or, more frequently,
using the upper extremity ergometer.

■  Exercise protocols may emphasize upper extremities and
manipulation of the wheelchair.

■  It is important to remember that energy expenditure is in-
creased when the gait is altered, and wheelchair use is less
efficient than walking without impairment.

Impairments, Goals, and Plan of Care
The goals of an aerobic exercise program are dependent on
the initial level of fitness of the individual and on his or her
specific clinical needs. The general goals are to decrease the
deconditioning effects of disease and chronic illness and 
to improve the individual’s cardiovascular and muscular
fitness.

Common Impairments
■  Increased susceptibility to thromboembolic episodes, pneu-

monia, atelectasis, and the likelihood of fractures
■  Tachycardia, dizziness, and orthostatic hypotension when

moving from sitting to standing
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■  A decrease in general muscle strength, with difficulty and
shortness of breath in climbing stairs

■  A decrease in work capacity that limits distances walked
and activities tolerated

■  Increased HR and blood pressure responses (rate-pressure
product) to various activities

■  A decrease in the maximum rate-pressure product toler-
ated with angina or other ischemic symptoms appearing at
low levels of exercise

Goals
■  Prevent thromboembolic episodes, pneumonia, atelectasis,

and fractures
■  Decrease the magnitude of the orthostatic hypotensive 

response
■  Improve ability to climb stairs safely and without shortness

of breath
■  Develop tolerance for walking longer measured distances

and completing activities without fatigue or symptoms
■  Decrease HR and blood pressure (rate-pressure product)

at a given level of activity
■  Increase the maximum rate-pressure product tolerated

without ischemic symptoms

Outcomes
■  Improved pulmonary, cardiovascular, and metabolic 

response to various levels of exercise
■  Improved ability to complete selected activities with 

appropriate HR and blood responses to exercise

Guidelines
Guidelines for establishing a safe program of intervention
for the deconditioned individual and the convalescent 
patient with chronic illness are summarized in Boxes 7.8
and 7.9. Age Differences

Differences in endurance and physical work capacity among
children, young adults, and middle-aged or elderly individuals
are evident. Some comparisons are made between maximum
oxygen uptake and the factors influencing it and among blood
pressure, respiratory rate, vital capacity, and maximum vol-
untary ventilation in the different age categories. It is impor-
tant when developing aerobic conditioning programs that
these age-related differences are taken into consideration.

Children
Between the ages of 5 and 15, there is a three-fold increase in
body weight, lung volume, heart volume, and maximum oxy-
gen uptake.

Heart rate. HRrest is on the average above 125 (126 in girls and
135 in boys) at infancy. HRrest drops to adult levels at puberty.
HRmax is age related (220 minus age).

Stroke volume. Stroke volume is closely related to size. Children
5 to 16 years of age have a stroke volume of 30 to 40 mL.

260 Age Differences

BOX 7.8 Guidelines for Initiating an Aerobic
Exercise Program for the
Deconditioned Individual and the
Patient With Chronic Illness

■ Determine the exercise heart rate response that can be
safely reached using the Karvonen formula as a guide,
accounting for medical conditions, medications, and the
individual’s perceived exertion.

■ Initiate a program of activities for the patient that does not
elicit a cardiovascular response over the exercise heart
rate (e.g., walking, repetitive activities, easy calisthenics).

■ Provide patients with clearly written instructions about any
activity they perform on their own.

■ Initiate an educational program that provides the patient
with information about effort symptoms and exercise
precautions, monitoring the heart rate, and making
modifications when indicated.

BOX 7.9 Guidelines for Progression of an
Aerobic Training Program

■ Determine the maximum heart rate or symptom-limited
heart rate by multistage testing with ECG monitoring.

■ Decide on the threshold stimulus (percentage of maximum
or symptom-limited heart rate) that elicits a conditioning
response for the individual tested and that can be used as
the exercise heart rate.

■ Determine the frequency, intensity, and time of exercise
that results in attaining the exercise heart rate and a
training response.

■ Determine the type of exercise to be used based on the
individual’s physical capabilities and interest.

■ Initiate an exercise program with the patient and provide
clearly written instructions regarding the details of the
program.

■ Discuss how to progress the activity: increase time first,
then increase frequency, and then increase the intensity.

■ Educate the patient about:
■ Effort symptoms and the need to cease or modify

exercise when these symptoms appear and to
communicate with the physical therapist and/or 
physician about these problems.

■ Monitoring heart rate at rest as well as during and
following exercise.

■ The importance of exercising within the guidelines
provided by the physical therapist.

■ The importance of consistent long-term follow-up with the
exercise program so it can be progressed within safe limits.

■ The importance of modifying risk factors related to
cardiac problems.
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Cardiac output. Cardiac output is related to size. Cardiac
output increases with increasing stroke volume. The increase
in cardiac output for a given increase in oxygen consumption
is a constant throughout life: it is the same in the child as in
the adult.

Arteriovenous oxygen difference. Children tolerate a larger
arteriovenous oxygen difference (a-VO2) than adults. The larger
a-VO2 difference makes up for the smaller stroke volume.

Maximum oxygen uptake. The VO2max increases with age
up to 20 years (expressed as liters per minute). Before puberty,
girls and boys show no significant difference in maximum
aerobic capacity. Cardiac output in children is the same as in
the adult for any given oxygen consumption. Endurance times
increase with age until 17 to 18 years.

Blood pressure. Systolic blood pressure increases from 
40 mm Hg at birth to 80 mm Hg at age 1 month to 100 mm
Hg several years before puberty. Adult levels are observed at
puberty. Diastolic blood pressure increases from 55 to 70 mm
Hg from 4 to 14 years of age, with little change during 
adolescence.

Respiration. Respiratory rate decreases from 30 breaths per
minute at infancy to 16 breaths per minute at 17 to 18 years
of age. Vital capacity and maximum voluntary ventilation are
correlated with height, although the greater increase in boys
than girls at puberty may be due to an increase in lung tissue.

Muscle mass and strength. Muscle mass increases through
adolescence, primarily owing to muscle fiber hypertrophy and
the development of sarcomeres. Sarcomeres are added at the
musculotendinous junction to compensate for the required
increase in length. Girls develop peak muscle mass between
16 and 20 years, whereas boys develop peak muscle mass be-
tween 18 and 25 years. Strength gains are associated with in-
creased muscle mass in conjunction with neural maturation.

Anaerobic ability. Children generally demonstrate a limited
anaerobic capacity. They produce less lactic acid which may
be due to a limited glycolytic capacity.

Young Adults
There are more data on the physiological parameters of fitness
for the young and middle-aged adult than for children or the
elderly.

Heart rate. HRrest reaches 60 to 65 beats per minute at 17 to
18 years of age (75 beats per minute in a sitting, sedentary
young man). HRmax is age related (190 beats per minute in
the same sedentary young man).

Stroke volume. The adult values for stroke volume are 60 to
80 mL (75 mL in a sitting, sedentary young man). With max-
imum exercise, stroke volume is 100 mL in that same seden-
tary young man.

Cardiac output for the sedentary young man at rest. Car-
diac output at rest is 75 beats per minute × 75 mL, or 5.6 liters

per minute. With maximum exercise, cardiac output is 190 beats
per minute × 100 mL, or 19 liters per minute.

Arteriovenous oxygen difference. Approximately 25% to
30% of the oxygen is extracted from blood as it runs through
the muscles or other tissues at rest. In a normal, sedentary
young man, it increases three-fold (5.2 to 15.8 mL/dL blood)
with exercise.

Maximum oxygen uptake. The difference in VO2 max

between males and females is greatest in the adult. Differences
in VO2 max between the sexes is minimal when VO2 max is 
expressed relative to lean body weight. In the sedentary young
man, maximum oxygen uptake equals 3,000 mL/min (oxygen
uptake at rest equals 300 mL/min).

Blood pressure. Systolic blood pressure is 120 mm Hg 
(average). At peak effort during exercise, values may range
from as low as 190 mm Hg to as high as 240 mm Hg. Diastolic
blood pressure is 80 mm Hg (average). Diastolic pressure does
not change markedly with exercise.

Respiration. Respiratory rate is 12 to 15 breaths per minute.
Vital capacity is 4,800 mL in a man 20 to 30 years of age. 
Maximum voluntary ventilation varies considerably from lab-
oratory to laboratory and is dependent on age and the surface
area of the body.

Muscle mass and strength. Muscle mass increases with
training as a result of hypertrophy. This hypertrophy can be
the result of an increased number of myofibrils or increased
actin and myosin, sarcoplasm, and/or connective tissue. As
the nervous system matures, increased recruitment of motor
units or decreased autogenic inhibition by Golgi tendon 
organs appears also to dictate strength gains.

Anaerobic ability. Anaerobic training increases the activity
of several controlling enzymes in the glycolytic pathway and
enhances stored quantities of ATP and PC. Anaerobic training
increases the muscle’s ability to buffer the hydrogen ions re-
leased when lactic acid is produced. Increased buffering allows
the muscle to work anaerobically for longer periods of time.

Older Adults
(See Chapter 24 for additional information on exercise in the
older adult population.)

Heart rate. HRrest is not influenced by age. HRmax is age related
and decreases with age (in very general terms, 220 minus age).
The average HRmax for men 20 to 29 years of age is 190 beats/
min. For men 60 to 69 years of age, it is 164 beats/min. The
amount that the HR increases in response to static and max-
imum dynamic exercise (hand grip) decreases in the elderly.

Stroke volume. Stroke volume decreases in the aged and results
in decreased cardiac output.

Cardiac output. Cardiac output decreases with age as the
result of a decrease in stroke volume and other age-related
health changes which affect preload and afterload.
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Arteriovenous difference. Arteriovenous oxygen difference
decreases as a result of decreased lean body mass and low 
oxygen-carrying capacity.

Maximum oxygen uptake. According to cardiorespiratory
fitness classification, if men 60 to 69 years of age of average fit-
ness level are compared with men 20 to 29 years of age of the
same fitness level, the maximum oxygen uptake for the older
man is lower (20 to 29 years is 31 to 37 mL/kg per minute; 
60 to 69 years is 18 to 23 mL/kg per minute). Aerobic capacity
decreases about 10% per decade when evaluating sedentary
men. VO2 max decreases on an average from 47.7 mL/kg per
minute at age 25 years to 25.5 mL/kg per minute at age 
75 years. This decrease is not directly the result of age; athletes
who continue exercising have significantly less decrease in 
VO2 max when evaluated over a 10-year period.

Blood pressure. Blood pressure increases because of in-
creased peripheral vascular resistance (average systolic blood

pressure of the aged is 150 mm Hg; average diastolic blood
pressure is 90 mm Hg). 

Respiration. Respiratory rate increases with age. Vital capac-
ity decreases with age. There is a 25% decrease in the vital 
capacity of the 50- to 60-year-old man compared with the 
20- to 30-year-old man with the same surface area. Maximum
voluntary ventilation decreases with age.

Muscle mass and strength. Generally, the strength decline
with age is associated with a decrease in muscle mass 
and physical activity. The decrease in muscle mass is pri-
marily due to a decrease in protein synthesis, in concert
with a decline in the number of fast-twitch muscle fibers.
Aging may also affect strength by slowing the nervous sys-
tem’s response time. This may alter the ability to recruit
motor units effectively. Continued training as one ages 
appears to reduce the effects of aging on the muscular 
system.
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Independent Learning Activities

Critical Thinking and Discussion
1. The clinic in which you work has developed an outpatient

program to help overweight young adults lose weight and
improve their cardiorespiratory fitness. Your first client is
a 13-year-old male who is 5 feet, 3 inches tall and weighs
250 pounds.
■ Describe several methods of assessing this individual’s

current aerobic fitness level.
■ Outline an aerobic training program using the FITT-VP

model. Be specific as to the type of aerobic exercise this
client will do.

■ What precautions will you take working with this client?
2. You are an invited speaker at a senior citizen center for a

lunchtime discussion of lifetime fitness and establishing
an appropriate exercise program for individuals in this age
category.
■ Discuss the definition of physical activity, fitness, and

endurance.
■ Discuss the benefits of aerobic training and the effect of

training on HR, blood pressure, stroke volume, and car-
diac output.

■ Discuss the deleterious effects of sitting too much and
what an older adult could do to decrease these effects.

■ Describe the necessary precautions when dealing with
the older population (both the older athlete and the un-
trained individual).

3. Explain the concepts of energy expenditure, oxygen con-
sumption, and efficiency with regard to ambulating with
an assistive device in the following weight bearing scenar-
ios: nonweight bearing, partial weight bearing, and weight
bearing as tolerated. Consider the use of a walker and
crutches. How would energy expenditure change ambu-
lating upstairs with crutches?

4. Design an exercise program for the local firefighters. Uti-
lize the concepts of the aerobic energy systems, anaerobic
energy system, and strength training. What type of train-
ing activities would you prescribe keeping in mind the
specificity principle?

5. You have been invited to speak to a group of parents about
the importance of aerobic exercise for children. Explain
the basic physiological differences between children and
adults at rest with regard to HR, respiratory rate, and me-
tabolism and their response to exercise.
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Loss of balance and falling are problems that affect individ-
uals with a wide range of diagnoses. Physical therapists com-
monly evaluate balance and use balance training/exercises as
either primary or secondary interventions for patients under-
going many types of rehabilitation programs. The purpose of
this chapter is to present an overview of key background
terms and concepts related to balance, how balance control is
normally achieved in humans for a variety of conditions, pos-
sible causes of balance impairments, and evidence-based as-
sessments and interventions for enhancing all aspects of an
individual’s balance control.

Background and Concepts

Balance: Key Terms and Definitions
Balance, or postural stability, is a generic term used to describe
the dynamic process by which the body’s position is main-
tained in equilibrium. Equilibrium means that the body is ei-
ther at rest (static equilibrium) or in steady-state motion
(dynamic equilibrium). Balance is greatest when the body’s
center of mass (COM) or center of gravity (COG) is main-
tained over its base of support (BOS).

Center of mass. The COM is a point that corresponds to the
center of the total body mass and is the point at which the
body is in perfect equilibrium. It is determined by finding the
weighted average of the COM of each body segment.15

Center of gravity. The COG refers to the vertical projection
of the COM to the ground. In the anatomical position, the
COG of most adult humans is located slightly anterior to the
second sacral vertebra,15 or approximately 55% of a person’s
height.63

Momentum. Momentum is the product of mass times ve-
locity. Linear momentum relates to the velocity of the body
along a straight path, for example, in the sagittal or transverse
planes. Angular momentum relates to the rotational velocity
of the body.

Base of support. The BOS is defined as the perimeter of the
contact area between the body and its support surface; foot
placement alters the BOS and changes a person’s postural 
stability.118 A wide stance, such as is seen with many elderly
individuals, increases stability, whereas a narrow BOS, such
as tandem stance or walking, reduces it. As long as a person
maintains the COG within the limits of the BOS, referred to
as the limits of stability, he or she does not fall.

Limits of stability. “Limits of stability” refers to the sway
boundaries in which an individual can maintain equilibrium
without changing his or her BOS (Fig. 8.1).118 These boundaries
are constantly changing depending on the task, the individual’s
biomechanics, and aspects of the environment.159 For example,
the limits of stability for a person during quiet stance is the area
encompassed by the outer edges of the feet in contact with the
ground. Any deviations in the body’s COM position relative to
this boundary are corrected intermittently, producing a random
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swaying motion. For normal adults, the anteroposterior sway
limit is approximately 12° from the most posterior to most an-
terior position.121 Lateral stability varies with foot spacing and
height; adults standing with 4 inches between the feet can sway
approximately 16° from side to side.120 However, a person sitting
without trunk support has much greater limits of stability than
when standing because the height of the COM above the BOS
is less and the BOS is much larger (i.e., perimeter of the buttocks
in contact with a surface).

Ground reaction force and center of pressure. In accor-
dance with Newton’s law of reaction, the contact between our
bodies and the ground due to gravity (action forces) is always
accompanied by a reaction from it, the so-called ground 
reaction force.

The center of pressure (COP) is the location of the verti-
cal projection of the ground reaction force.181 It is equal
and opposite to the weighted average of all the downward
forces acting on the area in contact with the ground. If one
foot is on the ground, the net COP lies within that foot.
When both feet are on the ground, the net COP lies some-
where between the two feet, depending on how much
weight is taken by each foot. When both feet are in contact,
the COP under each foot can be measured separately. To
maintain stability, a person produces muscular forces to
continually control the position of the COG, which in turn
changes the location of the COP. Thus, the COP is a reflec-
tion of the body’s neuromuscular responses to imbalances
of the COG.182 A force plate is traditionally used to measure
ground reaction forces (in Newton’s [N]) and COP move-
ments (in meters [m]).

Balance Control
Balance is a complex motor control task involving the detec-
tion and integration of sensory information to assess the po-
sition and motion of the body in space and the execution of
appropriate musculoskeletal responses to control body posi-
tion within the context of the environment and task. Thus,

balance control requires the interaction of the nervous and
musculoskeletal systems and contextual effects (Fig. 8.2).

■  The nervous system provides the (1) sensory processing
for perception of body orientation in space provided
mainly by the visual, vestibular, and somatosensory sys-
tems; (2) sensorimotor integration essential for linking
sensation to motor responses and for adaptive and antic-
ipatory (i.e., centrally programmed postural adjustments
that precede voluntary movements) aspects of postural
control; and (3) motor strategies for planning, program-
ming, and executing balance responses.67

■  Musculoskeletal contributions include postural alignment,
musculoskeletal flexibility such as joint range of motion
(ROM), joint integrity, muscle performance (i.e., muscle
strength, power, and endurance), and sensation (touch,
pressure, vibration, proprioception, and kinesthesia).

■  Contextual effects that interact with the two systems are
the environment, whether it is closed (predictable with
no distractions) or open (unpredictable and with distrac-
tions); the support surface (i.e., firm versus slippery, 
stable versus unstable, and type of shoes); the amount 
of lighting; effects of gravity and inertial forces on the
body; and task characteristics (i.e., well learned versus
new, predictable versus unpredictable, and single versus
multiple tasks).

Even if all elements of the neurological and musculoskele-
tal systems are operating effectively, a person may fall if con-
textual effects force the balance control demands to be so high
that the person’s internal mechanisms are overwhelmed.

Sensory Systems and Balance Control
Perception of one’s body position and movement in space 
require a combination of information from peripheral receptors
in multiple sensory systems, including the visual, somatosensory
(proprioceptive, joint, and cutaneous receptors), and vestibular
systems.
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FIGURE 8.1 Boundaries of the limits of stability while standing, walking, and sitting.
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Visual System
The visual system provides information regarding (1) the po-
sition of the head relative to the environment, (2) the orien-
tation of the head to maintain level gaze, and (3) the direction
and speed of head movements because as a person’s head
moves, surrounding objects move in the opposite direction.
Visual stimuli can be used to improve a person’s stability
when proprioceptive or vestibular inputs are unreliable by fix-
ating the gaze on an object. Conversely, visual inputs some-
times provide inaccurate information for balance control,
such as when a person is stationary and a large object, such
as a nearby bus, starts moving, causing the person to have an
illusion of movement.

Somatosensory System
The somatosensory system provides information about the
position and motion of the body and body parts relative to
each other and the support surface. Muscle proprioceptors, in-
cluding muscle spindles and Golgi tendon organs (sensitive to
muscle length and tension), joint receptors (sensitive to joint
position, movement, and stress), and skin mechanoreceptors
(sensitive to vibration, light touch, deep pressure, and skin
stretch), are the dominant sensory inputs for maintaining bal-
ance when the support surface is firm, flat, and fixed. However,
when standing on a surface that is moving (e.g., on a boat) or
on a surface that is not horizontal (e.g., on a ramp), inputs
about body position with respect to the surface are not appro-
priate for maintaining balance; therefore, a person must rely
on other sensory inputs for stability in these conditions.159

Information from joint receptors does not contribute greatly
to conscious joint position sense. It has been demonstrated that

local anesthetization of joint tissues and total joint replacement
does not impair joint position awareness.56,57 Muscle spindle
receptors appear to be mostly responsible for providing joint
position sense, whereas the primary role of joint receptors is to
assist the gamma motor system in regulating muscle tone and
stiffness to provide anticipatory postural adjustments and to
counteract unexpected postural disturbances.131

Vestibular System
The vestibular system provides information about the posi-
tion and movement of the head with respect to gravity and
inertial forces. Receptors in the semicircular canals (SCCs)
detect angular acceleration of the head, whereas the receptors
in the otoliths (utricle and saccule) detect linear acceleration
and head position with respect to gravity. The SCCs are par-
ticularly sensitive to fast head movements, such as those made
during walking or during episodes of imbalance (slips, trips,
and stumbles), whereas the otoliths respond to slow head
movements, such as during postural sway.66,159

By itself, the vestibular system can give no information
about the position of the body. For example, it cannot distin-
guish a simple head nod (head movement on a stable trunk)
from a forward bend (head movement in conjunction with a
moving trunk).66 Consequently, additional information, par-
ticularly from mechanoreceptors in the neck, must be pro-
vided for the central nervous system (CNS) to have a true
picture of the orientation of the head relative to the body.131

The vestibular system uses motor pathways originating
from the vestibular nuclei for postural control and coordina-
tion of eye and head movements. The vestibulospinal reflex
brings about postural changes to compensate for tilts and

266 Background and Concepts

Musculoskeletal
System

Range of motion
flexibility

Postural
alignment

SensationMuscle
performance

Joint
integrity

Contextual
Effects

Environment
Support
surface

Gravity

Lighting

Task
characteristics

Nervous
System

Anticipatory
mechanisms

Sensory
processing

Sensorimotor
integration

Motor
strategies

Adaptive
mechanisms

FIGURE 8.2 Interactions of the musculoskeletal and nervous systems and contextual effects for balance control.
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movements of the body through vestibulospinal tract projec-
tions to antigravity muscles at all levels of the spinal cord. The
vestibulo-ocular reflex stabilizes vision during head and body
movements through projections from the vestibular nuclei to
the nuclei that innervate extraocular muscles.

Sensory Organization for Balance Control
Vestibular, visual, and somatosensory inputs are normally
combined seamlessly to produce our sense of orientation and
movement.131 Incoming sensory information is integrated
and processed in the cerebellum, basal ganglia, and supple-
mentary motor area.180 Somatosensory information has the
fastest processing time for rapid responses, followed by visual
and vestibular inputs.180 When sensory inputs from one 
system are inaccurate owing to environmental conditions or
injuries that decrease the information-processing rate, the
CNS must suppress the inaccurate input and select and com-
bine the appropriate sensory inputs from the other two 
systems. This adaptive process is called sensory organization.
Most individuals can compensate well if one of the three sys-
tems is impaired; therefore, this concept is the basis for many
treatment programs.

Types of Balance Control
Functional tasks require different types of balance control, in-
cluding (1) static balance control to maintain a stable anti-
gravity position while at rest, such as when standing and
sitting; (2) dynamic balance control to stabilize the body
when the support surface is moving or when the body is mov-
ing on a stable surface, such as sit-to-stand transfers or walk-
ing; and (3) automatic postural reactions to maintain balance

in response to unexpected external perturbations, such as
standing on a bus that suddenly accelerates forward.

■  Feedforward (open loop motor control) is utilized for move-
ments that occur too fast to rely on sensory feedback (e.g.,
reactive responses) or for anticipatory aspects of postural
control.

■  Anticipatory control involves activation of postural muscles
in advance of performing skilled movements, such as acti-
vation of posterior leg and back extensor muscles prior to
a person pulling on a handle when standing32 or planning
how to navigate to avoid obstacles in the environment.

■  Closed loop control is utilized for precision movements that
require sensory feedback (e.g., maintaining balance while
sitting on a ball or standing on a balance beam).

Motor Strategies for Balance Control
To maintain balance, the body must continually adjust its po-
sition in space to keep the COM of an individual over the BOS
or to bring the COM back to that position after a perturba-
tion. Horak and Nashner68 described three primary move-
ment strategies used by healthy adults to recover balance in
response to sudden perturbations of the supporting surface
(i.e., brief anterior or posterior platform displacements)
called ankle, hip, and stepping strategies (Fig. 8.3). Factors
that determine which strategy most effectively addresses a bal-
ance disturbance are identified in Box 8.1. Results of research
examining the patterns of muscle activity underlying these
movement strategies suggest that preprogrammed muscle
synergies comprise the fundamental movement unit used to
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FIGURE 8.3 Ankle, hip, and stepping strategies used by adults to control body sway.
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restore balance.68,122,123 A synergy is a functional coupling of
groups of muscles, so they must act together as a unit; this or-
ganization greatly simplifies the control demands of the CNS.

The CNS uses three movement systems to regain balance
after the body is perturbed: reflex, automatic, and voluntary sys-
tems. Table 8.1 summarizes the key characteristics of reflexes,
automatic postural responses, and voluntary movements.120

■  “Stretch” reflexes mediated by the spinal cord comprise the
first response to external perturbations. They have the
shortest latencies (<70 ms), are independent of task de-
mands, and produce stereotyped muscle contractions in
response to sensory inputs.

■  Voluntary responses have the longest latencies (>150 ms),
are dependent on task parameters, and produce highly
variable motor outputs (e.g., reach for a nearby stable sup-
port surface or walk away from a destabilizing condition).

■  Automatic postural reactions have intermediate latencies 
(80 to 120 ms) and are the first responses that effectively

prevent falls. They produce quick, relatively invariant
movements among individuals (similar to reflexes), but
they require coordination of responses among body re-
gions and are modifiable depending on the demands of the
task (similar to voluntary responses).

The reflex, automatic, and voluntary movement systems
interact to ensure that the response matches the postural
challenge.

Ankle Strategy (Anteroposterior Plane)
In quiet stance and during small perturbations (i.e., slow-
speed perturbations usually occurring on a large, firm sur-
face), movements at the ankle act to restore a person’s COM
to a stable position. For small external perturbations that
cause loss of balance in a forward direction (i.e., platform dis-
placements in a backward direction), muscle activation usu-
ally proceeds in a distal to proximal sequence: gastrocnemius
activity beginning about 90 to 100 ms after perturbation
onset, followed by the hamstrings 20 to 30 ms later, and finally
paraspinal muscle activation.119,120 In response to backward
instability, muscle activity begins in the anterior tibialis, fol-
lowed by the quadriceps and abdominal muscles.

Weight-Shift Strategy (Lateral Plane)
The movement strategy utilized to control mediolateral per-
turbations involves shifting the body weight laterally from one
leg to the other. The hips are the key control points of the
weight-shift strategy. They move the COM in a lateral plane
primarily through activation of hip abductor and adductor
muscles, with some contribution from ankle invertors and
evertors.120
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BOX 8.1 Factors Influencing Selection 
of Balance Strategies

■ Speed and intensity of the displacing forces
■ Characteristics of the support surface
■ Magnitude of the displacement of the center of mass
■ Subject’s awareness of the disturbance
■ Subject’s posture at the time of perturbation
■ Subject’s prior experiences

TABLE 8.1 Characteristics of the Three Movement Systems for Balance Control Following Perturbations

Characteristic Reflex Automatic Voluntary

Mediating pathway

Mode of activation

Comparative latency 
of response

Response

Role in balance

Factors modifying 
the response

Adapted from Nashner, LM: Sensory, neuromuscular, and biomechanical contributions to human balance. In Duncan, PW (ed): Balance Proceedings of
the APTA Forum. Alexandria, VA: American Physical Therapy Association, 1990: 5-12.120

Spinal cord

External stimulus

Fastest

Localized to point
of stimulus and
highly stereotyped

Muscle force
regulation

Musculoskeletal or
neurological
abnormalities

Brain stem/subcortical

External stimulus

Intermediate

Coordinated among leg and
trunk muscles; stereotypical
but adaptable

Resist disturbances

Musculoskeletal or
neurological abnormalities;
configuration of support;
prior experience

Cortical

External stimulus or self-stimulus

Slowest

Coordinated and highly variable

Generate purposeful movements

Musculoskeletal or neurological
abnormalities; conscious effort;
prior experience; task
complexity
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Suspension Strategy
The suspension strategy is observed during balance tasks
when a person quickly lowers his or her body COM by flexing
the knees, causing associated flexion of the ankles and hips.118

The suspension strategy can be combined with the ankle 
or the weight-shift strategy to enhance the effectiveness of a
balance movement.118

Hip Strategy
For rapid and/or large external perturbations or for move-
ments executed with the COG near the limits of stability, a
hip strategy is employed.118 The hip strategy uses rapid hip
flexion or extension to move the COM within the BOS.181 As
the trunk rotates rapidly in one direction, horizontal (shear)
forces are generated against the support surface in the oppo-
site direction, moving the COM in the opposite direction as
the trunk.118 The muscle activity associated with the hip strat-
egy has been studied by having a person stand crosswise on a
narrow balance beam while the support surface suddenly
moves backward (i.e., person sways forward) or forward (i.e.,
person sways backward).68 In response to a forward body
sway, muscles are typically activated in a proximal to distal
sequence: Abdominals beginning about 90 to 100 ms after
perturbation onset followed by activation of the quadriceps.
Backward body sway results in activation first of the
paraspinals followed by the hamstrings. A person cannot use
the hip strategy to restore balance while walking on slippery
surfaces because the large horizontal forces generated cause
the feet to slip.

Stepping Strategy
If a large force displaces the COM beyond the limits of sta-
bility, a forward or backward step is used to enlarge the BOS
and regain balance control. The uncoordinated step that fol-
lows a stumble on uneven ground is an example of a stepping
strategy.

Combined Strategies
Research has shown that movement response patterns to 
postural perturbations are more complex and variable than
originally described by Nashner.87 Most healthy individuals
use combinations of strategies to maintain balance depending
on the control demands. Balance control requirements vary
depending on the task and the environment. For example,
standing on a bus that is moving has higher control demands
than standing on a fixed surface. Therefore, it is important
during treatment of balance disorders to vary the task and 
environment so the person develops movement strategies for
different situations.

Balance Control Under Varying
Conditions
Balance During Stance
In quiet stance, the body sways like an inverted pendulum
about the ankle joint.181 The balance goal is to keep the

body’s COM safely within the BOS. To accomplish this goal,
an ankle strategy is utilized in which ankle muscles (i.e.,
ankle plantarflexors/dorsiflexors, invertors/evertors) are au-
tomatically and selectively activated to counteract body
sway in different directions. Other muscles that are toni-
cally active during quiet stance to maintain an erect posture
are the gluteus medius and tensor fasciae latae, the iliopsoas
to prevent hyperextension of the hip, and the thoracic
paraspinals (with some intermittent abdominal activation).7

Body alignment contributes to stability in quiet stance.
Standing with the body in optimal body alignment allows
the body to maintain balance with the least amount of muscle
energy expenditure.159

Balance With Perturbed Standing
Perturbations to balance in standing can be either internal
(i.e., voluntary movement of the body) or external (i.e.,
forces applied to the body). Both types of perturbations 
involve activation of muscle synergies, but the response
timing is proactive (i.e., anticipatory) for internally gener-
ated perturbations and reactive for externally generated
perturbations.181

Moving platform experiments have provided much infor-
mation about the motor strategies (i.e., ankle, hip, and step-
ping strategies) and associated muscle activation patterns that
result when a person is standing on a surface that unexpectedly
translates or tilts.88,117-119 With repetition of a platform per-
turbation, learning adaptation occurs that is characterized by
a significant reduction in the reactive response.106,117 For ex-
ample, Nashner117 found that upward rotation of a platform
initially elicited reflex contractions of the gastrocnemius mus-
cles of subjects, giving them the false impression that their
bodies were falling forward; with repeated tilts, the gastrocne-
mius response diminished, and by the fourth repetition, it was
completely absent. Thus, prior experience and feedforward 
anticipatory control have an important influence on balance
responses.

Balance During Whole-Body Lifting
One of the most common ways that balance is challenged
during everyday life is when lifting boxes or other large objects
that are resting on the floor or at a level that is low relative to
the person’s COM (Fig. 8.4). Loss of balance during lifting
may result in a fall, slip, or back injury.4,141,155

COM shift. During lifting, the movement of the body to-
ward the load disturbs the position of the COM. When a
load is lifted in front of the body, the COM is shifted forward
during flexion of the trunk and legs, which is an internal
disturbance to balance. The COM is further displaced for-
ward when the load is added to the hands, creating an ex-
ternal disturbance to balance. In this case, anticipatory
postural adjustments are needed to match whole-body back-
ward momentum (horizontal linear and angular) to the dis-
placement of the body and magnitude of the expected
load.31,61,62 The CNS estimates the amount of momentum
necessary for lifting the load based on previous experience
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with the load or other objects of similar physical properties
(e.g., size, weight, and density).62 The generation of back-
ward horizontal linear momentum serves to keep the COM
of the body within the base of support. The generation of
angular momentum is essential for movement of the person
with the load toward the upright posture.

Anticipated weight and momentum. The amount of
whole-body momentum and the lifting force generated are
scaled to the anticipated weight of the load.62 When a heavy
load is expected, sufficient levels of backward horizontal and

angular momentum are needed to counteract the additional
load, which tends to pull and rotate the body COM forward.
Subtle differences in lifting posture, which reflect the under-
lying differences in momentum, occur when subjects lift a
light load versus a heavy load (Fig. 8.5). Subjects tend to flex
their hips and knees more and shift their weight back when
lifting a heavy load (dark circles) than when lifting a light load
(light circles).

Loss of balance. Loss of balance during lifting can occur
when subjects overestimate or underestimate the weight of
the load.61 When the load weight is overestimated, too much
momentum is generated and the body tends to topple back-
ward. Most subjects compensate for this loss of balance by
taking a step backward. When the load weight is underesti-
mated, too little momentum is generated and the body tends
to topple forward, resulting in the load quickly coming back
to the ground.

Lifting style. The lifting style does appear to affect the
challenges to balance. Keeping the knees more extended
during lifting (Fig. 8.6) reduces the risk of balance loss, 
especially when the quadriceps are weak. Research compar-
ing lifting styles has found that loss of balance was more
common when subjects used a style of lifting in which the
knees were more flexed compared to when the knees were
straighter.27,30,61,167

Lifting instructions. Clinicians frequently instruct pa-
tients to use the leg lifting style, with the knees bent and the
trunk erect, when lifting loads (Fig. 8.7).112,162 This recom-
mendation is based on the assumption that leg lifting im-
poses lower compression loads on the spine than other styles
of lifting, such as the stoop lift, with the knees straight and
the trunk flexed.95 This assumption is likely true when the
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FIGURE 8.4 Balance during forward lifting with knees flexed.
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FIGURE 8.5 Postural adjustments for lifting a heavy versus a light load. When subjects approach a load (indicated by the vertical bar at time 0),
early in the lift subtle differences in the anticipatory postural adjustments are evident. When a heavy load is expected (dark circles) there is
greater flexion of the trunk, hips, and knees compared to when a light load is expected (light circles). (Adapted from Heiss, DG, Shields, RK, and
Yack, HJ: Anticipatory control of vertical lifting force and momentum during the squat lift with expected and unexpected loads. J Orthop Sports
Phys Ther 31(12):708–723; discussion 724–709, 2001.61)
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models, indicates that leg lifting results in higher compres-
sion forces on the spine compared to back lifting when the
load is not positioned between the legs.23,36,89,139 Although
researchers have consistently found that bending moments
and fascial strain are substantially greater with the back lift
compared to the squat lift,36,37 the magnitude of the bending
moments on the spine appear to be well below the threshold
for injury.2,36,172

Based on the current literature, it appears that if the ob-
jective of training for lifting is to reduce the load on the lum-
bar spine, other factors that have a more substantial effect on
reducing the load on the lumbar spine should be emphasized
over the selection of a lifting style, especially when placing the
load between the legs is not feasible.

CLINICAL TIP
Important factors for safe lifting include maintaining a neu-
tral spine, slowing the lifting speed, optimizing the horizontal
and vertical position of the load, avoiding asymmetrical lifts
(because of the increased lateral and twisting moments on the
spine) (Fig. 8.9), and reducing the load weight.172

If maintaining balance is a concern—especially in the 
elderly—lifting styles in which the knees are more extended,
such as with the semi-squat and stoop lift, are probably safer.
In younger individuals with strong quadriceps, the straddle
lift with one leg in front of the other to widen the base of 
support would reduce the risk of balance loss.
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FIGURE 8.6 Balance during forward lifting with knees extended.

FIGURE 8.7 Squat lift with trunk erect and object placed between
the feet.

FIGURE 8.8 Straddle lift with trunk erect and object placed 
between the feet.

load to be lifted can be placed between the feet (Figs. 8.7 
and 8.8). However, van Dieen and colleagues171 found little
evidence in the biomechanical literature to support that leg
lifting generally results in lower loads on the spine than back
lifting. Recent research, using sophisticated biomechanical
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Balance in Unperturbed Human Gait
During walking, the COM is always outside the BOS except dur-
ing the short double support period.181 Therefore, the balance
goal is to move the body outside the BOS by letting the body fall
forward and yet prevent a fall. To accomplish this goal, a person
must be able to maintain balance and posture of the upper body
(i.e., head, arms, and trunk) and vertical alignment of the body
against gravity. Trunk and hip muscles (flexors/extensors in the
sagittal plane; abductors/adductors in the frontal plane) keep
the upper body balanced, and extensor muscles of the lower 
extremities prevent vertical collapse.181,182 The ankle muscles
control anterior/posterior or medial/lateral acceleration of the
body’s COG but are not able to prevent falls.181 Fine motor con-
trol of the foot during the swing phase involving anticipatory
activation of the ankle dorsiflexors ensures minimum toe clear-
ance (0.55 cm) to prevent trips.135

Impaired Balance

Impaired balance can be caused by injury or disease to 
any structures involved in the three stages of information
processing—sensory input, sensorimotor integration, and
motor output generation.

Sensory Input Impairments
Proprioceptive deficits have been implicated as contribut-
ing to balance impairments following lower extremity and
trunk injuries or pathologies. Decreased joint position

sense has been reported in individuals with recurrent ankle
sprains,14,46,49,54 knee ligamentous injuries,6,134,148 degen-
erative joint disease,6 and low back pain (LBP).17,51,94 These
same conditions have been associated with increased pos-
tural sway compared to that of controls.3,33,46,49,94,113,129,178

It is unclear whether decreased joint position sense is due
to changes in joint receptors or in muscle receptors.

Somatosensory, visual, or vestibular deficits may impair
balance and mobility.

■  Reduced somatosensation in the lower extremities caused by
peripheral polyneuropathies in the aged and in individuals
with diabetes is associated with balance deficits143,144,160,169

and an increased risk for falls.76,144 These individuals tend to
rely more heavily on a hip strategy to maintain balance than
do those without somatosensory deficits.69

■  Visual loss or specific deficits in acuity, contrast sensitivity,
peripheral field vision, and depth perception caused by dis-
ease, trauma, or aging can impair balance and lead to falls.25,80

■  Individuals with damage to the vestibular system due to
viral infections, traumatic brain injury (TBI), or aging may
experience vertigo (a feeling of spinning) and postural in-
stability. Black and colleagues12 found that patients with
severe bilateral loss of vestibular function are unable to use
hip strategies even when standing crosswise on a narrow
beam, although ankle strategies are unaffected.

Sensorimotor Integration
Impairments
Damage to the basal ganglia, cerebellum, or supplementary
motor area impairs processing of incoming sensory informa-
tion, resulting in difficulty adapting sensory information in
response to environmental changes and in disruption of an-
ticipatory and reactive postural adjustments.70,120,159 When
stance is perturbed by platform translations, patients with
Parkinson’s disease tend to have a smaller than normal am-
plitude of movement due to co-activation of muscles on both
sides of the body, whereas patients with cerebellar lesions 
typically demonstrate larger response amplitudes.159

Sensory organization problems that manifest as overreliance
on one particular sense for balance control or a more general-
ized inability to select an appropriate sense for balance control
when one or more senses give inaccurate information have
been demonstrated in patients with a wide variety of neuro-
logical conditions.159 Individuals who rely heavily on visual in-
puts (visually dependent) or somatosensory inputs (surface
dependent) become unstable or fall under conditions in which
the preferred sense is either absent or inaccurate, whereas those
with generalized adaptation problems are unstable in any con-
dition in which a sensory input is not accurate.

Biomechanical and Motor Output
Impairments
Deficits in the motor components of balance control can be
caused by musculoskeletal (i.e., poor posture, joint ROM
limitations, and decreased muscle performance) and/or 
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FIGURE 8.9 Side lift with the right trunk in lateral flexion and rota-
tion results in high loads on the lumbar spine and should be avoided.
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neuromuscular system (i.e., impaired motor coordination, and
pain) impairments. Postural malalignment, such as the typical
thoracic kyphosis of the elderly, that shifts the COM away from
the center of the BOS increases a person’s chance of exceeding
his or her limits of stability.120 Because each segment within the
legs exerts forces on its adjunct segments, impaired ROM or
muscle strength at one joint can alter posture and balance
movements throughout the entire limb. For example, restric-
tion of ankle motion by contractures or wearing ankle-foot 
orthoses and/or ankle dorsiflexor weakness eliminates the use
of an ankle strategy, resulting in increased use of hip and trunk
muscles for balance control.19,150

In individuals with neurological conditions (e.g., stroke,
TBI, and Parkinson’s disease), failure to generate adequate
muscle forces due to abnormal tone or impaired coordination
of motor strategies may limit the person’s ability to recruit
muscles required for balance.159

Pain can alter movements; reduce a person’s normal sta-
bility limits; and, if persistent, produce secondary strength
and mobility impairments.

Deficits With Aging
Falls are common and are a major cause of morbidity, mortality,
reduced functioning, and premature nursing home admissions
in persons over age 65.25,38,126,147,149 The most common risk fac-
tors associated with falls in the elderly are listed in Box 8.2. Most
falls by the elderly are likely due to complex interactions between
multiple risk factors. Clinicians are encouraged to follow pub-
lished guidelines for the prevention of falls by older persons
when prescribing fall prevention interventions.1

Declines in all sensory systems (somatosensory, vision,
and vestibular) and all three stages of information processing
(i.e., sensory processing, sensorimotor integration, and
motor output) are found with aging.96,159 In comparison to
young adults, older adults have more difficulty maintaining

balance when sensory inputs from more than one system are
greatly reduced, particularly when they must rely solely on
vestibular inputs for balance control.144,184 Studies of 
response patterns to platform perturbations in older adults
have demonstrated the following motor strategy changes
compared to those of young adults.

■  Slower-onset latencies161,184

■  More frequent use of a hip strategy for balance control71

■  Limitations in the ability to maintain balance when chal-
lenged with perturbations of increasing magnitude and
velocity97

Impaired anticipatory postural adjustments prior to mak-
ing voluntary movements have been demonstrated in older
individuals and may explain the high incidence of falls during
activities such as walking, lifting, and carrying objects.45,79

Valid and reliable outcome measures for assessing fall risk in
the elderly are listed in Table 8.2. The BESTest, mini-BESTest,
and Brief-BESTest are emerging fall risk assessments that have
primarily been studied in the Parkinson’s disease population.40

CLINICAL TIP
Divided attention as when a person is doing two tasks simulta-
neously (i.e., walking while doing a secondary cognitive or
motor task) can lead to postural instability and falls, particularly
in the elderly.142,158 Modified versions of the Timed Up-and-Go
Test138 with secondary cognitive and motor tasks can be used
by clinicians to assess the influence of divided attention on 
balance control.104,156 If deficits are found, patients should be
allowed to practice walking while doing a secondary task and
progress to doing multiple tasks according to their improve-
ments in performance.

Elderly individuals who have experienced one or more
falls may develop fear of falling, which leads to a loss of 
confidence in a person’s ability to perform routine tasks, re-
stricted activity, social isolation, functional decline, depres-
sion, and decreased quality of life.25,91 The fear of falling
arises more often from a person’s fear of institutionalization
than a fear of injury.75 Individuals with fear of falling demon-
strate perceived stability limits that are reduced from their
actual stability limits and gait changes, including decreased
stride length, reduced speed, increased stride width, and in-
creased double-support time.24,105 It is important that clini-
cians screen patients for fear of falling with instruments, such
as the Activities-Specific Balance Confidence (ABC) Scale140

or the Fall Efficacy Scale,166 so evidence-based interventions
that reduce fear of falling and promote physical, social, and
functional activity are implemented.16,164,175

Deficits From Medications
There is an increased risk of falling among older individuals
who take four or more medications and among those taking
certain medications (i.e., hypnotics, sedatives, tricyclic 
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BOX 8.2 Most Common Risk Factors for Falls
Among the Elderly

■ Muscle weakness
■ History of falls
■ Gait deficit
■ Balance deficit
■ Use of assistive device
■ Visual deficit
■ Arthritis
■ Impaired activities of daily living
■ Depression
■ Cognitive impairment
■ Age >80 years

(From American Geriatrics Society British Geriatrics Society,
American Academy of Orthopaedic Surgeons Panel on Fall
Prevention: Guidelines for the prevention of falls in older
persons. J Am Geriatr Soc 49:664–672, 2001.1)
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antidepressants, tranquilizers, and antihypertensive drugs)
due to dizziness or other side effects.1,25 Individuals who
have fallen should have their medications reviewed and 
altered or stopped as appropriate to prevent future falls.

Management of Impaired
Balance

Examination and Evaluation 
of Impaired Balance
The key elements of a comprehensive evaluation of individ-
uals with balance problems include the following:

■  A thorough history of falls (whether onset of falls is sudden
versus gradual; the frequency and direction of falls; the en-
vironmental conditions, activities, and presence of dizzi-
ness, vertigo, or lightheadedness at time of the fall; current
and past medications; and presence of fear of falling)

■  Assessments to identify sensory input (proprioceptive, visual,
and vestibular), sensory processing (sensorimotor integra-
tion, anticipatory and reactive balance control), and biome-
chanical and motor (postural alignment, muscle strength and
endurance, joint ROM and flexibility, motor coordination,
and pain) impairments contributing to balance deficits

■  Tests and observations to determine the impact of balance
control system deficits on functional performance

■  Environmental assessments to determine fall risk hazards
in a person’s home.25

Commonly used tests and measures for each of the three
categories of balance assessment are presented in Table 8.3.
Clinicians should carefully select a variety of tests and meas-
ures that assess all of the various types of balance control.

Static Balance Tests
Static balance can be assessed by observing the patient’s ability
to maintain different postures.

■  The Romberg Test127 tests the patient’s ability to stand with
the feet parallel and together with the eyes open and then
closed for 30 seconds.

■  The sharpened Romberg, also known as the tandem
Romberg,127 requires the patient to stand with the feet in a
heel-to-toe position with arms folded across the chest and
eyes closed for 1 minute. The Romberg and sharpened
Romberg tests are screening tools that help the therapist to
decide if more specific testing is needed to determine the
cause of imbalance or to establish a person’s balance status.  

■  The Single-Leg Balance Stance Test173 (SLB) asks the patient
to stand on one leg without shoes with arms crossed or
hands on hips without letting the legs touch each other.
Three 30-second trials are performed for each leg, and a best
or a mean time of the three trials is recorded. The SLB is re-
liable and has been found to predict injurious falls in com-
munity-dwelling elderly173 and ankle sprains in athletes.168

■  The Stork Stand Test84 is performed by having the patient
stand on both feet with hands on the hips, then lift one leg
and place the toes of that foot against the knee of the other
leg. On command from the tester, the patient then raises the
heel to stand on the toes and tries to balance for as long as
possible without letting either the heel touch the ground or
the other foot move away from the knee. Normal adults
should be able to balance for 20 to 30 seconds on each leg.

Dynamic Balance Tests
Dynamic balance control can be assessed by observations of
how well the patient is able to stand or sit on unstable sur-
faces (e.g., foam or Swiss ball); transition from one position
to another (e.g., supine-to-sit or sit-to-stand transfers); and
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TABLE 8.2 Outcome Measures for Fall Risk Assessment 

Outcome Measure Perfect Score Cut-off Score (Sensitivity, Specificity)*

Berg Balance Test

Tinetti Performance-Oriented Mobility 
Assessment

Timed Up-and-Go Test

Four-Square Step Test

Dynamic Gait Index

Functional Gait Assessment

Five-Times-Sit-to-Stand 
Test

ABC Scale

*Sensitivity and specificity values are given for community-dwelling elderly. 
**Sensitivity and specificity values are for elderly in long-term self-care and nursing care facilities.

56

28 (Balance subscale 16,
Gait subscale 12)

N/A (timed test)

N/A (timed test)

24

30

N/A (timed test)

100%

<46 (25%, 87% for predicting any fall and 42%,
87% for multiple falls)115

<20 for elderly (64%/66%)**42 and individuals
with Parkinson’s disease (76%, 66%)86

>13.5 seconds (87%, 87%)156

>15 seconds (89%, 85%)35

<20 (67%, 86%)185

<23 (100%, 72%)185

>15 seconds (55%, 65%)18

<67% (84%, 88%)92
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perform activities such as walking, jumping, hopping, and
skipping.

■  The Five-times-sit-to-stand test (5 × STS) can be used to
evaluate balance control when moving between sitting and
standing.34 The person is seated in a chair with the arms
across the chest and then stands up and sits back down as
quickly as possible five times consecutively while being
timed. A score of >15 seconds on the 5 × STS was found to
predict recurrent falls (sensitivity 55%, specificity 65%) in
2,735 community-dwelling elderly individuals.18

Anticipatory Postural Control Tests
Anticipatory postural control is evaluated by having the 
patient perform voluntary movements that require the devel-
opment of a postural set to counteract a predicted postural
disturbance. The patient’s ability to catch balls, open doors,

lift objects of different weights, and reach without losing bal-
ance is indicative of adequate anticipatory control.

■  The Functional Reach Test39 and the Multi-Directional
Reach Test128 require the patient to reach in different direc-
tions as far as possible without changing the BOS. Normative
data are available, and the tests are reliable and valid.128

■  The Star Excursion Balance Test (SEBT) is a test of lower
extremity reach that challenges an individual’s limits of 
stability.132 The patient is instructed to reach as far as pos-
sible with one leg in each of eight prescribed directions
while maintaining balance on the contralateral leg. The test
is reliable64,90 and has validity to detect dynamic balance
deficits in individuals with chronic ankle instability, anterior
cruciate ligament deficiency, or patellofemoral pain syn-
drome; to predict risk of lower extremity injury in high
school athletes; and to show improvement in performance
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TABLE 8.3 Balance Assessments and Interventions

Category of Balance Interventions if Deficits 
Assessment Clinical Tests/Measures* Present

Static

Dynamic

Anticipatory 
(feedforward)

Reactive (feedback)

Sensory organization

Balance during 
functional activities

Safety during gait, 
locomotion, or 
balance

*Tests are listed in relative order of least to most difficult to perform.

Observations of patient maintaining different postures;
Romberg Test127; sharpened (tandem) Romberg127;
Single-Leg Stance Test173; Stork Stand Test84

Observations of patient standing or sitting on unstable
surface or performing postural transitions and functional
activities; Five-times-sit-to-stand test (5 × STS)34

Observations of patient catching ball, opening doors,
lifting objects of different weights; Functional Reach
Test39; Multidirectional Reach Test128; Star Excursion
Balance Test132; Y-Balance Test152

Observation of patient’s responses to pushes (small or
large, slow or rapid, anticipated and unanticipated); Pull
Test116; Push and Release Test (PRT)81; Postural Stress
Test183

Clinical Test of Sensory Integration on Balance Test
(CTSIB)157 or modified CTSIB, Balance Error Scoring
System (BESS)58

Berg Balance Scale (BBS)11; Timed Up and Go Test
(TUG)138; Tinetti Performance-Oriented Mobility
Assessment (POMA)165; Balance Evaluation Systems Test
(BESTest) or mini-BESTest72; Four Square Step Test
(4SST)35; Dynamic Gait Index (DGI)159; Functional Gait
Assessment (FGA)186; Community Balance and Mobility
Scale73; High Level Mobility Assessment (HiMat)179;
Dizziness Handicap Inventory (DHI)82

Observations; home assessments; Falls Efficacy
Scale166; Activities-Specific Balance Confidence (ABC)
Scale 140

Vary postures
Vary support surface
Incorporate external loads

Moving support surfaces
Move head, trunk, arms, legs
Transitional and locomotor activities

Reaching
Catching
Kicking
Lifting
Obstacle course

Standing sway
Ankle strategy
Hip strategy
Stepping strategy
Perturbations

Reduce visual inputs
Reduce somatosensory cues

Functional activities
Dual or multitask activities (e.g.,
walking with secondary cognitive or
motor task)

Balance within stability limits,
environmental modifications,
assistive devices, external 
support
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after balance training in patients with chronic ankle insta-
bility and healthy adults .8,55,137 A more time-efficient test
based on research suggesting redundancy in the eight direc-
tions of the SEBT is the Y-Balance Test (YBT).152 The patient
reaches with one leg in only three directions (anterior, pos-
teromedial, and posterolateral). The YBT has been found 
to be reliable and valid and is predictive of lower extremity
injury in athletes.93,136,137,152

Reactive Postural Control Tests
Automatic postural responses or reactive control can be as-
sessed by the patient’s response to external perturbations.

■  Pushes (small or large, slow or rapid, and anticipated and
unanticipated) applied in different directions to the ster-
num, posterior trunk, or pelvis are used widely, but they
are not quantifiable or reliable. The clinician subjectively
rates the responses as normal, good, fair, poor, or unable.

■  The Pull Test,116 Push and Release Test,81 and Postural
Stress Test183 are more objective and reliable measures of
reactive postural control.

Sensory Organization Tests
The Clinical Test of Sensory Integration on Balance Test
(CTSIB), also called the “Foam and Dome” Test,157 measures
the patient’s ability to balance under six different sensory
conditions:

1. Standing on a firm surface with the eyes open (visual, 
somatosensory, and vestibular information accurate)

2. Standing on a firm surface with the eyes closed (somatosen-
sory and vestibular information accurate)

3. Standing on a firm surface wearing a dome made from a
modified Japanese lantern (somatosensory and vestibular
information accurate, visual information inaccurate)

4. Standing on a foam cushion with the eyes open (visual
and vestibular information accurate, somatosensory 
inaccurate)

5. Standing on foam with the eyes closed (vestibular infor-
mation accurate, somatosensory information inaccurate)

6. Standing on foam wearing the dome (vestibular information
accurate, somatosensory and visual information inaccurate).

The patient stands with feet parallel and arms at sides or
hands on hips. A minimum of three 30-second trials of each
condition are performed.

■  Individuals who rely heavily on visual inputs for balance
(i.e., visual dependent) will become unstable or fall in 
conditions 2, 3, 5, and 6.

■  Those who rely heavily on somatosensory inputs (i.e., surface
dependent) will show deficits with conditions 4, 5, and 6.

■  Individuals with generalized adaptation problems will be
unstable in conditions 3, 4, 5, and 6.

■  Individuals with vestibular loss will be very unstable in
conditions 5 and 6.

NOTE: Because no difference was found in scores between
conditions 2 and 3 and conditions 5 and 6,29 the dome portions

have been removed from the CTSIB. The modified version con-
sists of the four conditions of eyes open and closed while stand-
ing on the floor and then on a piece of foam. A computerized
version of the CTSIB using a moveable force plate and visual
surround is called the Sensory Organization Test.120

The Balance Error Scoring System (BESS) is a clinical test
of postural stability that requires an individual to assume three
different stance positions (double leg, single leg, and tandem)
while standing on a firm surface and then standing on a piece
of foam with eyes closed for a total of six 20-second trials.58

The tester observes for six types of errors in performance such
as opening the eyes, steps, stumbles, or falls. Performance is
scored by adding one error point for each error committed.
The BESS has moderate to good interrater reliability and is
useful for identifying balance deficits in individuals with con-
cussion, functional ankle instability, external ankle bracing, 
fatigue, and older age.9,58

Functional Tests
Functional tests are used to determine activity limitations
and participation restrictions and to identify tasks that a
patient needs to practice. Four mobility scales (i.e., Tinetti
Performance-Oriented Mobility Assessment [POMA],165

Timed Up and Go Test [TUG],138 Berg Balance Scale, and
Four Square Step Test [4SST35]) and two gait scales (i.e.,
Dynamic Gait Index159 and Functional Gait Assessment186)
can be easily used to assess balance performance during
functional activities. Most of these tests were designed to
assess fall risk in the elderly, with the exception of the Func-
tional Gait Assessment, which was developed specifically
for use with patients with vestibular disorders. The most
comprehensive clinical balance tool currently available is
the Balance Evaluation Systems Test (BESTest), a 36-item
test consisting of balance tasks borrowed from several bal-
ance measures that assesses 6 systems underlying balance
control (i.e., biomechanical constraints, stability limits/
verticality, anticipatory postural adjustments, postural 
responses, sensory orientation, and stability in gait).72 The
BESTest was shortened to 14 items (mini-BESTest) and then
to 6 items (brief-BESTest) to increase its use in the clinical
setting.44, 133 The Community Balance and Mobility Scale73

and the High Level Mobility Assessment Tool179 can be used
to evaluate balance and mobility in people who are ambu-
latory and functioning at a high level, yet have some balance
deficits. The 25-item Dizziness Handicap Scale is a ques-
tionnaire that can evaluate the self-perceived impact of
dizziness and unsteadiness on functional activities in 
people with vestibular disorders.82

Balance Training
There are many factors to consider when developing an in-
tervention program for balance impairments. Most balance
intervention programs require a multisystem approach. For
example, an individual who has experienced prolonged bed
rest or inactivity following an illness may require a program
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that includes stretching the lower extremities and trunk to
improve postural alignment and mobility; strengthening 
exercises to improve motor performance; and dynamic, func-
tional balance activities to improve the ability to perform
daily activities safely. 

The focus of attention is important when improving 
balance performance through training. An external focus of
attention means that the performer is attending to the external
environment when practicing balance control.26,188 For 
example, if balancing on a tilt board, the instruction would
be to keep the board horizontal; or, if holding a bar in an out-
stretched hand, the instruction would be to keep the bar hor-
izontal.10,26 An external focus of attention is more effective
for motor learning than instruction or feedback that pro-
motes an internal focus of attention, which directs the learner
to focus on body movements or positions—for example,
keeping the feet horizontal on a tilt board or keeping the
trunk posture straight. It is suggested that an external focus
of attention facilitates the use of unconscious, fast, and reflex-
ive control processes (e.g., automaticity) and speeds up the
learning process.26,187,189

The following elaborates on the interventions suggested
previously (see Table 8.3), which are based on identified
deficits in static, dynamic, anticipatory, and reactive con-
trol, as well as problems involving sensory organization,
function, and safety. For specific procedures to address
musculoskeletal problems such as strength, joint mobility,
flexibility, or posture, refer to the chapters of this textbook
addressing these interventions or to chapters focused on
specific regions of the body.

Because balance training often involves activities that chal-
lenge the patient’s limits of stability, it is important that the
therapist takes steps to ensure the patient’s safety. Box 8.3 lists
safety measures that should be considered and utilized to pre-
vent falls and injuries during therapy.

CLINICAL TIP
Cognitive deficits can considerably impact the success of bal-
ance training programs. If deficits are moderate to severe and
a person is unable to follow directions, then performance of
specific balance exercises may be unsafe and have limited suc-
cess. In these cases, repetitive practice of common functional
activities is advised.

Static Balance Control
Activities to promote static balance control include having
the patient maintain sitting, half-kneeling, tall kneeling, and
standing postures on a firm surface.

■  To promote an external focus of attention, have the patient
hold a bar in the outstretched hand and instruct him/her
to maintain the bar in a horizontal position.

■  More challenging activities include practice in the tan-
dem and single-leg stance (Fig. 8.10), lunge, and squat
positions.

■  Progress these activities by working on soft surfaces (e.g.,
foam, sand, and grass), narrowing the base of support,
moving the arms, or closing the eyes.

■  Provide resistance via handheld weights or elastic resistance
(Figs. 8.11 and 8.12).

■  Add a secondary task (i.e., catching a ball or mental 
calculations) to further increase the level of difficulty
(Fig. 8.13).

CHAPTER 8 Exercise for Impaired Balance 277

BOX 8.3 Safety During Balance Training

1. Use a gait belt any time the patient practices exercises or
activities that challenge or destabilize balance.

2. Stand slightly behind and to the side of the patient with one
arm holding or near the gait belt and the other arm on or
near the top of the shoulder (on the trunk, not the arm).

3. Perform exercises near a railing or in parallel bars to allow
patient to grab when necessary.

4. Do not perform exercises near sharp edges of equipment
or objects.

5. Have one person in front and one behind when working
with patients at high risk of falling or during activities that
pose a high risk of injury.

6. Check equipment to ensure that it is operating correctly.
7. Guard patient when getting on and off equipment (such

as treadmills and stationary bikes).
8. Ensure that the floor is clean and free of debris.

FIGURE 8.10 Balance during single leg stance.
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Dynamic Balance Control
To promote dynamic balance control, interventions may in-
volve the following:

■  Have the patient practice balance control while on moving
surfaces, such as sitting on a therapeutic ball, standing on
wobble boards (Fig. 8.14), or bouncing on a mini-trampoline.
To promote an external focus, instruct the patient to
focus on keeping the ball from rolling or the wobble
board level.

■  Progress the activities by superimposing movements such
as shifting the body weight, rotating the trunk, and moving
the head or arms (Fig. 8.15).

■  Vary the position of the arms from out to the side to above
the head (Fig. 8.16).

■  Practice stepping exercises starting with small steps and
then mini-lunges to full lunges. For external focus, imagine
you have a plank against your back and push as hard as you
can on the floor underneath the stance leg. 

■  Progress the exercise program to include hopping, skip-
ping, rope jumping, and hopping down from a small stool
while maintaining balance.

■  Have the patient perform arm and leg exercises while
standing with normal stance, tandem stance, and single-
leg stance (Fig. 8.17).
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FIGURE 8.11 Balance while standing with resistance provided to
the arms via elastic resistance.

FIGURE 8.13 Balance while standing and catching a ball.

FIGURE 8.12 Balance while standing with arm abducting and 
holding a weight.
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FIGURE 8.14 Balance while standing on wobble boards.

FIGURE 8.15 Balance while standing on wobble boards with arm
movements.

FIGURE 8.16 Balance while standing on wobble boards with arms
above the head.

FIGURE 8.17 One-legged stance with resisted shoulder extension
using elastic resistance.
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Anticipatory Balance Control
Practice anticipatory balance control by performing the 
following:

■  Reach in all directions to touch or grasp objects, catching
a ball, or kicking a ball. To promote external focus, instruct
the patient to focus on the object. For example, touch the
object lightly, catch the ball softly, or kick the ball far.

■  Use different postures for variation (e.g., sitting, standing,
and kneeling) and throwing or rolling the ball at different
speeds and heights (Fig. 8.18).

■  Use functional tasks that involve multiple parts of the body
to increase the challenge to anticipatory postural control
by having the patient lift objects of varying weight in dif-
ferent postures at varying speeds, open and close doors
with different handles and heaviness, or maneuver through
an obstacle course.

Reactive Balance Control
Train reactive balance control by using the following activities:

■  Have the patient work to gradually increase the amount of
sway in different directions while standing on a firm, stable

surface. Have the patient concentrate on how much force
the feet are pushing on the floor to promote an external
focus of attention.

■  To emphasize training of the ankle strategy, have the pa-
tient practice while standing on one leg with the trunk
erect.

■  To emphasize training of the hip strategy, have the patient
walk on balance beams or lines drawn on the floor; per-
form tandem stance and single-leg stance with trunk bend-
ing; or stand on a mini-trampoline, rocker balance, or
sliding board.

■  To emphasize the stepping strategy, have the patient 
practice stepping up onto a stool or stepping with legs
crossed in front or behind other leg (e.g., weaving or
braiding).

■  To increase the challenge during these activities, add 
anticipated and unanticipated external forces. For exam-
ple, have the patient lift boxes that are identical in 
appearance but of different weights; throw and catch
balls of different weights and sizes; or while on a tread-
mill, suddenly stop/start the belt or increase/decrease 
the speed.

Sensory Organization
Many of the activities previously described can be utilized
while varying the reliance on specific sensory systems.

■  To reduce or destabilize the visual inputs, have the patient
close the eyes, wear prism glasses, or move the eyes and
head together during the balance activity.

■  To decrease reliance on somatosensory cues, patients can
narrow the BOS, stand on foam, or stand on an incline
board.

Balance During Functional Activities
Focus on activities similar to the functional limitations iden-
tified in the evaluation. For example:

■  If reaching is limited, have the patient work on activities,
such as reaching for a glass in a cupboard, reaching behind
(as putting arm in a sleeve), or catching a ball off center. To
promote an external focus, instruct the patient to focus on
the object (e.g., keep the water in the glass level or catch
the ball softly). 

■  Perform two or more tasks simultaneously to increase the
level of task complexity.

■  Practice recreational activities the patient enjoys, such as golf,
to increase motivation while challenging balance control
(Fig. 8.19).
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FIGURE 8.18 Balance when standing while reaching and catching
the ball overhead.
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Safety During Gait, Locomotion, or Balance
To emphasize safety, have the patient practice postural sway
activities within the person’s actual stability limits and
progress dynamic activities with emphasis on promoting
function and an external focus of attention. If balance deficits
cannot be changed, environmental modifications, assistive 
devices, and increased family or external support may be 
required to ensure safety.

CLINICAL TIP
Assistive devices, such as rollator walkers, are often appropri-
ately prescribed as a compensatory measure for people with
a variety of balance impairments. However, clinicians should
be aware that assistive devices that are incorrectly fitted or
used by a patient can precipitate falls. Therefore, clinicians
must properly adjust and provide instruction on proper use
of assistive devices to prevent unnecessary falls.

Health and Environmental Factors
In addition to exercise and balance training activities, clini-
cians should address several other factors affecting balance to
reduce the risk of falls.102

Low Vision
To address low vision issues, encourage regular eye examina-
tions with adjustments to lens prescriptions and cataract sur-
gery, if necessary. Wearing a hat and sunglasses in bright
sunlight, taking extra precautions when it is dark, and making

sure lights are on when walking about the house at night are
other recommendations. Advise patients to avoid using bifo-
cal glasses when walking, because single lens glasses are safest
for improving depth perception and contrast sensitivity, 
especially on stairs.101

Sensory Loss
For individuals with sensory loss in the legs, caution them to
take extra care when walking on soft carpet or uneven ground
and use a cane or other device if necessary. Recommend that
they wear firm rubber shoes with low heels. Regular medical
examinations should be encouraged to ensure that a patient’s
blood glucose levels and other factors (i.e., cholesterol, lipids)
are under control to minimize damage to sensory nerves from
diseases such as diabetes and peripheral vascular disease. 
Advise patients to seek medical attention if they experience
any symptoms of dizziness.

Medications
Patients should be educated about the influence of certain
medications, such as sedatives and antidepressants, on their
risk of falling. For example, if such medications are used at
night as a sleep aid, an individual should take extra precau-
tions when getting up to use the bathroom.

Evidence-Based Balance Exercise
Programs for Fall Prevention in the
Elderly
With at least one-third of people aged 65 years or more falling
at least once each year, physical therapists can play a major
role in the prevention of falls. Mounting evidence from 
randomized clinical trials indicates that therapeutic exercise
is an effective tool in the prevention of falls, especially if it is
incorporated with a comprehensive strategy targeting health,
environmental, and behavioral risk factors that contribute to
falls.52,111 The selection of exercises and activities for balance
training should be based on two major factors: the person’s
fall risk and the setting in which the training will take place.
Economic and transportation factors also play a role in these
decisions. Since people can fall while participating in balance
training and exercise programs, it is critical that adequate pro-
tections are in place to prevent falls. Based on these issues, the
following guidelines are proposed.

■  Elderly individuals who have no history of falls and do not
have scores that are within the “at risk” category on stan-
dardized balance tests should participate in an individual
or community-based group exercise program incorporating
muscle strengthening, balance, and coordination exercises.

■  Individuals who are at risk of falls, based on standardized
balance tests, but have not developed a history of falls
should participate in individual or group exercise programs
in which there are well-trained leaders and support staff
who appropriately supervise and guard the person during
the activities that challenge balance.
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FIGURE 8.19 Functional balance during a golf swing.
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■  People who are at risk of falls and have a history of falls
require an individually tailored, supervised, exercise pro-
gram by a physical therapist or physical therapist assis-
tant and, if appropriate, a caregiver who is trained to
supervise and guard the person during the home exercise
activities. This program may take place in a clinic- or
home-based setting.

CLINICAL TIP
According to current best evidence, an exercise program to
reduce risk of falls should include at least 2 hours per week
devoted to exercises and activities to improve balance.154

Exercise programs that incorporate multiple types of ex-
ercise, such as balance training, strength/resistance training,
and constant repetitive movements through all 3 planes (e.g.,
tai chi or square stepping), are effective for reducing both rate
of falls and risk of falling.53

Although walking has many health benefits, the time 
devoted to a walking exercise program should be in addition
to time spent in balance training and not a substitute for it.

Home Exercise Program for Reducing Risk 
of Falls for People at High Risk
The home setting may be the best option for an exercise-based
falls prevention program for some people who are at high risk
of falls. Reasons why the home may be the best location for
such programs include (1) the person functions most often
in this environment, and therefore the training takes place in
the location where falls are most likely to occur, and (2) the
person may participate more fully to his or her physical ca-
pacity without the stress and fatigue that may be associated
with transportation issues.

Otago Home Exercise Program
The Otago Exercise Program20,48,145 is a cost-effective home
program supervised by a physical therapist that reduces
falls in frail older adults. This program consists of a series
of 17 strength and balance exercises that are individually
tailored and performed at least three times per week. The
30-minute exercise program is complemented with a walk-
ing plan with the goal of walking 30 minutes at least twice
per week. The program is designed to be performed for 
1 year under the supervision of physical therapists or health
professionals trained by the physical therapist.48 The first 
2 months of the Otago program is the Physical Therapy
Management Phase during which the physical therapist
conducts the initial evaluation, instructs the patient in 
the exercises, and progresses the exercise and walking pro-
gram.22 The Self-Management Phase follows in which the
patient carries out the program with assistance of a care-
giver, if necessary. Follow-up visits by the physical therapist
are scheduled at 6, 9, and 12 months. Physical therapists
can obtain online training and free resources for imple-
menting the Otago Exercise Program through the Carolina

Geriatric Education Center at the University of North Carolina
at Chapel Hill.22

■  The patient receives a manual with illustrations and instruc-
tions on each exercise. Videos are also available online.

■  Ankle weights are used to provide resistance during the leg
strengthening exercises that target the muscles that extend
and abduct the hip and flex and extend the knee.48

■ The amount of resistance should be based on the amount
of weight that the person can lift for 8 to 10 repetitions of
the exercise before fatiguing. Most people start with 1- or
2-kg (2.2- or 4.4-lb) cuff weights.

■ The goal is for the person to be able to do 2 sets of 
10 repetitions before the amount of weight is increased.

■ The ankle dorsiflexor and plantarflexor muscles are
strengthened using body weight as the resistance (Fig. 8.20
and Fig. 8.21).

■ Box 8.4 provides a list of the strengthening exercises in
the Otago program.

■  The balance training component of the Otago Exercise 
Program is also tailored to the individual and emphasizes dy-
namic exercises that are closely related to functional activities
(Fig 8.22).48 Depending on the ability of the individual, the
balance exercises may be performed by holding on to a large,
stable piece of furniture or a kitchen counter and progressed
by performing the exercises without support (Fig 8.23). 
Balance training exercises are listed in Box 8.4.

■  A walking program is part of the Otago Exercise Program.48

People are told to walk for at least 30 minutes per day at
their usual pace. The walking plan may be accomplished
by taking walks of smaller intervals (e.g., 10 minutes)
throughout the day.
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FIGURE 8.20 Rising up on toes to strengthen plantarflexors.
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FIGURE 8.21 Rocking back onto the heels while raising the toes to
strengthen dorsiflexors.

FIGURE 8.22 Practicing the sit-to-stand transfer is an important func-
tional activity to strengthen the legs and improve dynamic balance.

BOX 8.4 The Otago Home Exercise Program22,48

Warm Up Exercises
Perform five repetitions of each of the following flexibility
exercises:

■ Stand up tall and look ahead. Turn head slowly to the right and
then to the left as far as possible.

■ Stand up tall and look straight ahead. Place one hand on the
chin. Guide the head straight back (tuck chin).

■ Stand up tall with feet shoulder width apart. Place the hands
on the small of the lower back. Gently arch the back
(extension).

■ Stand up tall and place the hands on the hips. Do not move
the hips. Turn as far as possible to the right, comfortably. Turn
as far as possible to the left, comfortably.

■ Either sit or stand. Point the foot up and then point the foot
down.

Lower Extremity Strengthening*

Balance Training**
With the person sitting in a straight-back chair with the back
well supported:

■ Add appropriate ankle cuff weight. Have the patient perform
unilateral knee extension. Repeat for the opposite leg.

With the person standing up tall and facing a table with both
hands on the table: 

■ Add appropriate ankle cuff weight and have patient perform
unilateral knee flexion. Repeat for the opposite leg.

■ Adjust cuff weight if necessary and have patient perform
unilateral hip abduction. Repeat for the opposite leg.

■ Calf raises—raise up on toes to strengthen ankle plantarflexors.
■ Toe raises - rock back on heels for ankle dorsiflexors.
■ Knee bends—10 repetitions, 3 times.
■ Backwards walking—10 steps, 5 times.
■ Walking and turning around—Make a figure “8” 2 times.
■ Sideways walking—10 steps, 5 times.
■ Heel toe standing—10 seconds with each foot.
■ Heel toe walking—10 steps, 5 times.
■ One leg stand – hold up to 30 seconds, repeat for the 

opposite leg.
■ Heel walking—10 steps, 5 times.
■ Toe walking—10 steps, 5 times.
■ Heel toe walking backwards—10 steps, 5 times.
■ Sit to stand—with two hands, with one hand, or with no

support based on ability. Repeat 5 or 10 times.
■ Stair walking—using handrail, go up and down 12 steps.

*Each exercise is to be done slowly (e.g., 2–3 seconds to lift the
weight and 4–6 seconds to lower the weight) and through the full
functional range of motion. The goal is to perform each exercise for 
2 sets of 10 repetitions. To advance the calf raises and toe raises, have
the patient try the exercise without having the hands on the table.
**The easiest level for the balance exercises is to use two hands for
support. Progression to harder levels (to one hand support and no
hands for support) depends on the ability to complete the targeted
number of repetitions or amount of time using smooth, controlled
movements. To progress to exercises without holding onto support,
the instructor must be confident that the person can safely recover
balance using lower-body strategies such as stepping. The number
of repetitions listed represents the most advanced level.
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Supervised Group Program Incorporating
Strengthening, Walking, and Functional
Activities
Multimodal exercise programs incorporating muscle strength-
ening, gait, balance, coordination, and functional exercises
have beneficial effects on balance, at least in the short term.74

The more effective programs for improving balance are carried
out three times per week for at least three months and include
dynamic exercises in standing.74

 FOCUS ON EVIDENCE
One example of a supervised group program comes from a
study by Means and colleagues111 that investigated the effects
of a program designed to improve balance in community-
residing elders with or without a history of falls. The program
incorporated activities such as stretching, strengthening, coor-
dination exercises, body mechanics, balance training, survival
training maneuvers, and walking for endurance. The partici-
pants attended 90-minute exercise sessions three times per
week in groups of six to eight. The exercises were performed
under the direction of a physical therapist. Initially, partici-
pants were encouraged to exercise at a “fairly light” level
(equal to 11 on the 6- to 20-point Borg perceived exertion
scale13). After the first week, participants were encouraged to
exercise at a level of intensity that was “somewhat hard” (equal
to 13 on the Borg scale). The participants who attended this
6-week comprehensive exercise program showed a reduction

in the time to complete an obstacle course (e.g., walking,
climbing stairs, opening doors, getting up from a chair, and
stepping over objects) and in the number of fall and fall-related
injuries for up to 6 months after participation.

Box 8.5 provides general guidelines for exercise repetitions,
duration of endurance walking, and progression of a super-
vised group program.111

Multisystem Group Exercise Program
Incorporating a Circuit of Activities to 
Address Balance Impairments and Function
Nitz and Choy130 investigated the efficacy of a balance training
program that integrated individual and group exercises target-
ing strength, coordination, sensory systems (vision, perception,
vestibular), cognition, reaction time, and static and dynamic
stability. Community-residing elderly individuals with a recent
history of falls were randomly assigned to two groups. One
group participated in the balance training program that ad-
dressed multisystem activities. The control group participated
in a more traditional group exercise program. Participants in
both groups received an educational booklet on how to prevent
falls in the home and attended a 1-hour exercise session once a
week for 10 weeks. The exercises were led by a physical therapist
assisted by one or two students when small group activities (six
participants per group) were performed.

After the intervention, both groups reported a reduction
in the number of falls. The reduction in falls was greater in
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FIGURE 8.23 Tandem walking (A) performed with light touch on a firm surface for support and (B) performed without external support. Note
that the therapist closely guards the patient for safety.

A B
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BOX 8.5 Balance Exercise Program Incorporating Strengthening, Walking, and Functional Activities

Week 1
Flexibility exercises (5 repetitions, 15-second hold)
Hamstring stretch
Gluteus maximus and hip flexor stretch
Gastrocnemius and soleus stretch
Paraspinal stretch
Strengthening exercises (baseline determination of preferred

elastic-band strengths for lower limb exercises—1 repetition
maximum)

Lower limb muscles (elastic band: 1 set of 8–10 repetitions for
each leg)

Quadriceps (sitting and straight leg raises)
Hamstrings
Gluteus maximus
Gluteus medius
Upper limb muscles (5–10 repetitions)
Push-ups
Abdominal muscles (5 repetitions)
Curl-ups with arms behind head

Instruction in body mechanics for:
Standing
Sitting
Lying
Lifting
Reaching
Carrying
Arising from floor
Ascending/descending stairs
Baseline walking evaluation (determine maximum comfortable

distance)

Week 2
Flexibility exercises (as above)
Strengthening exercises: lower limb muscles (elastic band: 1 set

of 10 repetitions, each leg), upper limb muscles (10
repetitions), abdominal muscles (5–10 repetitions)

Postural exercises (10 repetitions, 10-second hold)
Head and neck
Trunk

Coordination exercises
Reciprocal leg movements (10 repetitions, eyes closed)
Bridging (10 repetitions)
Sitting/standing (5 repetitions)
Braiding exercises (2 repetitions)
Reciprocal ankle motion (10 repetitions)
Rung ladder: forward stepping (2 repetitions)

“Survival” maneuvers
Floor recovery exercises—”how to get up if you should fall”
Ascending and descending stairs safely (individual practice)

Endurance walking (begin at 75%–100% of baseline minutes
walked; increase at comfortable pace)

Week 3
Flexibility exercises (5 repetitions, 20-second hold)
Strengthening exercises: lower limb (2 sets of 10 repetitions),

upper limb (push-ups, 10–15 repetitions), abdominals (curl-
ups, 10–15 repetitions)

Postural exercises (15 repetitions, 10-second hold)
Coordination exercises (repetitions increased)
Survival maneuvers: practice (floor recovery/stairs)
Endurance walking (0–6 minutes, comfortable pace)

Week 4
Flexibility exercises (5 repetitions, 25-second hold)
Strengthening exercises: lower limb (2–3 sets of 10 repetitions),

upper limb (push-ups, 15 repetitions), abdominals (curl-ups,
15 repetitions)

Postural exercises (20 repetitions, 10-second hold)
Coordination exercises (repetitions increased)
Reciprocal legs (eyes closed)
Braiding (no holding, eyes open)
Rung ladder (forward, side, and backward stepping)
Survival maneuvers: practice (floor recovery/stairs)
Endurance walking (3–8 minutes, comfortable pace)

Week 5
Flexibility exercises (5 repetitions, 30-second hold)
Strengthening exercises: lower limb (3 sets of 10 repetitions),

upper limb (push-ups, 15–20 repetitions), abdominals (curl-
ups, 15–20 repetitions)

Postural exercises (25 repetitions, 10-second hold)
Coordination exercises: as above with increased repetitions,

plus:
Braiding (no holding, eyes closed)
Reciprocal ankle dorsi/plantar flexion (25 repetitions)
Survival maneuvers: practice (floor recovery/stairs)
Endurance walking (6–10 minutes, comfortable pace)

Week 6
Flexibility exercises (5 repetitions, 30-second hold)
Strengthening exercises: lower limb (3 sets of 10 repetitions),

upper limb (push-ups, 20 repetitions), abdominals (curl-ups,
15–20 repetitions)

Postural exercises (25 repetitions, 10-second hold)
Coordination exercises (as above with increased repetitions)
Endurance walking (8–12 minutes, comfortable pace)
Survival maneuvers: practice (floor recovery/stairs)

the group that performed the circuit training program; they
also showed greater improvements in functional tests of the
ability to perform activities of daily living. Although the 
circuit training program devised by Nitz and Choy130

clearly incorporates many important activities to address
multiple systems affecting balance, the results should be 

interpreted with caution because there was a small sample
size and a high proportion of dropouts throughout the
study.

Table 8.4 provides the details of the balance exercise pro-
gram, consisting of circuit training and group activities, from
the Nitz and Choy study.130
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TABLE 8.4 Circuit Training Program to Address Balance Impairments and Function130

Activity Responses Targeted Progression of Activity

Sit-to-stand-to-sit

Stepping in all 
directions (forward, 
side, back)

Reaching to limits 
of stability

Step up and down

Ankle, hip, and upper 
limb balance strategy 
practice

Sideways reach task

Ball games

Card treasure hunt/sort 
into suits

Lower limb strength
Functional ability
Multiple tasks

Choice step reaction time
Lower limb strength and
coordination

Challenging limits of stability
Vestibular stimulation and
integration
Upper and lower limb
strengthening

Lower limb strengthening and
endurance
Step reaction time

Lower limb strengthening
Balance strategy training

Mediolateral muscle
strengthening in lower limbs
Vestibular stimulation and
integration
Challenging limits of stability
Multiple tasks and confounded
proprioceptive input

Multiple tasks
Hand-eye coordination
Vestibular stimulation
Ballistic upper and lower limb
activity

Coping strategies with visual
conflict
Vestibular stimulation and
challenge of limits of stability

Lower the height of the chair
Add/remove upper limb assistance
Hold an item in the hands, balance a cup with/without
water on a saucer/tray
Add a cognitive task to the manual task

Increase speed of step
Perform stepping on a soft surface
Close eyes

Stick objects on a wall in the front by reaching to limits in
all directions up and down while keeping feet in one
position
Lunge forward to pick up objects that are shifted to a high
shelf to the side and behind; progress by reaching further
and increasing the weight and size of objects

Step up forward, backward, and sideways over blocks of
various heights; increase height, repetitions, and speed of
stepping

Stand in front of a wall with toe touching a line 0.5 meter
from the wall. Lean back toward the wall, keeping balance
and dorsiflexing the feet and using arm movement to
balance while lowering toward the wall

Stand between a high and a low table positioned on either
side; pick up objects from one table and transfer to other
table
Move the tables farther apart and increase the weight and
size of the objects to increase the challenge
Perform task while standing on an exercise mat on the
floor

Use inflated beach balls and progress to smaller or harder
balls or two or three balls at once
Add a cognitive task such as naming an animal that starts
with a G, while throwing and catching or kicking the ball

Prior to the session, hide playing cards in the room such
that to collect the cards the participants have to bend and
look under furniture, reach up high, or detect the card from
a visually confounding background. Red and black teams
are possible, and the team with the most cards returned to
a collecting point inside 5 minutes is the winner
Add the cognitive challenge of finding/sorting cards into
order according to suit

Tai Chi for Balance Training
Tai chi has become a popular form of exercise for balance
training. Tai chi is a traditional Chinese exercise program
consisting of a sequence of whole-body movements that are
performed in a slow, relaxed manner with an emphasis on
awareness of posture alignment and synchronized breath-
ing. The four styles of tai chi are Yang, Sun, Chen, and Wu,
and they differ in terms of principles, forms, and function.

Yang style tai chi is the most popular and widely practiced
style today and consists of 24 forms (postures and move-
ments).103 Tai chi programs for the elderly may adopt a
short form of tai chi with only 6 to 12 forms.103 During tai
chi training, participants learn to control the displacement
of the body COM while standing and increase their lower
extremity strength and flexibility during the regimens of
physical movement.28
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Some of the characteristics of tai chi exercise and the ther-
apeutic rationale for why tai chi may affect posture and bal-
ance include the following:176

■  The slow, continuous, even rhythm of the movements fa-
cilitates sensorimotor integration and awareness of the ex-
ternal environment (see Fig. 8.2).

■  The emphasis on maintaining a vertical posture enhances
postural alignment and perception of orientation.

■  The continuous weight shifting from one leg to the other
facilitates anticipatory balance control, motor coordina-
tion, and lower extremity strength.

■  Finally, the large dynamic, flowing, and circular move-
ments of the extremities promote joint ROM and flexibil-
ity (Fig 8.24). These characteristics should be considered
when recommending tai chi classes to patients to ensure
that instructors are following these principles and that the
patients are appropriate for these activities.

 FOCUS ON EVIDENCE
The effectiveness of tai chi training depends on the duration
of the program, which may range from 4 weeks to 1 year, and
the targeted populations. Studies have shown that tai chi 
improves standing balance control through performing head,
trunk, and arm movements simultaneously with weight shift-
ing.5,77 Elderly individuals who participated in a tai chi group
program had significant reductions in reported fear of falling
compared to those who did not exercise, perhaps because the
training leads to an increased self-awareness of balance.5,151,191

However, tai chi training has shown less robust improvements
in dynamic balance during functions such as gait and turn-
ing.5,77,98,151 This may explain why there is conflicting evidence
as to whether tai chi reduces falls or the risk of falls among
people over the age of 50.59,98,103 For this reason, Tai Chi should
be considered as only one part of a comprehensive fall preven-
tion program rather than being advocated as the sole exercise
intervention.

Evidence-Based Balance Exercise
Programs for Specific Musculoskeletal
Conditions
Evidence is growing that specific balance exercise programs
can effectively prevent and/or treat balance control deficits
associated with lower extremity and trunk injuries and
pathologies.

Ankle Sprains
Therapeutic activities such as single-leg balance training on
unstable surfaces are recommended in the postacute phase of
rehabilitation for ankle sprains for their potential to improve
static and dynamic balance control.107 Because of the inter-
dependency between the segments of the lower extremity and
trunk, especially during sports activities where energy is
transferred from the legs through the trunk to the arms, or
vice versa, it is also important to consider the regions above
the ankle when designing a program for rehabilitation of
ankle sprains.83,125 Therefore, training for balance control
should incorporate activities that require recruitment and co-
ordination of the hip and trunk musculature. The BESS test,
SEBT, or the YBT have been used to document deficits in bal-
ance control and improvements in performance with ankle
injuries.107

Systematic reviews have concluded that balance training
programs can improve static and dynamic balance and reduce
the risk of ankle sprains in individuals with a history of ankle
sprains.65,78,109,177 Successful programs utilized wobble or un-
stable balance platforms, single-leg stance progressions, and re-
sisted kicks of the uninvolved leg against an elastic band or
tubing.41,60,108,114,146,174 Programs typically were conducted for
at least three times per week throughout a competitive season
for prevention or two to three times per week for approximately
6 to 8 weeks post injury. Refer to Chapter 22 for additional in-
formation on rehabilitation following ankle sprain.

 FOCUS ON EVIDENCE
A balance program developed by McGuine and Keene108 re-
duced the risk of ankle sprains by 38% in male (n = 112) and
female (n = 261) high school soccer and basketball players,
especially in those with a history of ankle sprains. Participants
performed the single-leg stance (Fig. 8.25), progressing from
standing on the floor to standing on a wobble board with and
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FIGURE 8.24 In this tai chi form, the participant shifts the body-
weight toward one leg while moving the arms.
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without eyes open. They performed the balance activities 
5 days a week for the first 5 weeks and then 3 days a week for
the rest of the season. Each exercise was performed for a du-
ration of 30 seconds per leg, and legs were alternated during
a rest period of 30 seconds between repetitions. 

Anterior Cruciate Ligament Injuries
Proprioceptive and balance training programs either alone or
in combination with neuromuscular training that includes
lower extremity plyometrics (as described in Chapter 23),
trunk stabilization and strengthening (refer to Chapter 16),
and sport-specific functional training (refer to Chapters 21
and 23) have been shown to reduce the incidence of anterior
cruciate ligament (ACL) injuries by about 50% in adolescents
and adults.47,163 These proprioceptive and balance training
programs frequently consisted of double and single leg bal-
ance exercises progressing from firm to unstable surfaces,
such as ankle disks, tilt boards, or foam, with variations such
as squatting or catching a ball.21,43,50,110 Balance exercises usu-
ally were done 10 to 15 minutes daily during preseason train-
ing and 3 times a week during the season for prevention.
Neuromuscular training sessions longer than 20 minutes 
appear to be more effective than shorter sessions for reducing
ACL injuries in female athletes.163

Benjaminse and colleagues10 have recently proposed novel
techniques to enhance balance training for ACL injury pre-
vention. These techniques build on the concept that motor
learning is enhanced when instructional strategies incorpo-
rate an external focus of attention, especially for complex
motor skills required for sports. One easy technique to im-
plement in the clinical setting is the use of dyad training,

where athletes practice in pairs, observing and providing feed-
back of each other’s performance. For example, one athlete
performs an exercise such as the single leg hop in forward-
backward and side-to-side directions and ends by landing on
two feet. The second athlete observes the performance, pro-
vides feedback after one set of hops, and then performs the 
exercise while the first athlete plays the role of observer and
coach.10 Alternating back and forth between the role of per-
former and observer, promoting dialog between learners, seems
to encourage more cognitive effort and processing, which may
explain why studies have shown enhanced retention and trans-
fer of the motor skill when dyad training is employed compared
to other forms of individual or group practice.153,190

Low Back Pain
Individuals with LBP show altered postural responses in lab-
oratory studies that induce perturbations to balance.85,99 In
response to disturbances to balance, the most common
compensatory strategy exhibited by people with chronic
LBP is to co-contract the trunk muscles in order to stiffen
the spine.124,170 Deficits in postural control may be detected
by balance testing such as the SEBT described in this chap-
ter.132 Since the trunk makes up about half of the mass of
the body, from a biomechanical standpoint, it is reasonable
to propose that balance training should be incorporated into
a comprehensive, multimodal intervention for LBP as de-
scribed in Chapters 15 and 16. Evidence to date suggests that
interventions designed to improve neuromuscular control
of the trunk in persons with LBP contribute to patient re-
ports of reduced pain and improved function; however,
demonstrated improvements in balance or postural reac-
tions remain elusive.99,100,124
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FIGURE 8.25 Balance program for reducing the incidence of ankle sprains in athletes using a wobble board: (A) single-leg squat (knee bent
30º to 45º), (B) single-leg stance while rotating the board, and (C) single-leg stance while performing functional activities (i.e., catching a ball).

A B C
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Independent Learning Activities

Critical Thinking and Discussion
1. A person is experiencing falls when rising from a chair.

Using biomechanical principles of balance, what adjust-
ments can the person immediately make to increase his or
her stability and prevent falls?

2. Differentiate and describe several balance movements that
rely primarily on feedforward or open-loop motor control
versus those that utilize closed-loop control.

3. Review the ankle, hip, and stepping strategies and discuss
how the strategies are elicited and what key muscles are ac-
tivated to control balance.

4. Think about the times you have fallen in the past. What
activity were you doing at the time that you fell? What
musculoskeletal, neurological, and/or contextual factors
contributed to the fall occurrence? What were the conse-
quences of the fall? What differences would you expect be-
tween your falls and those experienced by an elderly
person?

5. Differentiate and discuss treatment activities that you
would use to train static, dynamic, anticipatory, reactive,
and sensory organization aspects of balance control. Pro-
vide examples of how you would progress each of the 
activities.

6. For an elderly person with a history of falls, what aspects
of the home environment might need to be modified to
maximize the individual’s safety and independence?

7. Differentiate between internal versus external focus of at-
tention. Provide examples of verbal cues that you would
use to promote external focus of attention for training
static, dynamic, anticipatory, and reactive balance control.

8. The success of balance training programs depends on the
compliance by the patient. What strategies would you use
to increase the likelihood that a person would adhere to a
home exercise program and ensure that his or her treat-
ment outcomes are attained? Refer to Chapter 1 for dis-
cussion on teaching strategies for effective exercise.

Laboratory Practice
1. With a partner, mount a yardstick on the wall at the per-

son’s shoulder height. Measure the maximum amount of
anterior and posterior sway by recording the maximum
shoulder displacement during a 30-second period of quiet
stance in each of the following conditions.
■ Standing on a firm surface with feet together, arms on

hips, and eyes open
■ Standing on a firm surface with feet together, arms on

hips, and eyes closed
■ Standing on a soft foam surface with feet together, arms

on hips, and eyes open
■ Standing on a soft foam surface with feet together, arms

on hips, and eyes closed

For each of the conditions, what sensory inputs are avail-
able to the person for maintaining balance? How does the
amount of sway vary with each condition and why?

2. With a partner, observe body movement during the fol-
lowing activities.
■ Standing with feet shoulder width apart, perform self-

initiated forward and backward body sways progressing
from small to large amplitudes.

■ Standing with feet apart, have your partner place his or
her hand on your sternum and nudge you backward
gently and then again with a larger force.

■ Standing with the feet placed heel to toe, have your part-
ner gently nudge you backward.

■ Put on ankle-foot orthoses or ski boots that restrict
ankle movements and have your partner gently nudge
you backward.

Which movement strategy is elicited with each activity 
and why?

3. Practice performing treatment activities that you would
use to train static, dynamic, anticipatory, reactive, and sen-
sory organization aspects of balance control as described
in Table 8.2. Progress each of the activities to maximally
challenge your balance. Practice performing treatment 
activities that promote external focus of attention during
static, dynamic, anticipatory, and reactive balance.

Case Studies
1. A 20-year-old male soccer player sustained a right midtib-

ial fracture in a motor vehicle accident and was required
to wear a long-leg rigid cast for 6 weeks. You are seeing the
patient 1 week after cast removal for physical therapy. He
would like to return to playing soccer but is currently un-
able to maintain balance on his right leg to kick a soccer
ball. What underlying impairments might be causing this
individual’s balance problems, and how would you design
an exercise program that would allow him to reach his
goals? How could you incorporate external focus of atten-
tion into his training program?

2. A 75-year-old woman fell in her bathtub and sustained a
right pelvic fracture, requiring bed rest for 2 weeks. You
are seeing the patient in her home following her hospital
discharge. She has generalized weakness, deconditioning,
is unsteady on her feet, and is fearful of falling. Currently,
she is using a walker for ambulation. Prior to her fall, she
was completely independent in all activities of daily living
and enjoyed going on walks in her neighborhood in the
evenings. Design a progressive balance program for this
woman to restore her to her prior level of functioning.

3. A 70-year-old retiree has had bilateral knee replacement
surgeries. He would like to resume his favorite hobby of

5850_Ch08_264-294  18/08/17  12:40 PM  Page 289



R E F E R E N C E S

1. American Geriatrics Society British Geriatrics Society, American Acad-
emy of Orthopaedic Surgeons Panel on Fall Prevention: Guidelines for
the prevention of falls in older persons. J Am Geriatr Soc 49:664–672,
2001.

2. Adams, MA, and Hutton, WC: Has the lumbar spine a margin of safety
in forward bending? Clin Biomech (Bristol, Avon) 1(1):3–6, 1986.

3. Alexander, KM, and LaPier, TL: Differences in static balance and weight
distribution between normal subjects and subjects with chronic unilat-
eral low back pain. J Orthop Sports Phys Ther 28(6):378–383, 1998.

4. Andersson, GB: Epidemiologic aspects on low-back pain in industry.
Spine 6(1):53–60, 1981.

5. Au-Yeung, SS, Hui-Chan, CW, and Tang, JC: Short-form tai chi improves
standing balance of people with chronic stroke. Neurorehabil Neural 
Repair 23(5):515–522, 2009.

6. Barrack, RL, Skinner, HB, and Buckley, SL: Proprioception in the anterior
cruciate deficient knee. Am J Sports Med 17(1):1–6, 1989.

7. Basmajian, JV, and DeLuca, CJ: Muscles Alive: Their Functions Revealed
by Electromyography, ed. 5. Baltimore: Williams & Wilkins, 1985.

8. Basnett, CR, et al: Ankle dorsiflexion range of motion influences dynamic
balance in individuals with chronic ankle instability. Int J Sports Phys
Ther 8(2):121–128, 2013.

9. Bell, DR, Guskiewicz, KM, Clark, MA, and Padua, DA: Systematic review
of the balance error scoring system. Sports Health 3(3):287–295, 2011.

10. Benjaminse, A, et al: Optimization of the anterior cruciate ligament in-
jury prevention paradigm: novel feedback techniques to enhance motor
learning and reduce injury risk. J Orthop Sports Phys Ther 45(3):
170–182, 2015.

11. Berg, KO, Wood-Dauphinee, SL, Williams, JI, and Maki, B: Measuring
balance in the elderly: validation of an instrument. Can J Public Health 83
Suppl 2:S7–11, 1992.

12. Black, FO, Shupert, CL, Horak, FB, and Nashner, LM: Abnormal postural
control associated with peripheral vestibular disorders. Prog Brain Res 76:
263–275, 1988.

13. Borg, G: Perceived exertion as an indicator of somatic stress. Scand J Rehabil
Med 2(2):92–98, 1970.

14. Boyle, J, and Negus, V: Joint position sense in the recurrently sprained
ankle. Aust J Physiother 44(3):159–163, 1998.

15. Braune, W, and Fischer, O: On the Center of Gravity of the Human Body.
Berlin: Springer-Verlag, 1984.

16. Brouwer, BJ, Walker, C, Rydahl, SJ, and Culham, EG: Reducing fear of
falling in seniors through education and activity programs: a randomized
trial. J Am Geriatr Soc 51(6):829–834, 2003.

17. Brumagne, S, Cordo, P, Lysens, R, Verschueren, S, and Swinnen, S: 
The role of paraspinal muscle spindles in lumbosacral position sense 
in individuals with and without low back pain. Spine 25(8):989–994,
2000.

18. Buatois, S, et al: Five times sit to stand test is a predictor of recurrent falls
in healthy community-living subjects aged 65 and older. J Am Geriatr
Soc 56(8):1575–1577, 2008.

19. Burtner, PA, Woollacott, MH, and Qualls, C: Stance balance control with
orthoses in a group of children with spastic cerebral palsy. Dev Med Child
Neurol 41(11):748–757, 1999.

20. Campbell, AJ, et al: Randomised controlled trial of a general practice
programme of home based exercise to prevent falls in elderly women.
BMJ 315(7115):1065–1069, 1997.

21. Caraffa, A, Cerull,i G, Projetti, M, Aisa, G, and Rizzo, A: Prevention of
anterior cruciate ligament injuries in soccer. A prospective controlled
study of proprioceptive training. Knee Surg Sports Traumatol Arthrosc
4(1):19–21, 1996.

22. Centers for Disease Control and Prevention: Tools to Implement the Otago
Exercise Program: A Program to Reduce Falls, ed. 1. Available at http://
www.med.unc.edu/aging/cgec/exercise-program/tools-for-practice/
ImplementationGuideforPT.pdf. Accessed July 23, 2015.

23. Chaffin, DB, and Page, GB: Postural effects on biomechanical and psy-
chophysical weight-lifting limits. Ergonomics 37(4):663–676, 1994.

24. Chamberlin, ME, Fulwider, BD, Sanders, SL, and Medeiros, JM: Does fear
of falling influence spatial and temporal gait parameters in elderly per-
sons beyond changes associated with normal aging? J Gerontol A Biol Sci
Med Sci 60(9):1163–1167, 2005.

25. Chandler, JM, and Duncan, PW: Balance and falls in the elderly: issues
in evaluation and treatment. In Guccione, AA (ed): Geriatric Physical
Therapy. St, Louis: Mosby, Inc, 1993, pp 237–251.

26. Chiviacowsky, S, Wulf, G, and Wally, R: An external focus of attention
enhances balance learning in older adults. Gait Post 32(4):572–575, 
2010.

27. Chow, DH, Cheng, IY, Holmes, AD, and Evans, JH: Postural perturbation
and muscular response following sudden release during symmetric squat
and stoop lifting. Ergonomics 48(6):591–607, 2005.

28. Christou, EA, Yang, Y, and Rosengren, KS: Taiji training improves knee
extensor strength and force control in older adults. J Gerontol A Biol Sci
Med Sci 58(8):763–766, 2003.

29. Cohen, H, Blatchly, CA, and Gombash, LL: A study of the clinical test of
sensory interaction and balance. Phys Ther 73(6):346–351; discussion
351–344, 1993.

30. Commissaris, DA, and Toussaint, HM: Load knowledge affects low-back
loading and control of balance in lifting tasks. Ergonomics 40(5):
559–575, 1997.

31. Commissaris, DA, Toussaint, HM, and Hirschfeld, H: Anticipatory pos-
tural adjustments in a bimanual, whole-body lifting task seem not only
aimed at minimising anterior—posterior centre of mass displacements.
Gait Post 14(1):44–55, 2001.

32. Cordo, PJ, and Nashner, LM: Properties of postural adjustments associ-
ated with rapid arm movements. J Neurophysiol 47(2):287–302, 1982.

33. Cornwall, MW, and Murrell, P: Postural sway following inversion sprain
of the ankle. J Am Podiatr Med Assoc 81(5):243–247, 1991.

34. Csuka, M, and McCarty, DJ: Simple method for measurement of lower
extremity muscle strength. Am J Med 78(1):77–81, 1985.

35. Dite, W, and Temple, VA: A clinical test of stepping and change of direc-
tion to identify multiple falling older adults. Arch Phys Med Rehabil
83(11):1566–1571, 2002.

290 Management of Impaired Balance

boating but lacks confidence in his ability to balance under
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ing program that will help him return to his recreational
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5. An active, vibrant 70-year-old female seeks your advice
on how to best maintain her health and fitness. What are
the major components of a comprehensive exercise 
program for her? Give examples of exercises she should
include.
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Aquatic therapy, the use of water for rehabilitation purposes,
traces its origin back several centuries. The use of water for
restorative purposes has grown in popularity and has gained
increased use in facilitating therapeutic exercise. The unique
properties of the aquatic environment provide clinicians with
treatment options that may otherwise be difficult or impossible
to implement on land. Using buoyant devices and varied depths
of immersion, the practitioner has flexibility in positioning the
patient (supine, seated, kneeling, prone, side-lying, or vertically)
with any desired amount of weight bearing. Aquatic exercise
has been successfully used for a wide variety of rehabilitation
populations including pediatric,8,30,39,49,55,73,78,84 orthopedic,*

neurological,41,54,56,61,63 and cardiopulmonary patients.23,48,77

Background and Principles 
for Aquatic Exercise

Definition of Aquatic
Exercise

Aquatic exercise refers to the use of water (in multidepth immer-
sion pools or tanks) that facilitates the application of established
therapeutic interventions, including stretching, strengthening,
joint mobilization, balance and gait training, and endurance
training.

*1,4,9,11,12,13,14,19,21,27,31,41,50,68,80
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Goals and Indications 
for Aquatic Exercise

The specific purpose of aquatic exercise is to facilitate func-
tional recovery by providing an environment that augments
a patient’s and/or practitioner’s ability to perform various
therapeutic interventions. Aquatic exercise can be used to
achieve the following specific goals:

■  Facilitate range of motion (ROM) exercise33,82

■  Initiate resistance training25,50,66,76,81

■  Facilitate weight-bearing activities4

■  Enhance delivery of manual techniques5,69

■  Provide three-dimensional access to the patient16,69

■  Facilitate cardiovascular exercise17,58,59,72

■  Initiate functional activity replication53,57,76,82

■  Minimize risk of injury or re-injury during rehabilitation29,82

■  Enhance patient relaxation33,46

Although research studies support these goals for aquatic
exercise, Hall and associates41 cited the need for more research
with robust designs that address temperature, depth of im-
mersion, and care settings.

Precautions and
Contraindications 
to Aquatic Exercise

Most patients easily tolerate aquatic exercise. However, the
practitioner must consider several physiological and psycho-
logical aspects of immersion that affect selection of an aquatic
environment.

Precautions
Fear of Water
Fear of water can limit the effectiveness of any immersed activ-
ity. Fearful patients often experience increased symptoms during
and after immersion because of muscle guarding, stress response,
and improper form with exercise. Often patients require an ori-
entation period designed to provide instruction regarding the
effects of immersion on balance, control of the immersed body,
and proper use of flotation devices.57

Neurological Disorders
Ataxic patients may experience increased difficulty controlling
purposeful movements. Patients with heat-intolerant multiple
sclerosis may fatigue with immersion in temperatures greater
than 33°C.12,59,61 Patients with controlled epilepsy require close
monitoring during immersed treatment and must be compli-
ant with medication prior to treatment.16,47

Respiratory Disorders
Water immersion may adversely affect the breathing of the
patient with a respiratory disorder. Lung expansion tends to
be inhibited due to hydrostatic pressure against the chest wall.

Additionally, increased circulation in the chest cavity may fur-
ther inhibit lung expansion due to increased circulation to the
center of the body. Maximal oxygen uptake is lower during
most forms of water exercise than during land exercise.12,16

 FOCUS ON EVIDENCE 
Although the above precautions have been cited, Kurabayashi
and associates48 compared nose and mouth immersion to
non-immersion. Participants spent 30 minutes a day for 
5 days a week for 2 months in the pool with water tempera-
ture set at 38°C. There was a significant difference in the 
immersion group with increased %FVC (p = 0.058), increased
FEV1.0% (p = 0.018), increased peak flow (p = 0.039), and 
increased Pao2 (p = 0.010). Based on their findings, they rec-
ommended the use of subtotal immersion to improve respi-
ratory function for individuals with chronic pulmonary
emphysema. Pechter and colleagues59 compared 30 minutes
of water-based aerobics to land-based aerobics done twice
weekly for 12 weeks. The water-based group demonstrated
increases in peak VO2, peak O2 pulse, peak ventilation, and
peak load, as well as decreases in serum creatinine, glomerular
filtration rate, cystatin-c in serum, protein/creatinine ratio,
systolic and diastolic blood pressure, total serum cholesterol,
and serum triglycerides. They recommended the use of low-
intensity aquatic exercise to improve cardiorespiratory and
renal function in individuals with chronic renal failure.

Cardiac Dysfunction
Patients with angina, abnormal blood pressure, heart disease,
or compromised pump mechanisms also require close mon-
itoring.20,23,77,79 Cider and colleagues24 demonstrated signifi-
cant increases in work rate, VO2peak and walking capacity, and
muscle function in patients with congestive heart failure and
type 2 diabetes mellitus. Teffaha and colleagues74 demon-
strated similar results of increased VO2peak in patients with
chronic heart failure or coronary artery disease with normal
left ventricular function.

 FOCUS ON EVIDENCE
Meyer and Leblanc55 provided an algorithm for clinical decision-
making when prescribing aquatic therapy for patients with left
ventricular dysfunction and/or stable congestive heart failure.
In their review of the literature, they suggested the following for
rehabilitation and secondary prevention: (1) Temporary abnor-
mal hemodynamic responses may be elicited by immersion to
the neck; (2) water therapy is absolutely contradindicated in 
patients with decompensated congestive heart failure; (3) feeling
good in water does not equate with left ventricular tolerance of
increased volume loading caused by immersion; (4) if patients
with previous severe myocardial infarctions and/or congestive
heart failure can sleep supine, they may be able to tolerate
bathing in a half-sitting position provided immersion does 
not exceed the xiphoid process; and (5) patients with Q-wave
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myocardial infarctions older than 6 weeks may exercise in a pool
for orthopedic reasons provided they do so in an upright posi-
tion and immersion does not exceed the xiphoid process.

Small, Open Wounds and Lines
Small, open wounds and tracheotomies may be covered by 
waterproof dressings. Patients with intravenous lines, Hickman
lines, and other open lines require proper clamping and
fixation.16 Precautions should also be exercised with patients
having G-tubes and suprapubic appliances. Observation for 
adverse reactions to aquatic therapy is essential.18

Contraindications
Contraindications to aquatic therapy include any situation
creating the potential for adverse effects to either the patient
or the water environment.10 Such factors include:

■  Incipient cardiac failure and unstable angina
■  Respiratory dysfunction, vital capacity of less than 1 liter
■  Severe peripheral vascular disease
■  Danger of bleeding or hemorrhage
■  Severe kidney disease (patients are unable to adjust to fluid

loss during immersion)
■  Open wounds without occlusive dressings, colostomy, and

skin infections, such as tinea pedis and ringworm
■  Uncontrolled bowel or bladder (bowel accidents require

pool evacuation, chemical treatment, and possibly drainage)
■  Menstruation without internal protection
■  Water and airborne infections or diseases (examples include

influenza, gastrointestinal infections, typhoid, cholera, and
poliomyelitis)

■  Uncontrolled seizures during the last year (they create a
safety issue for both clinician and patient if immediate 
removal from the pool is necessary)18

Properties of Water

The unique properties of water and immersion have pro-
found physiological implications in the delivery of therapeu-
tic exercise. To utilize aquatics efficiently, practitioners must
have a basic understanding of the clinical significance of the
static and dynamic properties of water as they affect human
immersion and exercise.

Physical Properties of Water
The properties provided by buoyancy, hydrostatic pressure,
viscosity, and surface tension have a direct effect on the body
in the aquatic environment.12,35,40

Buoyancy (Fig. 9.1)
Definition. Buoyancy is the upward force that works oppo-
site to gravity.

Properties. Archimedes’ principle states that an immersed
body experiences upward thrust equal to the volume of liquid
displaced.40

Clinical significance. The effects of buoyancy include the
following:

■  Buoyancy provides the patient with relative weightlessness
and joint unloading by reducing the force of gravity on the
body. In turn, this allows the patient to perform active 
motion with increased ease.

■  Buoyancy provides resistance to movement when an extrem-
ity is moved against the force of buoyancy. This technique
can be used to strengthen muscles.

■  The amount of air in the lungs will affect buoyancy of the
body. Buoyancy will be increased with fully inflated lungs
and decreased with deflated lungs.

■  Body composition will also affect buoyancy. Obese pa-
tients will have increased buoyancy due to fat tissue having
a lower specific gravity. Patients with increased bone den-
sity will have less buoyancy than those with decreased
bone density.

■  Buoyancy allows the practitioner three-dimensional access
to the patient.

CLINICAL TIP
Rotator cuff pathology. A patient recovering from rotator cuff
repair can use the buoyancy force to increase range of motion
in shoulder abduction and/or flexion while performing 
the motion in neck-deep water.14 When performing shoulder
extension from a 90° flexed position, the force of buoyancy
becomes a resistance as the patient pulls the arm downward
through the water.

Hydrostatic Pressure
Definition. Hydrostatic pressure is the pressure exerted by
the water on immersed objects.

Properties. Pascal’s law states that the pressure exerted by fluid
on an immersed object is equal on all surfaces of the object. As
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the density of water and depth of immersion increase, so does
hydrostatic pressure.

Clinical significance. The effects of hydrostatic pressure 
include the following:

■  Increased pressure reduces or limits effusion, assists venous
return, induces bradycardia, and centralizes peripheral
blood flow.

■  The proportionality of depth and pressure allows patients
to perform exercise more easily when closer to the surface.

CLINICAL TIP
Regulation of performance. Barbosa and colleagues6 com-
pared the physiological adaptations of aquatic exercise with
different levels of immersion to land exercise. Participants
performed the same exercise on land, immersed to the hip, and
immersed to the breast for 6 minutes. Physiological responses
were higher when exercising immersed to the hip than when
immersed to the breast and when exercising on land than 
immersed to either depth. The clinician should consider a
progression from immersion to breast, to immersion to hip,
to exercises on land in order to increase the physiological 
demands on the patient. 

Viscosity
Definition. Viscosity is friction occurring between mole-
cules of liquid resulting in resistance to flow.

Properties. Resistance from viscosity is proportional to the
velocity of movement through liquid.

Clinical significance. Water’s viscosity creates resistance
with all active movements.

■  Increasing the velocity of movement increases the resistance.
■  Increasing the surface area moving through water increases

resistance.

CLINICAL TIP
Lymphedema. Jamison44,45 cited the effectiveness of hydro-
static pressure and viscosity for increasing lymph flow and 
reducing edema in patients with lymphedema. However, cau-
tion is needed as the dependent position of the extremity may
cancel this effect. Recommended aquatic activities include
Watsu® (a form of water Zen Shiatsu incorporating stretches
that release blockages and produce relaxation), Jahara, Ai Chi
(a form of water tai chi), water aerobics, the Halliwick Method®

(a technique that increases balance, strength, coordination, and
flexibility), and aquatic proprioceptive neuromuscular facilita-
tion. The reader is referred to the following list of references for
further information on these interventions:

■  Watsu®: Dull, H: WATSU® Freeing the Body in Water, ed. 4.
Victoria, BC: Trafford Publishing, 2008.

■  Jahara: Jahara Journal 10th Anniversary Edition, 2007–2008.
Available at http://www.jahara.com Accessed March 9, 2015.

■  Ai Chi: Sova, R: Ai Chi—Balance, Harmony and Healing.
Port Washington, WI: DSL, Ltd., 1999.

■  Water aerobics: Sova, R: Essential Principles of Aquatic Therapy
and Rehabilitation. Port Washington, WI: DSL, Ltd., 2003.

■  Halliwick Method: Duffield, MH, Skinner, AT, and Thompson,
AM: Duffield’s Exercise in Water. Philadelphia: W.B. Saunders,
1983.

■  Aquatic PNF: Jamison, L, and Ogden, D: Aquatic Therapy
Using PNF Patterns. Tuscon, AZ: Therapy Skills Builders,
1994.

Surface Tension
Definition. The surface of a fluid acts as a membrane under
tension. Surface tension is measured as force per unit length.

Properties. The attraction of surface molecules is parallel to
the surface. The resistive force of surface tension changes pro-
portionally to the size of the object moving through the fluid
surface.

Clinical significance. The effect of surface tension includes
the following:

■  An extremity that moves through the surface performs
more work than if kept under water.

■  Using equipment at the surface of the water increases the
resistance.

Hydromechanics
Definition. Hydromechanics comprise the physical proper-
ties and characteristics of fluid in motion.40

Components of flow motion. Three factors affect flow; they
are laminar flow, turbulent flow, and drag.

■  Laminar flow. Movement in which all molecules move 
parallel to each other, typically slow movement.

■  Turbulent flow. Movement in which molecules do not move
parallel to each other, typically faster movements.

■  Drag. The cumulative effects of turbulence and fluid viscosity
acting on an object in motion.

Clinical significance of drag. As the speed of movement
through water increases, resistance to motion increases.7

■  Moving water past the patient requires the patient to work
harder to maintain his or her position in pool.

■  Application of equipment (glove/paddle/boot) increases
drag and resistance as the patient moves the extremity
through water.62

CLINICAL TIP
Increasing resistance to motion. If the goal is to increase mus-
cular force production during the early part of knee extension,
the clinician should consider the use of a hydro-boot or similar
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device to increase the drag force on the leg/foot. Barbosa and
associates5 measured hydrodynamic drag in barefoot and
hydro-boot conditions to determine the coefficients of drag
on a human leg/foot model during simulated knee extension-
flexion exercise. The influence of water resistance created
higher drag force when using the hydro-boot during the early
part of extension.

Thermodynamics
Water temperature has an effect on the body and therefore on
performance in an aquatic environment.16

Specific Heat
Definition. Specific heat is the amount of heat (calories) 
required to raise the temperature of 1 gram of substance 
by 1°C.40

Properties. The rate of temperature change is dependent on
the mass and the specific heat of the object.

Clinical significance. Water retains heat 1,000 times more
than air. Differences in temperature between an immersed
object and water equilibrate with minimal change in the 
temperature of the water.

Temperature Transfer
■  Water conducts temperature 25 times faster than air.
■  Heat transfer increases with velocity. A patient moving

through the water loses body temperature faster than an
immersed patient at rest.

Center of Buoyancy (Fig. 9.2)
Center of buoyancy, rather than center of gravity, affects the
body in an aquatic environment.33,39,40

Definition. The center of buoyancy is the reference point of
an immersed object on which buoyant (vertical) forces of
fluid predictably act.

Properties. Vertical forces that do not intersect the center of
buoyancy create rotational motion.

Clinical significance. In the vertical position, the human
center is located at the sternum.

■  In the vertical position, posteriorly placed buoyancy de-
vices cause the patient to lean forward; anterior buoyancy
causes the patient to lean back.

■  During unilateral manual resistance exercises, the patient
revolves around the practitioner in a circular motion.

■  A patient with a unilateral lower extremity amputation
leans toward the residual limb side when in a vertical 
position.

■  Patients bearing weight on the floor of the pool (i.e., sitting,
kneeling, or standing) experience aspects of both the center
of buoyancy and center of gravity.

Aquatic Temperature 
and Therapeutic Exercise

A patient’s impairments and the intervention goals determine
the water temperature selection. In general, utilize cooler tem-
peratures for higher intensity exercise and utilize warmer
temperatures for mobility and flexibility exercise and for 
muscle relaxation.12,16,18 The ambient air temperature should
be 3°C higher than the water temperature for patient comfort.
Incorrect water or ambient air temperature selection may 
adversely affect a patient’s ability to tolerate or maintain 
immersed exercise.

Temperature Regulation
■  Temperature regulation during immersed exercise differs

from that during land exercise because of alterations in
temperature conduction and the body’s ability to dissipate
heat.2,12,16,18 With immersion there is less skin exposed to
air, resulting in less opportunity to dissipate heat through
normal sweating mechanisms.

■  Water conducts temperature 25 times faster than air12—
more if the patient is moving through the water and mol-
ecules are forced past the patient.

■  Patients perceive small changes in water temperature more
profoundly than small changes in air temperature.

■  Over time, water temperature may penetrate to deeper 
tissues. Internal temperature changes are known to be 
inversely proportional to subcutaneous fat thickness.12

■  Patients are unable to maintain adequate core warmth dur-
ing immersed exercise at temperatures less than 25°C.12,26
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FIGURE 9.2 Center of buoyancy.
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■  Conversely, exercise at temperatures greater than 37°C may
be harmful if prolonged or maintained at high intensities.
Hot water immersion may increase the cardiovascular 
demands at rest and with exercise.67

■  In waist-deep water exercise at 37°C, the thermal stimulus
to increase the heart rate overcomes the centralization of
peripheral blood flow due to hydrostatic pressure.

■  At temperatures greater than or equal to 37°C, cardiac 
output increases significantly at rest alone.18

Mobility and Functional Control
Exercise
■  Aquatic exercises, including flexibility, strengthening, gait

training, and relaxation, may be performed in temperatures
between 26°C and 35°C.2,12,16,18

■  Therapeutic exercise performed in warm water (33°C) may
be beneficial for patients with acute painful musculoskele-
tal injuries because of the effects of relaxation, elevated
pain threshold, and decreased muscle spasm.2,12,16,18 

Aerobic Conditioning
Cardiovascular training and aerobic exercise should be per-
formed in water temperatures between 26°C and 28°C. This
range maximizes exercise efficiency, increases stroke volume,
and does not elevate the heart rate to the extent that warmer
water does.2,12,16,71

■  Intense aerobic training performed above 80% of a pa-
tient’s maximum heart rate should take place in temper-
atures between 22°C and 26°C to minimize the risk of
heat illness.2,16,22,71

CLINICAL TIP
There are several considerations for immersion times and
pool temperatures.12,15,16,65,79

Because of the increased demands placed on the patient’s
temperature regulating systems when exercising in a pool the
following are recommended:

■   Generally, use a maximum immersion time of 20 minutes for
patients with noncompromised cardiopulmonary systems.
Begin with 10-minute sessions and increase the time as 
tolerated.

■  Always monitor vital signs to ensure patient safety.
■  Generally, water temperatures between 36°C and 37°C

are considered high and temperatures between 26°C and
35°C are considered low. In addition to the following
guidelines, the patient’s fatigue factor needs to be 
considered.

■  Higher temperatures are recommended for patients with
rheumatoid arthritis except in the acute stage.

■  Lower temperatures are recommended for patients with
spasticity or for those whose immersion time lasts 20 to 
45 minutes.

■  For general flexibility, strengthening, gait training and re-
laxation, the range may be between 26°C and 35°C.2,12,16,18

■  Cardiovascular training and aerobic exercise should be per-
formed in water temperatures between 26°C and 28°C.

Pools for Aquatic Exercise

Pools used for aquatic therapy vary in shape and size. The
rooms in which pools are housed need to be adequately ven-
tilated to avoid the accumulation of condensation on walls,
windows, and floors. A dressing room should be provided for
changing clothes and showering.

Traditional Therapeutic Pools 
(Fig. 9.3)
Traditional therapeutic pools measure at least 100 feet in
length and 25 feet in width. Depth usually begins at 3 to 4 feet
with a sloping bottom, progressing to 9 or 10 feet.

■  This larger type pool may be used for groups of patients
and the therapists conducting the session while in the
pool.

■  Entrance to larger therapeutic pools includes ramps, stairs,
ladders, or mechanical overhead lifts.

■  These pools have built-in chlorination and filtration 
systems.

300 Pools for Aquatic Exercise

FIGURE 9.3 Traditional therapeutic pool. (Courtesy of F.A. Davis Co.,
Philadelphia, PA.)

Individual Patient Pools (Fig. 9.4)
Pools designed for individual patient use are usually smaller,
self-contained units.

■  These self-contained pools are entered via a door or one to
two steps on the side of the unit.

■  The therapist provides instructions or cueing from outside
the unit.
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■  In addition to built-in filtration systems, these units may
include treadmills, adjustable currents, and varying water
depths.

Special Equipment 
for Aquatic Exercise

A large variety of equipment exists for use with aquatic ex-
ercise. Aquatic equipment is used to provide buoyant support
to the body or an extremity, challenge or assist balance, and
generate resistance to movement. Resistive paddles, floats,
paddle boards, and weighted stools and chairs are just a 
few of the many types of available equipment. By adding or
removing equipment, the practitioner can progress exercise
intensity. Type of equipment used is determined by the 
current functional level of the patient and the specific goals
for the therapy session.

Collars, Rings, Belts, and Vests
Equipment designed to assist with patient positioning by pro-
viding buoyancy assistance can be applied to the neck, extrem-
ities, or trunk. Inflatable cervical collars are used for the supine
patient to support the neck and maintain the head out of the
water (Fig. 9.5). Flotation rings come in various sizes and 
are used to support the extremities in any immersed position

(Fig. 9.6). Often the rings are used at the wrists and ankles dur-
ing manual techniques to assist with patient positioning and 
relaxation. Several types of belts exist that may be used to assist
with buoyancy of an extremity or the entire body (Fig. 9.7). 
Belts and vests are used to position patients supine, prone, or
vertically for shallow and deep water activities.
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FIGURE 9.4 Hydro Track©, self-contained underwater treadmill system. (Courtesy of Ferno-Washington, Inc., Wilmington, OH.)

FIGURE 9.5 Cervical collar. (Courtesy of Rothhammer International,
Inc., San Luis Obispo, CA.)
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(seated or standing) on long swim bars in deep water to chal-
lenge balance, proprioception, and trunk strength.

Gloves, Hand Paddles, and 
Hydro-tone® Bells
Resistance to upper extremity movements is achieved by ap-
plying webbed gloves or progressively larger paddles to the
hands (Fig. 9.9). These devices are not buoyant and therefore
only resist motion in the direction of movement. Hydro-tone®

bells are large, slotted plastic devices that increase drag during
upper extremity motions. The bells generate substantially
more resistance than gloves or hand paddles.

Fins and Hydro-tone® Boots
The application of fins or boots to the feet during lower ex-
tremity motions generates resistance by increasing the surface
area moving through the water. Fins are especially useful for
challenging hip, knee, and ankle strength. Hydro-tone® boots
are most effective during deep water walking and running
(Fig. 9.10).
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FIGURE 9.6 Flotation rings. (Courtesy of Rothhammer International,
Inc., San Luis Obispo, CA.)

FIGURE 9.7 Buoyancy belts. (Courtesy of Rothhammer Interna-
tional, Inc., San Luis Obispo, CA.)

FIGURE 9.8 Swim bars. (Courtesy of Rothhammer International, Inc., San Luis Obispo, CA.)

FIGURE 9.9 Hand paddles. (Courtesy of Rothhammer International,
Inc., San Luis Obispo, CA.)

Swim Bars
Buoyant dumbbells (swim bars) are available in short and
long lengths. They are useful for supporting the upper body
or trunk in upright positions and the lower extremities in the
supine or prone positions (Fig. 9.8). Patients can balance

5850_Ch09_295-320  18/08/17  12:44 PM  Page 302



Kickboards
The shapes and styles of kickboards (Fig. 9.11) vary exten-
sively among manufacturers. Nevertheless, kickboards remain
a versatile and effective aquatic tool for augmenting any ex-
ercise program. Kickboards may be used to provide buoyancy
in the prone or supine positions; to create resistance to walk-
ing patterns in shallow water when held vertically; or to chal-
lenge seated, kneeling, or standing balance in the deep water.

Pool Care and Safety

Therapeutic pools require regular care and cleaning to
avoid Pseudomonas aeruginosa (an infection causing folli-
culitis).33,42,43,51 Frequent use increases the total organic
carbon as well as ammonia and organic nitrogen found in
the pool.

■  Cleaning should occur at least twice weekly, and chlorine
and pH level tests should be done twice daily.

■  All walking surfaces near and around the pool should be
slip-resistant and free of barriers. Water splashes should be
dried immediately to prevent slips and falls.

■  Safety rules and regulations are a must, as are emergency pro-
cedures, and should be posted and observed by all involved
in therapeutic pool use.83

■  Life preservers should be readily available, and at least one
staff member who is CPR certified should be present at all
times.

CLINICAL TIP
Prior to the first therapeutic session, the treatment schedule,
procedures to be used, and proper pool attire should be dis-
cussed with the patient. This is a good time to review their
previous pool experiences and their expectations for the ses-
sions, any bowel or bladder problems, use of any assistive or
adaptive equipment, and medications.

Exercise Interventions Using an
Aquatic Environment

Stretching Exercises

Patients may tolerate immersed stretching exercises better
than land stretching because of the effects of relaxation, soft
tissue warming, and ease of positioning.1,21,33,82 However,
buoyancy creates an inherently less stable environment than
the land. Therefore, careful consideration is warranted when
recommending aquatic stretching.

Manual Stretching Techniques
Manual stretching is typically performed with the patient
supine in waist depth water with buoyancy devices at the
neck, waist, and feet. Alternatively, the patient may be seated
on steps. The buoyancy-supported supine position improves
(versus land techniques) both access to the patient and con-
trol by the practitioner, as well as the position of the patient.
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FIGURE 9.10 Hydro-tone® boots and bells. (Courtesy of Rothhammer International, Inc., San Luis Obispo, CA.)

FIGURE 9.11 Kickboards. (Courtesy of Rothhammer International,
Inc., San Luis Obispo, CA.)
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However, turbulence from wave activity can adversely affect
both the patient’s and the practitioner’s ability to perform
manual stretching. Difficulties may be experienced maintain-
ing and perceiving the subtleties of end-range stretching and
scapular stabilization in the supine buoyancy supported posi-
tion. Anecdotal evidence indicates that careful consideration
of all factors is warranted prior to initiating manual stretching
in an aquatic environment.5,69

The manual stretching techniques described in this section
are considered passive techniques but may be adapted to uti-
lize muscle inhibition techniques. The principles of stretching
are the same as those discussed in Chapter 4.

The following terms are used to describe the stretching
techniques:

■  Practitioner position. Describes the orientation of the prac-
titioner to the patient.

■  Patient position. Includes buoyancy-assisted (BA) seated or
upright positioning and buoyancy-supported (BS) supine
positioning.

■  Hand placement. The fixed hand, which stabilizes the pa-
tient, is typically the same (ipsilateral) hand as the patient’s
affected extremity, and it is positioned proximally on the
affected extremity. The movement hand, which guides the
patient’s extremity through the desired motion and applies
the stretch force, is typically the opposite (contralateral)
hand as the patient’s affected extremity and is positioned
distally.

■  Direction of movement. Describes the motion of the move-
ment hand.

Spine Stretching Techniques
Cervical Spine: Flexion

Practitioner Position
Stand at the patient’s head facing caudally.

Patient Position
BS supine without cervical collar.

Hand Placement
Cup the patient’s head with your hands, the forearms
supinated and thumbs placed laterally. Alternatively, place
your hands in a pronated position with the thumbs at 
the occiput. This results in a more neutral wrist position at
end-range stretch.

Direction of Movement
As you flex the cervical spine, the patient has a tendency to
drift away from you if care is not taken to perform the motion
slowly.

Cervical Spine: Lateral Flexion (Fig. 9.12)

Practitioner Position
Stand at the side facing the patient.

Patient Position
BS supine without a cervical collar.

Hand Placement
Reach the fixed hand dorsally under the patient and grasp the
contralateral arm; support the head with the movement hand.

Direction of Movement
Move the patient into lateral flexion and apply stretch force
at desired intensity. This position prevents patient drift as the
fixed hand stabilizes the patient against the practitioner.

Thoracic and Lumbar Spine: Lateral
Flexion/Side Bending (Fig. 9.13)

Practitioner Position
Stand on the side opposite that to be stretched, facing cepha-
lad with ipsilateral hips in contact (e.g., if stretching the left
side of the trunk, the therapist’s right hip is against patient’s
right hip).

Patient Position
BS supine, if tolerated. The patient’s stretch side arm is 
abducted to end-range to facilitate stretch.

Hand Placement
Grasp the patient’s abducted arm with the fixed hand; alter-
nately, grasp at the deltoid if patient’s arm is not abducted.
The movement hand is at the lateral aspect of the lower ex-
tremity of the side to be stretched (more distal placement 
improves leverage with stretch).
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FIGURE 9.12 Hand placement and stabilization for stretching to 
increase cervical lateral flexion.

FIGURE 9.13 Hand placement and stabilization for stretching to 
increase lateral trunk flexion.
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Direction of Movement
With the patient stabilized by your hip, pull the patient into
lateral flexion. This technique allows variability in positioning
and hand placement to isolate distinct segments of the spine.

Shoulder Stretching Techniques
Shoulder Flexion (Fig. 9.14)

Practitioner Position
Stand on the side to be stretched facing cephalad.

Patient Position
BS supine with the affected shoulder positioned in slight 
abduction.

Hand Placement
Grasp the buoyancy belt with the fixed hand; the movement
hand is at the elbow of the affected extremity.

Direction of Movement
After positioning the arm in the desired degree of abduction,
direct the arm into flexion and apply the stretch force with
the movement hand.

Shoulder Abduction

Practitioner Position
Stand on the affected side facing cephalad with your hip in
contact with the patient’s hip.

Patient Position
BS supine.

Hand Placement
Stabilize the scapula with the fixed hand; the movement hand
grasps medially on the affected elbow joint.

Direction of Movement
Guide the arm into abduction and apply the stretch force. The
hip contact provides additional stabilization as the stretch
force is applied.

Shoulder External Rotation

Practitioner Position
Stand lateral to the affected extremity facing cephalad.

Patient Position
BS supine; position arm in desired degree of abduction with
elbow flexed to 90°.

Hand Placement
Grasp the medial side of the patient’s elbow with the palmar
aspect of the fixed hand while fingers hold laterally; grasp the
midforearm with the movement hand.

Direction of Movement
Movement hand guides forearm dorsally to externally rotate
the shoulder and apply stretch force.

Shoulder Internal Rotation

Practitioner Position
Stand lateral to the patient’s affected extremity facing caudally.

Patient Position
BS supine; position arm in desired degree of abduction with
elbow flexed to 90°.

Hand Placement
Stabilize the scapula with the dorsal aspect of the fixed hand
entering from the axilla; the movement hand is at the distal
forearm.

Direction of Movement
Direct the forearm palmarward and apply the stretch force.
Use care to observe the glenohumeral joint to avoid a forward
thrust and substitution.

Hip Stretching Techniques
Hip Extension

Practitioner Position
Kneel on one knee at the patient’s affected side.

Patient Position
BS supine with the hip extended and the knee slightly flexed.

Hand Placement
Stabilize the patient’s affected extremity by hooking the top
of the foot with your ipsilateral thigh. Grasp the buoyancy
belt with the movement hand and guide the motion with the
fixed hand on the knee.

Direction of Movement
Direct the patient caudally with the movement hand. To in-
crease the stretch on the rectus femoris, lower the patient’s
knee in the water. Motion is performed slowly to limit spinal
and pelvic substitution.

Hip External Rotation

Practitioner Position
Face the lateral aspect of the patient’s thigh with your ipsilat-
eral arm under the patient’s flexed knee.
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FIGURE 9.14 Hand placement and stabilization for stretching to 
increase shoulder flexion.
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Patient Position
BS supine; hip flexed 70° and knee flexed 90°.

Hand Placement
Grasp the buoyancy belt with the contralateral (fixed) hand
while the ipsilateral (movement) hand grasps the thigh.

Direction of Movement
Externally rotate hip with the movement hand as the patient’s
body lags through water to create stretch force.

Hip Internal Rotation

Practitioner Position
Face the lateral aspect of the involved thigh with the ipsilateral
arm under the flexed knee.

Patient Position
BS supine, hip flexed 70° and knee flexed 90°.

Hand Placement
Stabilize the buoyancy belt with the contralateral (fixed) hand
while grasping the thigh with the ipsilateral (movement) hand.

Direction of Movement
Internally rotate the hip as the patient’s body lags through
water to create the stretch force.

Knee Stretching Techniques
Knee Extension With Patient on Steps

Practitioner Position
Half-kneel lateral to the affected knee with the ankle of the
affected extremity resting on your thigh.

Patient Position
Semi-reclined on pool steps.

Hand Placement
Place one hand just proximal and one just distal to the knee
joint.

Direction of Movement
Extend the patient’s knee.

Knee Flexion With Patient on Steps

Practitioner Position
Half-kneel lateral to the affected knee.

Patient Position
Semi-reclined on pool steps.

Hand Placement
Grasp the distal tibia with the ipsilateral hand; the contralat-
eral hand stabilizes the lateral aspect of affected knee.

Direction of Movement
The stretch force into flexion.

Knee Flexion With Patient Supine (Fig. 9.15)

Practitioner Position
Half-kneel lateral to the affected knee with the dorsal aspect
of the patient’s foot hooked under the ipsilateral thigh.

Patient Position
BS supine, affected knee flexed.

Hand Placement
Place the ipsilateral (fixed) hand on distal tibia and the con-
tralateral (movement) hand on buoyancy belt to pull the body
over the fixed foot.

Direction of Movement
Pull the patient’s body over the fixed foot, creating the stretch
to increase knee flexion. Lower the patient’s knee into the
water to extend the hip and increase the stretch on the rectus
femoris. Perform the motion slowly to limit spinal and pelvic
substitution.

Hamstrings Stretch

Practitioner Position
Face the patient and rest the patient’s affected extremity on
your ipsilateral shoulder.

Patient Position
BS supine, knee extended.

Hand Placement
Place both hands at distal thigh.

Direction of Movement
Start in the squatting position and gradually stand to flex the
hip and apply the stretch force. Maintain knee extension by
pulling the patient closer and increasing the stretch.

Self-Stretching With Aquatic
Equipment
Often the intervention plan is to instruct the patient to per-
form independent stretching.12,16,71,75 Self-stretching can 
be performed in either waist-deep or deep water. The patient
frequently utilizes the edge of the pool for stabilization in
both waist-deep and deep water.

Applying buoyancy devices may assist with stretching and
increase the intensity of the aquatic stretch.82 However, buoy-
ancy devices are not required to achieve BA stretching—that
is, as buoyancy acts on any submersed extremity, correct 
patient positioning adequately produces a gentle stretch. The
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FIGURE 9.15 Hand placement and stabilization for stretching to in-
crease knee flexion.
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following guidelines describe the use of equipment for me-
chanical stretching; the descriptions apply similarly for use
without buoyancy equipment. Providing verbal cueing and
visual demonstration for patient positioning and form aids
in achieving the desired stretching effects.

Positioning for self-stretching of every body part is not de-
scribed in this section. Typically, positioning for immersed
self-stretches reflects traditional land positioning.

The following terms are used to describe the self-stretching
techniques:

■  Patient position. Includes BA (seated/upright), BS (supine),
or vertical.

■  Buoyancy-assisted. Using the natural buoyancy of water to
“float” the extremity toward the surface.

■  Equipment-assisted. Includes use of buoyancy devices 
attached or held distally on an extremity.
The following are some examples of self-stretching.

Shoulder Flexion and Abduction

Patient Position
Upright, neck level immersion.

Equipment
Small or large buoyant dumbbell or wrist strap.

Direction of Movement
Grasping the buoyant device with the affected extremity 
allows the extremity to float to the surface as the buoyancy
device provides a gentle stretch.

Hip Flexion (Fig. 9.16)

Patient Position
Upright, immersed to waist, or seated at edge of pool/on steps
with hips immersed.

Equipment
Small buoyant dumbbell or ankle strap. For hip flexion with
knee flexion, place strap/dumbbell proximal to the knee. For
hip flexion with knee extension (to stretch the hamstrings),
place strap/dumbbell at the ankle.

Direction of Movement
Allow buoyancy device to float hip into flexion, applying
stretch to hip extensors or hamstrings.

Knee Extension

Patient Position
Seated on steps/edge of pool with knee in a position of 
comfort.

Equipment
Small dumbbell or ankle strap.

Direction of Movement
Allow buoyancy device to extend knee toward the surface 
applying stretch to increase knee extension.

Knee Flexion

Patient Position
Stand immersed to waist with hip and knee in neutral posi-
tion; increasing the amount of hip extension increases the
stretch on the two joint knee extensors.

Equipment
Small dumbbell or ankle strap.

Direction of Movement
Allow buoyancy device to flex the knee toward the surface,
applying stretch to knee extensors.

Strengthening Exercises

By reducing joint compression, providing three-dimensional re-
sistance, and dampening perceived pain, immersed strengthen-
ing exercises may be safely initiated earlier in the rehabilitation
program than traditional land strengthening exercises.76,82 Both
manual and mechanical immersed strengthening exercises typ-
ically are done in waist-deep water. However, some mechanical
strengthening exercises may also be performed in deep water.
Frequently, immersion alters the mechanics of active motion.
For example, the vertical forces of buoyancy support the im-
mersed upper extremity and alter the muscular demands on the
shoulder girdle.82 Furthermore, studies have demonstrated that
lower extremity demand is inversely related to the level of im-
mersion during closed-chain strengthening.6,7

Manual Resistance Exercises
Application of aquatic manual resistance exercises for the ex-
tremities typically occurs in a concentric, closed-chain fash-
ion.5,69 Manual aquatic resistance exercises are designed to
fixate the distal segment of the extremity as the patient con-
tracts the designated muscle group(s). The practitioner’s
hands provide primary fixation and guidance during contrac-
tion. As the patient contracts his or her muscles, the body
moves over or away from the fixed distal segment (generally
over the fixed segment for the lower extremity and away from
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FIGURE 9.16 Self-stretching technique to increase hip flexion
(stretch the hamstrings) using aquatic equipment.
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the fixed segment for the upper extremity). The patient’s
movement through the viscous water generates resistance,
and the patient’s body produces the drag forces. Verbal cueing
by the practitioner is essential to direct the patient when to
contract and when to relax, thereby synchronizing practitioner
and patient.

Stabilization of the distal extremity segment is essential for
maintaining proper form and isolating desired muscles. How-
ever, appropriate stabilization is not possible in the BS supine
position for eccentric exercises or rhythmic stabilization of
the extremities. The patient’s body will have a tendency to tip
and rotate in the water. In addition, the practitioner will have
difficulty generating adequate resistance force, and the pa-
tient’s body will move easily across the surface of the water
with minimal drag producing inadequate counterforce to the
practitioner’s resistance. When supine, some motions, includ-
ing horizontal shoulder adduction and abduction, should be
avoided because of the difficulty the patient may have isolat-
ing proper muscle groups. Nevertheless, for many motions,
the aquatic environment allows closed-chain resistive training
through virtually limitless planes of motion.

The following terms refer to manual resistance exercise in
water.

■  Practitioner position. Describes the orientation of the prac-
titioner to the patient.

■  Patient position. BS in the supine position.
■  Hand placement. The guide hand is generally the ipsilat-

eral hand as the patient’s affected extremity and typically
is positioned more proximally. It directs the patient’s
body as muscles contract to move the body through the
water. The resistance hand is generally the contralateral
hand and typically is placed at the distal end of the con-
tracting segment. More distal placement increases overall
resistance.

■  Direction of movement. Describes the motion of the patient.

Upper Extremity Manual Resistance
Techniques
Shoulder Flexion/Extension (Fig. 9.17 A and B)

Practitioner Position
Face caudal, lateral to the patient’s affected shoulder.

Patient Position
BS supine; affected extremity flexed to 30°.

Hand Placement
Place the palmar aspect of the guide hand at the patient’s
acromioclavicular joint. The resistance hand grasps the distal
forearm. An alternative placement for the resistance hand
may be the distal humerus; this placement alters muscle 
recruitment.

Direction of Movement
Active shoulder flexion against the resistance hand causes 
the body to move away from the practitioner. Active shoulder

extension from a flexed position causes the body to glide 
toward the practitioner.

NOTE: The patient must be able to actively flex through 120°
for proper resistance to be provided.

Shoulder Abduction

Practitioner Position
Face medially, lateral to the patient’s affected extremity.

Patient Position
BS supine; affected extremity in neutral.

Hand Placement
Place the palmar aspect of guide hand at the proximal
humerus as the thumb wraps anteriorly and the fingers wrap
posteriorly. Place the resistance hand at the lateral aspect of
distal humerus.

Direction of Movement
The practitioner determines the amount of external rotation
and elbow flexion. Active abduction against the resistance
hand causes the body to glide away from the affected extrem-
ity and the practitioner.

Shoulder Internal/External Rotation 
(Fig. 9.18 A and B)

Practitioner Position
Face medially on the lateral side of the patient’s affected 
extremity.
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FIGURE 9.17 Manual resistance exercise for strengthening shoulder
flexion; (A) start position and (B) end position.

A

B
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Patient Position
BS supine; affected extremity’s elbow flexed to 90° with the
shoulder in the desired amount of abduction and initial 
rotation.

Hand Placement
Place the palmar aspect of the guide hand at the lateral aspect
of the elbow. The resistance hand grasps the palmar aspect
of the distal forearm. An alternative method requires the
practitioner to “switch” hands. The practitioner’s ipsilateral
hand becomes the guide hand and grasps the buoyancy belt
laterally. The practitioner’s contralateral hand becomes the
resistance hand. This approach allows improved stabilization;
however, the practitioner loses contact with the patient’s
elbow and must cue the patient to maintain the desired 
degree of shoulder abduction during the exercise.

Direction of Movement
Active internal rotation by the patient against the resistance
hand causes the body to glide toward the affected extremity;
active external rotation causes the body to glide away from
the affected extremity.

Unilateral Diagonal Pattern: D1Flexion/
Extension of the Upper Extremity

Practitioner Position
Stand lateral to the patient’s unaffected extremity and face
medially and caudally.

Patient Position
BS supine; affected extremity internally rotated and pronated
with slight forward flexion.

Hand Placement
Secure the medial and lateral epicondyles of the distal
humerus with the guide hand. Place the resistance hand on
the dorsal surface of the distal forearm.

Direction of Movement
Prior to contraction, cue the patient to execute the specific
joint motions expected in the diagonal patterns. Active con-
traction through the D1flexion pattern causes the body to
glide away from the practitioner. At the end position of D1,
secure the medial and lateral epicondyles of the distal
humerus with the guide hand. The resistance hand will be on
the palmar aspect of the distal forearm. From the flexed po-
sition, the practitioner cues the patient to contract through
the D1extension pattern.

Unilateral Diagonal Pattern: D2Flexion/
Extension of the Upper Extremity 
(Fig. 9.19 A and B)

Practitioner Position
Stand lateral to the patient’s affected shoulder; face medially
and caudally.

Patient Position
BS supine; affected extremity adducted and internally rotated.
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FIGURE 9.18 Manual resistance exercise for strengthening shoulder
external rotation; (A) start position and (B) end position.

A

B

FIGURE 9.19 Manual resistance exercise for upper extremity unilat-
eral diagonal D2flexion pattern; (A) start position and (B) end position.

A

B
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Hand Placement
Secure the medial and lateral epicondyles of the distal humerus
with the guide hand. Wrap the palmar aspect of the resistance
hand on the dorsal wrist medial to the palmar surface.

Direction of Movement
Active movement through the D2flexion pattern causes the
body to glide away from the practitioner. From the fully flexed
position, cue the patient to then move into the D2extension
pattern. This causes the body to glide toward the practitioner.

Bilateral Diagonal Pattern: D2Flexion/Extension
of the Upper Extremities (Fig. 9.20 A and B)

Practitioner Position
Stand cephalad to patient, facing caudally.

Patient Position
BS supine; upper extremities adducted and internally rotated.

Hand Placement
Use both hands to provide resistance. Grasp the dorsal aspect
of each of the patient’s wrists, wrapping medially to the palmar
surface.

Direction of Motion
Active contraction through the D2flexion pattern causes the
body to glide away from the practitioner. From the fully flexed
position, cue the patient to contract through D2extension,
causing the patient to move toward the practitioner.

Lower Extremity Manual Resistance
Techniques
Hip Adduction

Practitioner Position
Stand lateral to the patient’s affected extremity and face 
medially.

Patient Position
BS supine; hip abducted.

Hand Placement
Place the guide hand on the buoyancy belt and the resistance
hand on the patient’s medial thigh.

Direction of Movement
Active contraction of the hip adductors causes the affected leg
to adduct as the contralateral leg and body glides toward the
affected leg and the practitioner.

Hip Abduction (Fig. 9.21)

Practitioner Position
Stand lateral to patient’s affected extremity, facing medially.

Patient Position
BS supine; hip adducted.

Hand Placement
Place the guide hand on the buoyancy belt or lateral thigh and
the thumb and base of the resistance hand on the patient’s
lateral leg.

Direction of Movement
Active contraction of the hip abductors causes the affected leg
to abduct as the contralateral leg and body glide away from
the affected leg and the practitioner.
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FIGURE 9.20 Manual resistance exercise for upper extremity bilat-
eral diagonal D2 pattern; (A) start position and (B) end position.

A

B

FIGURE 9.21 Manual resistance exercise for strengthening hip 
abduction with resistance applied to lateral aspect of the leg.

Hip Flexion With Knee Flexion (Fig. 9.22)

Practitioner Position
Stand at the side of the patient’s affected extremity, facing
cephalad.
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Patient Position
BS supine.

Hand Placement
Place the guide hand on the buoyancy belt or lateral hip. The
resistance hand grasps proximal to the distal tibiofibular joint.

Direction of Movement
Active contraction of the hip and knee flexors causes the 
patient’s body to glide toward the practitioner and fixed distal
extremity.

Hip Internal/External Rotation

Practitioner Position
Stand lateral to the patient’s affected extremity, facing 
medially.

Patient Position
BS supine; hip in neutral at 0° extension with knee flexed to 90°.

Hand Placement
Contact the distal thigh medially with the guide hand for resis-
ted internal rotation and laterally for resisted external rotation.
Place the resistance hand at the distal leg.

Direction of Movement
Active contraction of hip rotators (alternating between inter-
nal and external rotation) causes the patient’s body to glide
away from the distal fixed segment.

PRECAUTION: Avoid this exercise for patients with possible
medial or lateral knee joint instability.

Knee Extension

Practitioner Position
Stand at the patient’s feet, facing cephalad.

Patient Position
BS supine.

Hand Placement
Place the guide hand at the patient’s lateral thigh and the re-
sistance hand on the dorsal aspect of the distal tibiofibular
joint.

Direction of Movement
Active contraction of the quadriceps against the practitioner’s
resistance hand directs the body away from the practitioner
as the knee extends.

Ankle Motions

Practitioner Position
Stand lateral to the affected leg, facing caudally.

Patient Position
BS supine.

Hand Placement
The hand placement creates a short lever arm at the patient’s
ankle. As the patient moves through the resisted ankle mo-
tions, the patient’s entire body moves through the water, pro-
ducing a significant amount of drag and demand on the ankle
complex.

PRECAUTION: For patients with ligamentous laxity and un-
stable ankles or compromised ankle musculature, the practi-
tioner should cue the patient to avoid maximum effort during
contraction to avoid potential injury.

Ankle Dorsiflexion and Plantarflexion

Hand Placement
Place the guide hand on the lateral aspect of the leg and the
resistance hand over the dorsal aspect of the foot to resist dor-
siflexion and on the plantar aspect to resist plantarflexion.

Direction of Movement
The body moves toward the practitioner during dorsiflexion
and away from the practitioner during plantarflexion.

Ankle Inversion and Eversion

Hand Placement
Place the guide hand on the lateral aspect of the lower leg dur-
ing inversion and on the medial aspect of tibia during ever-
sion. To resist inversion, grasp the dorsal medial aspect of the
foot and to resist eversion grasp the lateral foot.

Direction of Movement
During inversion, the body glides toward the practitioner, and
during eversion, the body glides away from the practitioner.

Dynamic Trunk Stabilization
By applying concepts utilized for spinal stabilization exercises
on land (see Chapters 15 and 16), the practitioner can chal-
lenge the dynamic control and strength of the trunk muscles
in the aquatic environment. The BS supine position creates a
unique perceptual environment for the patient.

Dynamic Trunk Stabilization: Frontal Plane
(Fig. 9.23)

Practitioner Position
Hold the patient at the shoulders or feet.
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FIGURE 9.22 Manual resistance exercise for strengthening hip and
knee flexion.
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Patient Position
Typically, the patient is placed in a supine position with buoy-
ancy devices at the neck, waist, and legs.

Execution
Have the patient identify his or her neutral spine position,
perform a “drawing-in maneuver” (see Chapter 16), and
maintain the spinal position (isometric abdominal contrac-
tion). Move the patient from side to side through the water;
monitor and cue the patient to avoid lateral trunk flexion,
an indication that the patient is no longer stabilizing the
spine.

Intensity
Moving the patient through the water faster increases drag
and exercise intensity. Holding the patient more distally in-
creases exercise intensity.

Dynamic Trunk Stabilization: Multidirectional

Practitioner Position
Stand at the shoulders or feet of the patient and grasp 
the patient’s extremity to provide fixation as the patient
contracts.

Patient Position
Typically, the patient is placed in a supine position with buoy-
ancy devices at the neck, waist, and legs.

Execution
Instruct the patient to assume a neutral spine, perform the
drawing-in maneuver, and “hold” the spine stable. Instruct the
patient to perform either unilateral or bilateral resisted extrem-
ity patterns while maintaining a neutral spine and abdominal
control. Monitor and cue the patient to avoid motion at the
trunk, an indication that the patient is no longer stabilizing
with the deep abdominal and global muscles. Upper extremity
motions include shoulder flexion, abduction, and diagonal pat-
terns. Lower extremity motions include hip and knee flexion
and hip abduction and adduction.

Intensity
Unilateral patterns are more demanding than bilateral patterns.
Increasing speed or duration increases exercise intensity.

Independent Strengthening Exercises
Often patients perform immersed strengthening exercises in-
dependently. Because the resistance created during movement
through water is speed dependent, patients are able to control
the amount of work performed and the demands imposed on
contractile elements.2,16,38 Typically, positioning and perform-
ance of equipment-assisted strengthening activities in water re-
flect that of traditional land exercise. However, the aquatic
environment allows patients to assume many positions (supine,
prone, side-lying, seated, and vertical). Attention to specific pa-
tient positioning allows the practitioner to utilize the buoyant
properties of water and/or the buoyant and resistive properties
of equipment that can either assist or resist patient move-
ment.2,14,16,62 Before initiating immersed strengthening activi-
ties, patients should be oriented to the effects of speed and
surface area on resistance. Specific exercises for mechanical
strengthening of every body part are not described. Only se-
lected exercises are discussed and illustrated to reinforce major
concepts and principles of application.

The following terms are used for equipment-assisted 
exercise.

■  Buoyancy-assisted: Vertical movement directed parallel to
vertical forces of buoyancy that assist motion (patient may
use buoyant equipment to assist with motion).

■  Buoyancy-supported: Horizontal movement with vertical
forces of buoyancy eliminating or minimizing the need to
support an extremity against gravity (patient may use
buoyant equipment to assist with motion).

■  Buoyancy-resisted: Movement directed against or perpendi-
cular to vertical forces of buoyancy, creating drag (performed
without equipment).

■  Buoyancy-superresisted: Use of equipment generates resist-
ance by increasing the total surface area moving through
water by creating greater drag. Increasing the speed of motion
through water generates further drag.

Extremity Strengthening Exercises 
(Fig. 9.24 A, B, C, D, and E)
The most common aquatic upper and lower extremity
strengthening exercises are outlined in Table 9.1.2,16 Typically,
patients are positioned standing immersed to shoulder level
for upper extremity strengthening and to midtrunk level for
lower extremity strengthening. However, many exercises may
be performed with the patient positioned vertically in deep
water. The prone or supine position is useful when practi-
tioners wish to progress patients or when patients require
position-specific or sports-specific strengthening. Some ex-
ercises, most notably bilateral lower extremity diagonals, 
require the patient to be positioned supine, prone, or vertical
in deep water.

312 Strengthening Exercises

FIGURE 9.23 Isometric trunk stabilization exercise using side-to-
side motions of the trunk.
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Lumbar Spine Strengthening
Spinal stabilization may be performed in shallow, mid-
depth, or deep water levels. Typically, patients are instructed
to maintain a neutral spine with the drawing-in maneuver
(see Chapter 16) while performing functional activities or
moving the extremities. The patient’s ability to stabilize the
spine can be challenged by increasing the duration of the
activity, the speed or surface area moving through water, and
by the addition of buoyant devices in the deep water. The
exercises are summarized in Table 9.2.

Trunk-Strengthening Exercises: Standing
■  Have the patient hold a kickboard vertically in the water to

increase resistance while walking in various patterns.

■  Have the patient use unilateral or bilateral stance while per-
forming upper extremity motions. The buoyant and tur-
bulent forces of the water require co-contraction of the
trunk muscles to stabilize the immersed body. Use equip-
ment (Hydro-tone® bells, paddles, and resistive tubing) to
increase resistance and the need for co-contraction of the
trunk muscles.

Trunk-Strengthening Exercises: Semi-Reclined
Patients may use noodles, dumbbells, or kickboards for sup-
port. The practitioner can further challenge the patient by
having him or her hold buoyant equipment, such as paddles,
and then stabilize the trunk against the movement. A variety
of lower extremity movements are suggested in Table 9.2.
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A B

C D E

FIGURE 9.24 Mechanical resistance for strengthening (A) shoulder internal and external rotation, (B) elbow flexion and extension, (C) hip
flexion and extension, (D) functional squatting, and (E) ankle plantarflexion.
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Trunk-Strengthening Exercises: Supine
Various swimming kicks are used in the supine position. In-
struct the patient to concentrate on the drawing-in maneuver
and on maintaining the neutral spine position while moving
the legs. Bridging while maintaining a neutral spine can be
done with a long dumbbell placed at the knees.

Trunk-Strengthening Exercises: Prone
In the prone position, various swimming kicks, such as the
flutter kick, are used while the patient performs the drawing-
in maneuver and maintains a neutral spine.

Trunk-Strengthening Exercises in Deep Water
Stabilization exercises performed in deep water with the pa-
tient positioned vertically typically require the patient to brace
with the abdominal muscles.68,80 Emphasize identifying the
neutral spine, activating the drawing-in maneuver, and hold-
ing the spine in the stable position while performing the var-
ious activities. Utilize any combination of unilateral or
bilateral upper and/or lower extremity motions to further
challenge the stabilization effort. Add equipment devices to
the hands or legs for additional resistance and increased chal-
lenge when the patient can maintain good stabilization con-
trol. Variations include:

■  Altering trunk positions such as the pike position or the
iron-cross position.

■  Sitting on a dumbbell and bicycling forward or backward
or moving the upper extremities through any combination
of motions.

■  Standing on a kickboard or dumbbell and moving the
upper extremities through various combinations of mo-
tions, first without and then with equipment. Such stand-
ing activities typically induce obligatory abdominal bracing
and challenges to balance.

Aerobic Conditioning

Aquatic exercise that emphasizes aerobic/cardiovascular con-
ditioning can be an integral component of many rehabilita-
tion programs.58,81 Aerobic/cardiovascular exercise typically
takes place with the patient suspended vertically in deep water
pools without the feet touching the pool bottom. Alternative
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TABLE 9.1 Summary of Motions Used for Upper
and Lower Strengthening Exercises

Shoulder

Elbow

Hip

Knee

Flexion/extension

Abduction/adduction

Horizontal abduction/adduction

Internal/external rotation

Unilateral diagonals

Bilateral diagonals

Flexion/extension

Diagonals

Push/pull

Flexion/extension

Abduction/adduction

Internal/external rotation

Unilateral diagonals

Bilateral diagonals

Flexion/extension

Diagonals

TABLE 9.2 Summary of Lumbar Spine-
Strengthening Exercises

Standing

Semi-reclined

Supine

Prone

Deep water

Walking patterns: forward, backward,
lateral, lunge walk, high stepping

Unilateral/bilateral stance with upper
extremity motions

Bicycling

Hip abduction/adduction

Flutter kick

Bilateral lower extremity
proprioceptive neuromuscular
facilitation patterns

Unilateral/bilateral hip and knee
flexion/extension

Bridging with long dumbbell placed at
knees

Swimming kicks

Swimming kicks

Vertical stabilization exercises;
abdominal bracing with arm and leg
motions in the pike and iron-cross
positions

Seated on dumbbell; abdominal
bracing and balance while performing
unilateral or bilateral arm motions

Standing on a kickboard or dumbbell;
abdominal bracing and balance while
performing bicycling motions and/or
arm motions
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activities that may be performed in midlevel water, 4 to 6 feet
in depth, include jogging, swimming strokes, immersed cy-
cling, and immersed treadmill. Understanding the various
treatment options, physiological responses, monitoring meth-
ods, proper form, and equipment selection allows the clini-
cian to use this form of exercise effectively and safely in a
rehabilitation program.

Treatment Interventions
Deep-water walking/running (Fig. 9.25). Deep water walk-
ing and running are the most common vertical deep-water
cardiovascular endurance exercises. Alternatives include cross-
country motions and high-knee marching. Deep-water car-
diovascular training, which may be used as a precursor to
midwater or land-based cardiovascular training, eliminates the
effects of impact on the lower extremities and spine.

The patient can be tethered to the edge of the pool to per-
form deep-water running in those pools with limited space.
Some small tanks provide resistance jets for the patient to
move against.

limited space, tethering with resistive tubing can provide
resistance.

Immersed equipment. Immersed equipment includes an
immersed cycle, treadmill, or upper body ergometer.

Swimming strokes. For patients able to tolerate the posi-
tions necessary to perform various swim strokes (neck and
shoulder ROM and prone, supine, or side-lying positions),
swimming can be an excellent tool to train and improve car-
diovascular fitness. Swimming may elicit significantly higher
elevations of heart rate, blood pressure, and VO2max than
other aquatic activities. Swimming contributes the added
benefit of hip and trunk strengthening for some patients
with spinal conditions.

PRECAUTION: Recommending swimming for poorly skilled
swimmers with cardiac compromise may adversely challenge
the patient’s cardiovascular system.

Physiological Response to Deep-Water
Walking/Running
Various physiological responses to deep-water walking and
running have been reported.3,17,28,36,37,64

Cardiovascular response. Patients without cardiovascular
compromise may experience dampened elevation of heart
rate, ventilation, and VO2max compared to similar land-based
exercise. During low-intensity exercise, cardiac patients may
experience lower cardiovascular stresses.55 As exercise intensity
increases, cardiovascular stresses approach those of related 
exercise on land.6,77

Training effect. Patients experience carryover gains in VO2max

from aquatic to land conditions.43 Additionally, aquatic cardio-
vascular training maintains leg strength and maximum oxygen
consumption in healthy runners.36,37,47

Proper Form for Deep-Water Running
Instruction for beginners. Proper instruction is impor-
tant to ensure correct form because many beginners expe-
rience a significant learning curve.12 Once immersed, the
patient should maintain a neutral cervical spine and slightly
forward flexed trunk with the arms at the sides. During
running the hips should alternately flex to approximately
80° with the knee extended and then extend to neutral as
the knee flexes.

Accommodating specific patient populations. For patients
with positional pain associated with spinal conditions, a pos-
terior buoyancy belt helps maintain a slightly forward flexed
position, and a flotation vest helps maintain more erect pos-
ture and a relatively extended spine. Patients with unilateral
lower extremity amputations may have difficulty maintaining
a vertical position. Placing the buoyancy belt laterally (on the
contralateral side of the amputation) allows the patient to re-
main vertical more easily.
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FIGURE 9.25 Deep-water walking/jogging. (Courtesy of Rothhammer
International, Inc., San Luis Obispo, CA.)

Mid-water jogging/running (immersed treadmill run-
ning). Midwater aerobic exercise, which may be used as 
a precursor to land training, lessens the effects of impact
on the spine and lower extremities. As a patient’s tolerance
to impact improves, midwater jogging may be performed
in progressively shallower depths to provide increased
weight bearing and functional replication. In pools with
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Exercise Monitoring
Monitoring intensity of exercise. Monitor the rate of 
perceived exertion and heart rate.

■  Rate of perceived exertion. Because skill may affect tech-
nique, subjective numerical scales depicting perceived 
effort may inadequately identify the level of intensity for
novice deep-water runners. However, at both submaximal
and maximal levels of exertion, subjective numerical rating
of effort appears to correlate adequately with the heart rate
during immersed exercise.36

■  Heart rate. Because of the physiological changes that occur
with neck level immersion, various adjustments have been
suggested in the literature to lower the immersed maxi-
mum heart rate during near-maximum cardiovascular 
exercise.3,17,64 The suggested decreases range from 7 to 
20 beats per minute.3,17,64 The immersed heart rate can 
be reliably monitored manually or with water-resistant
electronic monitoring devices.

Monitoring beginners. Care should be taken to monitor
regularly the cardiovascular response of novice deep-water
runners or patients with known cardiac, pulmonary, or 
peripheral vascular disease.55 Novice deep-water runners may
experience higher levels of perceived exertion and VO2max

than they would during similar land exercise.28

Equipment Selection
Deep water equipment. Selection of buoyancy devices should
reflect the desired patient posture, comfort, and projected in-
tensity level. The most common buoyant device for deep-water
running is the flotation belt positioned posteriorly (see Fig. 9.7).
Patients presenting with injuries or sensitivity of the trunk may
require an alternative buoyant device, such as vests, flotation
dumbbells, or noodles. Providing the patient with smaller buoy-
ant equipment (i.e., smaller belts, fewer noodles) requires the
patient to work harder to maintain adequate buoyancy, thereby
increasing the intensity of the activity. Fins and specially de-
signed boots can be applied to the legs and feet to add resistance.
Also, bells or buoyant dumbbells can be held in the hands to 
increase resistance (see Fig. 9.10).

Midwater equipment. Specially designed socks can help
eliminate the potential problem of skin breakdown on the feet
during impact activities, such as running. Patients can run
against a forced current or tethered with elastic tubing for re-
sistance. Using noodles around the waist or running while
holding a kickboard increases the amount of drag and resist-
ance against which the patient must move.
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Independent Learning Activities

Case Studies
Postoperative Arthroscopic Knee Meniscectomy
Mike is a 54-year-old man who tore his right medial meniscus
playing basketball. He is 2 weeks status postarthroscopic
débridement of the torn piece of cartilage. Mike has returned
to his desk job as a computer programmer but has a strong de-
sire to return to his active workout schedule and weekend sports
leagues. The surgeon has told Mike that he has no limitations
except pain.

Past Medical History: Mike is healthy with no prior medical
problems. He has never had an injury that made him
miss more than a few days of sports participation.

Functional Status: Mike is ambulating without assistive de-
vices, but he limps slightly because of a stiff knee. He is
able to go up and down stairs but only one step at a time
and has to lead with his left leg.

Musculoskeletal Status: Mike has only minimal swelling of
the right knee. He rates his pain as a 1 out of 10 at rest
and a 3 out of 10 with activity. His active knee ROM 
is 5° to 100°. He has normal ROM in the remaining joints
of the right leg. Mike is able to perform a straight leg raise
and has good quadriceps contraction. Manual muscle
testing reveals 4/5 quadriceps strength and 4/5 hamstring

and gastrocsoleus strength. He has good patellofemoral
joint mobility.

Physician Referral: The prescription Mike’s physician gave
him states, “Evaluate and treat right knee, S/P arthro-
scopic meniscal débridement; may utilize land and
aquatic exercise for ROM and strength.”

■ Formalize a program to utilize the shallow water (4-ft depth)
to start Mike with independent exercises for strength and
flexibility.

■ Describe what manual techniques you might be able to 
perform with Mike for strength or flexibility.

■ As Mike progresses to full ROM and near-normal strength,
how could you use aquatics to replicate the demands of 
basketball?

■ What can Mike do in the pool to maintain his cardiovas-
cular fitness while his knee heals?

Calf Tear
Cecily is a 30-year-old weather anchor who happens to be an
elite marathon runner. Four days ago, she was running up a hill
and felt a “pulling” in her left calf just distal to the knee. She de-
cided to run in a 10K race the next day but had to quit after
about 5K because of a sharp pain in her calf. The doctor has
told her to use crutches and remain 25% weight bearing for the
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next 3 days. After that she can gradually begin to increase the
weight she puts through the leg over the next week. The doctor
has told Cecily that she should be full weight bearing in 1 week
and able to run in 3 weeks. Cecily is anxious to return to her
intensive training schedule.

Past Medical History: Cecily is healthy with no prior med-
ical problems. She has worn orthotic inserts in her shoes
for “flat feet” for as long as she can remember. She 
says she has pulled her left calf several times during a
running career that goes back to high school.

Functional Status: Cecily enters the facility ambulating
with crutches. She is putting about 25% of her weight
through her left foot. She is able to perform stairs without
difficulty using the crutches and/or a railing.

Musculoskeletal Status: Cecily has a visible bruise at the me-
dial head of the left gastrocnemius muscle belly. She is
very tender to palpation there and has some swelling.
She rates her pain at rest as 1 on a 10-point scale and her
pain with activity as 2. Her ankle ROM is normal for all
motions actively and passively with the exception of dor-
siflexion. She dorsiflexes actively 5° and passively 8°. You
grade her ankle strength as 5/5 except for plantarflexion,
which you grade as a 4/5; this may be limited due to
pain. You also notice that her left hip flexors, quadriceps,
and hamstrings are all tight.

Physician Referral: The prescription that Cecily’s doctor
gives her states, “Aquatic therapy; evaluate and treat for
left calf strain: gait training, ROM, strength. Progress to
land as tolerated.”

■ Write up a program to address Cecily’s dysfunctions and
impairments utilizing the aquatic environment.

■ At what depth of midwater does Cecily need to be to 
gait train in the water and still maintain 25% weight
bearing?

■ Write up a program for the deep water to help Cecily main-
tain her high level of cardiovascular fitness.

■ What equipment might be useful to assist her with inde-
pendent stretching in the deep water and for cardiovascular
training in the deep water?

Chronic Low Back Pain
Develop an aquatic program for a patient who has chronic
low back pain and needs a comprehensive flexibility and
strengthening program for the legs and trunk. The patient has
only one visit approved by the insurance company. However,
the patient has a pool in his or her back yard that gradually
goes from 3 feet to 7 feet in depth. The 7-foot deep area is
only 10 feet long and 5 feet wide. The patient has no other
medical problems that would limit his or her performance of
the aquatic program.
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The effective use of therapeutic exercise in the manage-
ment of musculoskeletal disorders depends on sound clini-
cal reasoning based on the best evidence available that
supports the selection of the treatment interventions. Ex-
amination of the involved region is an important prerequi-
site to identify the impairments that are limiting or may be
preventing full participation in desired activities. It is also
important during the examination process to determine
whether the tissues involved are in the acute, subacute, or
chronic stage of recovery so that the type and intensity of
exercises do not interfere with recovery but can most effec-
tively facilitate healing for maximum return of functioning
and prevention of further problems. This chapter and sub-
sequent chapters in this book have been written with the as-
sumption that the reader has a foundation of knowledge and
skills in examination, evaluation, and program planning for
orthopedically related problems in order to make effective
choices of exercises that will meet the goals.

Utilizing the principles presented in this chapter, the reader
should be able to design therapeutic exercise programs and
choose techniques for intervention that are at an appropriate
intensity for the stage of healing of connective tissue disor-
ders. Specific joint, soft tissue, bony, and nerve lesions, as 
well as common surgical interventions, are presented in the
remaining chapters.

Soft Tissue Lesions

Examples of Soft Tissue Lesions:
Musculoskeletal Disorders
■  Strain: Overstretching, overexertion, or overuse of soft tissue:

tends to be less severe than a sprain, occurs from slight
trauma or unaccustomed repeated trauma of a minor
degree.4 This term is frequently used to refer specifically to
some degree of disruption of the musculotendinous unit.13

■  Sprain: Severe stress, stretch, or tear of soft tissues, such as
joint capsule, ligament, tendon, or muscle. This term is fre-
quently used to refer specifically to injury of a ligament
and is graded as a first (mild), second (moderate), or third
(severe) degree sprain.13

■  Dislocation: Displacement of a part, usually the bony part-
ners in a joint, resulting in loss of the anatomical relation-
ship and leading to soft tissue damage, inflammation, pain,
and muscle spasm.

■  Subluxation: An incomplete or partial dislocation of the
bony partners in a joint that often involves secondary
trauma to surrounding soft tissue.

■  Muscle/tendon rupture or tear: If a rupture or tear is partial,
pain is experienced in the region of the breach when the
muscle is stretched or when it contracts against resistance.
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If a rupture or tear is complete, the muscle does not pull
against the injury, so stretching or contraction of the muscle
does not cause pain.6

■  Tendinopathy/tendinous lesions: Tendinopathy is the gen-
eral term that refers to tendon injury affected by mechanical
loading.23,26 Tenosynovitis is inflammation of the synovial
membrane covering a tendon. Tendinitis is inflammation of
a tendon; there may be resulting scarring or calcium de-
posits. Tenovaginitis is inflammation with thickening of a
tendon sheath. Tendinosis is degeneration of the tendon due
to repetitive microtrauma.

■  Synovitis: Inflammation of a synovial membrane; an excess
of normal synovial fluid in a joint or tendon sheath caused
by trauma or disease.

■  Hemarthrosis: Bleeding into a joint, usually due to severe
trauma.

■  Ganglion: Ballooning of the wall of a joint capsule or tendon
sheath. Ganglia may arise after trauma, and they sometimes
occur with rheumatoid arthritis.

■  Bursitis: Inflammation of a bursa.
■  Contusion: Bruising from a direct blow, resulting in capillary

rupture, bleeding, edema, and an inflammatory response.
■  Overuse syndromes, cumulative trauma disorders, and

repetitive strain injury: Repeated, submaximal overload
and/or frictional wear to a muscle or tendon resulting in
inflammation and pain.

Clinical Conditions Resulting From
Trauma or Pathology
In many conditions involving soft tissue, the primary pathology
is difficult to define or the tissue has healed with limitations,
resulting in secondary loss of function. The following are 
examples of clinical manifestations resulting from a variety of
causes, including those listed under the previous section.

■  Dysfunction: Loss of normal function of a tissue or region.
The dysfunction may be caused by adaptive shortening of
the soft tissues, adhesions, muscle weakness, or any condi-
tion resulting in loss of normal mobility.

■  Joint dysfunction: Mechanical loss of normal joint play in
synovial joints; commonly causes loss of function and pain.
Precipitating factors may be trauma, immobilization, dis-
use, aging, or a pathological condition such as rheumatoid
arthritis.

■  Contracture: Adaptive shortening of skin, fascia, muscle,
or a joint capsule that prevents normal mobility or flexi-
bility of that structure.

■  Adhesion: Abnormal adherence of collagen fibers to sur-
rounding structures during immobilization, after trauma,
or as a complication of surgery, which restricts normal elas-
ticity and gliding of the structures involved.

■  Reflex muscle guarding: Prolonged contraction of a mus-
cle in response to a painful stimulus. The primary pain-
causing lesion may be in nearby or underlying tissue, or 
it may be a referred pain source. When not referred, the
contracting muscle functionally splints the injured tissue

against movement. Guarding ceases when the painful
stimulus is relieved.

■  Intrinsic muscle spasm: Prolonged contraction of a muscle
in response to the local circulatory and metabolic changes
that occur when a muscle is in a continued state of con-
traction. Pain is a result of the altered circulatory and meta-
bolic environment, so the muscle contraction becomes
self-perpetuating regardless of whether the primary lesion
that caused the initial guarding is still irritable (Fig. 10.1).
Spasm may also be a response of muscle to viral infection,
cold, prolonged periods of immobilization, emotional tension,
or direct trauma to muscle.

■  Muscle weakness: A decrease in the strength of muscle con-
traction. Muscle weakness may be the result of a systemic,
chemical, or local lesion of a nerve of the central or periph-
eral nervous system or the myoneural junction. It may also
be the result of a direct insult to the muscle or simply due
to inactivity.

■  Myofascial compartment syndromes: Increased interstitial
pressure in a closed, nonexpanding, myofascial compart-
ment that compromises the function of the blood vessels,
muscles, and nerves. It results in ischemia and irreversible
muscle loss if there is no intervention.11 Causes include,
but are not limited to, fractures, repetitive trauma, crush
injuries, skeletal traction, and restrictive clothing, wraps,
or casts.

Severity of Tissue Injury
■  Grade 1 (first degree). Mild pain at the time of injury or

within the first 24 hours. Mild swelling, local tenderness,
and pain occur when the tissue is stressed.13,14

■  Grade 2 (second degree). Moderate pain that requires stopping
the activity. Stress and palpation of the tissue greatly increase
the pain. When the injury is to ligaments, some of the fibers
are torn, resulting in some increased joint mobility.13,14

■  Grade 3 (third degree). Near-complete or complete tear or
avulsion of the tissue (tendon or ligament) with severe

322 Soft Tissue Lesions

FIGURE 10.1 Self-perpetuating cycle of muscle spasm.
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pain. Stress to the torn tissue is usually painless; palpation
may reveal the defect. A torn ligament results in instability
of the joint.13,14

Irritability of Tissue: Stages 
of Inflammation and Repair
After any insult to connective tissue, whether it is from me-
chanical injury (including surgery) or chemical irritant, the
vascular and cellular response is similar (Table 10.1).16 Tissue
irritability, or sensitivity, is the result of these responses and is
typically divided into three overlapping stages of inflamma-
tion, repair, and maturation/remodeling.16,27,29 The following
table summarizes the clinical signs and symptoms.

Acute Stage (Reaction and Inflammation)
During the acute stage, the signs of inflammation develop;
they are swelling, redness, heat, pain at rest, and loss of func-
tion.16 When testing the range of motion (ROM), movement
is painful and the patient usually guards against the motion
before completion of the range is possible (Fig. 10.2 A). The
pain and impaired movement are from the altered chemical
state that irritates the nerve endings, increased tissue tension
due to edema or joint effusion, and muscle guarding, which
is the body’s way of immobilizing a painful area. This stage
usually lasts 4 to 6 days unless the insult is perpetuated.
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TABLE 10.1 Stages of Tissue Healing: Characteristics, Clinical Signs, and Interventions 

Subacute Stage: Proliferation, Chronic Stage: Maturation and 
Acute Stage: Inflammation Repair, and Healing Remodeling

Tissue responses and characteristics

Vascular changes
Exudation of cells and chemicals
Clot formation
Phagocytosis, neutralization of irritants
Early fibroblastic activity

Clinical signs

Inflammation
Pain before tissue resistance

Physical therapy goals and interventions for phases of rehabilitation

Phase I
Maximum Protection 

Control effects of inflammation: 
selective rest, ice, compression, 
elevation

Prevent deleterious effects of rest: 
nondestructive movement: 
passive ROM, massage, and 
muscle setting with caution

Removal of noxious stimuli
Growth of capillary beds into area
Collagen formation
Granulation tissue
Very fragile, easily injured tissue

Decreasing inflammation
Pain synchronous with tissue resistance

Phase II
Moderate Protection/
Controlled-Motion 

Develop mobile scar: selective
stretching, mobilization/manipulation
of restrictions

Promote healing: nondestructive active,
resistive, open- and closed-chain
stabilization, muscular endurance, and
cardiopulmonary endurance exercises,
carefully progressed in intensity and
range

Maturation of connective tissue
Contracture of scar tissue
Remodeling of scar
Collagen aligns to stress

Absence of inflammation
Pain after tissue resistance

Phase III
Minimum to No Protection/
Return to Function 

Increase tensile quality of scar:
progressive strengthening and
endurance exercises

Develop functional independence:
functional exercises and specificity
drills

FIGURE 10.2 Pain experienced with ROM when involved tissue is in
the (A) acute stage, (B) early subacute stage, and (C) late subacute
or chronic stage.
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Subacute Stage (Proliferation, Repair, 
and Healing)
During the subacute stage, the signs of inflammation pro-
gressively decrease and eventually are absent. When testing
ROM, the patient may experience pain synchronous with
encountering tissue resistance at the end of the available
ROM (Fig. 10.2 B). Pain occurs only when the newly devel-
oping tissue is stressed beyond its tolerance or when tight
tissue is stressed. Muscles may test weak, and function is lim-
ited as a result of the weakened tissue. This stage usually lasts
10 to 17 days (14 to 21 days after the onset of injury) but
may last up to 6 weeks in some tissues with limited circula-
tion, such as tendons.8,27,29

Chronic Stage (Maturation and Remodeling)
There are no signs of inflammation during the chronic stage.
There may be contractures or adhesions that limit range, and
there may be muscle weakness limiting normal function. Dur-
ing this stage, connective tissue continues to strengthen and
remodel in response to the stresses applied to it.7,23,27,29 A
stretch pain may be felt when testing tight structures at the
end of their available range (Fig. 10.2C). Function may be
limited by muscle weakness, poor endurance, or poor neuro-
muscular control. This stage may last 6 months to 1 year de-
pending on the tissue involved and amount of tissue damage.

Chronic Inflammation
A state of prolonged inflammation may occur if injured tissue
is continually stressed beyond its ability to repair. There are
symptoms of increased pain, swelling, and muscle guarding
that last more than several hours after activity. There are also
increased feelings of stiffness after rest, loss of ROM 24 hours
after activity, and progressively greater stiffness of the tissue
as long as the irritation persists.

Chronic Pain Syndrome
Chronic pain syndrome is a state that persists longer than 
6 months. It includes pain that cannot be linked to a source
of irritation or inflammation resulting in activity limitations
and participation restrictions that affect many parameters of
function.

Management During 
the Acute Stage

Tissue Response: Inflammation
The inflammatory stage involves cellular, vascular, and chem-
ical responses in the tissue. During the first 48 hours after in-
sult to soft tissue, vascular changes predominate. Exudation
of cells and solutes from the blood vessels takes place, and clot
formation occurs. During this period, neutralization of the
chemical irritants or noxious stimuli, phagocytosis (cleaning
up of dead tissue), early fibroblastic activity, and formation

of new capillary beds begin. These physiological processes
serve as a protective mechanism as well as a stimulus for sub-
sequent healing and repair.16 Usually this stage lasts 4 to 6 days
unless the insult is perpetuated.

Management Guidelines: Maximum
Protection (Phase I)
The therapist’s role during the protection phase of interven-
tion is to control the effects of the inflammation, facilitate
wound healing, and maintain normal functioning in unaf-
fected tissues and body regions. The information provided
here is summarized in Box 10.1.

Patient Education
Inform the patient about the expected duration of symptoms
(4 to 6 days), what he or she can do during this stage, any pre-
cautions or contraindications, and what to expect when the
symptoms lessen. Patients need reassurance that the acute
symptoms are usually short-lived, and they need to learn what
is safe to do during this stage of healing.

Protection of the Injured Tissue
To minimize musculoskeletal pain and promote healing, pro-
tection of the part affected by the inflammatory process is nec-
essary during the first 24 to 48 hours. This is usually provided
by rest (orthosis, tape, cast), cold (ice), compression, and eleva-
tion. Depending on the type and severity of the injury, manual
methods of pain and edema control, such as massage and gentle
(grade I) joint oscillations, may be beneficial. If a lower extrem-
ity is involved, protection with assistive devices for partial or
nonweight-bearing ambulation may be required.

Prevention of Adverse Effects of Immobility
Complete or continuous immobilization should be avoided
whenever possible as it can lead to adherence of the develop-
ing fibrils to surrounding tissue, weakening of connective 
tissue, and changes in articular cartilage.6,24,25

A long-term goal of treatment is the formation of a strong,
mobile scar at the site of the lesion, so there is complete and
painless restoration of activities. Initially, the network of fibril
formation is random. It acquires an organized arrangement
depending on the mechanical forces acting on the tissue.15 To
influence the development of an organized scar, begin treat-
ment during the acute stage, when tolerated, with carefully
controlled passive movements.

Tissue-specific movement. Tissue-specific movements
should be directed to the structure involved to prevent abnor-
mal adherence of the developing fibrils to surrounding tissue
and thus avoid future disruption of the scar. Tissue-specific
techniques are described below.

Intensity of movement. The intensity (dosage) of movement
should be gentle enough so the fibrils are not detached from
the site of healing. Too much movement too soon is painful
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and reinjures the tissue. The dosage of passive movement de-
pends on the severity of the lesion. Some patients tolerate no
movement during the first 24 to 48 hours; others tolerate only
a few degrees of gentle passive movement. Continuous passive
movement (see Chapter 3) has been useful immediately after
various types of surgery to joints—intra-articular, metaphyseal,
and diaphyseal fractures; surgical release of extra-articular con-
tractures and adhesions; and other select conditions.24,25 Any
movement tolerated at this stage is beneficial, but it must not
increase the inflammation or pain. Active movement is usually
contraindicated at the site of an active pathological process 
unless it is a chronic disease, such as rheumatoid arthritis.

General movement. Active movement is appropriate in
neighboring regions to maintain integrity in uninjured tissue
and to aid in circulation and lymphatic flow.

PRECAUTION: If movement increases pain or inflammation, it
is either of too great a dosage or it should not be done. Extreme
care must be used with movement at this stage.

Specific Interventions and Dosages
Passive ROM (PROM). PROM within the limit of pain is
valuable for maintaining mobility in joints, ligaments, tendons,
and muscles, as well as improving fluid dynamics and main-
taining nutrition in the joints.24,25 Initially, the range is prob-
ably very small.31 Stretching at this stage is contraindicated.
Any motion gained from the PROM techniques is because of
decreased pain, swelling, and muscle guarding.

Low-dosage joint mobilization/manipulation techniques.
Grade I or II distraction and glide techniques have the benefit
of improving fluid dynamics in the joint to maintain cartilage
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BOX 10.1 MANAGEMENT GUIDELINES—
Acute Stage/Maximum Protection 

Impairments of Body Structure and Function:
Inflammation, pain, edema, muscle spasm

Impaired movement

Joint effusion (if the joint is injured or if there is arthritis)

Restricted use of associated areas

Plan of Care Intervention (up to 1 week postinjury)

1. Educate the patient.

2. Control pain, edema, and spasm.

3. Maintain soft tissue and joint integrity 
and mobility.

4. Reduce joint swelling if symptoms 
are present.

5. Maintain integrity and function of 
associated areas.

PRECAUTIONS: The proper dosage of rest and movement must be used during the inflammatory stage. Signs of too
much movement are increased pain or increased inflammation.

CONTRAINDICATIONS: Stretching and resistance exercises should not be performed at the site of the inflamed or
swollen tissue.

1. Inform patient of anticipated recovery time and how to protect the
part while maintaining appropriate functional activities. 

2. Cold, compression, elevation, and massage (48 hours). 
   Immobilize the part (rest, orthosis, tape, cast). 
   Avoid positions of stress to the part.
   Gentle (grade I or II) joint oscillations with joint in pain-free position.

3. Appropriate dosage of passive movements within limit of pain,
specific to structure involved.

   Appropriate dosage of intermittent muscle setting or electrical
stimulation.

4. May require medical intervention if swelling is rapid (blood).
Provide protection (orthosis, cast).

5. Active-assistive, free, resistive, and/or modified aerobic exercises,
depending on proximity to associated areas and effect on the
primary lesion.

   Adaptive or assistive devices as needed to protect the part during
functional activities.
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health. These techniques may also reflexively inhibit or gate
the perception of pain. Low-dosage joint mobilizations are
beneficial with joint pathologies and any other connective
tissue injury that affects joint motion during the acute
stage.

Muscle setting. Gentle isometric muscle contractions per-
formed intermittently and at a very low intensity so as not
to cause pain or joint compression have several purposes.
The pumping action of the contracting muscle assists the
circulation and, therefore, fluid dynamics. If there is muscle
damage or injury, the setting techniques are done with 
the muscle in the shortened position to help maintain 
mobility of the actin-myosin filaments without stressing
the breached tissue. If there is joint injury, the position dur-
ing the setting techniques is dictated by pain; usually the
resting position for the joint is most comfortable. If toler-
ated, the intermittent setting techniques are performed in
several positions.

Massage. Massage serves the purpose of moving fluid, and
if it is applied cautiously and gently to injured tissue, it may
assist in preventing adhesions. Tendinous lesions are treated
with a gentle dosage applied transverse to the fibers to
smooth roughened surfaces or to maintain mobility of the
tendon in its sheath. When applied, the tendon is kept taut.
When treating muscle lesions, the muscle is usually kept in
its shortened position so as not to separate the healing
breach.6 Massage to manage the effects of edema is dis-
cussed in Chapter 26.

Interventions for Associated Areas
During the protection phase, maintain as normal a physio-
logical state as possible in related areas of the body. Include
techniques to maintain or improve the following areas.

Range of motion. These techniques may be done actively or
passively, depending on the proximity to and the effect on the
injured tissue.

Resistance exercise. Resistance exercises may be applied at
an appropriate dosage to muscles not directly related to the
injured tissue to prepare the patient for use of assistive de-
vices, such as crutches or a walker, and to improve ability to
perform needed activities.

Functional activities. Supportive or adaptive devices may be
necessary depending on area of injury and expected activities.

CLINICAL TIP
It is important to prevent vascular stasis, which may occur due
to swelling and immobility. Circulation is helped by encour-
aging activities within safe parameters and by using supportive
elastic wraps, elevating the part, and using appropriate mas-
sage and muscle-setting techniques. In the lower extremities,
active ankle and toe ROM should be performed if possible.

Management During 
the Subacute Stage

Tissue Response: Proliferation, Repair,
and Healing
During the second to fourth days after tissue injury, the in-
flammation begins to decrease, the clot starts resolving, and
repair of the injured site begins. This usually lasts an addi-
tional 10 to 17 days (14 to 21 days after the onset of injury)
but may last up to 6 weeks.

The synthesis and deposition of collagen characterize this
stage. Noxious stimuli are removed, and capillary beds begin
to grow into the area. Fibroblastic activity, collagen formation,
and granulation tissue development increase. Fibroblasts are
present in tremendous numbers by the fourth day after injury
and continue in large number until about day 21.28 The 
fibroblasts produce new collagen, and this immature collagen
replaces the exudate that originally formed the clot. In addi-
tion, myofibroblastic activity begins about day 5, causing scar
shrinkage (contraction).28,29 Depending on the size of injury,
wound closure usually takes 5 to 8 days in muscle and skin
and 3 to 6 weeks in tendons and ligaments.8,29

During this stage of healing, the immature connective tis-
sue that is produced is thin and unorganized. It is extremely
fragile and easily injured if overstressed, yet proper growth
and alignment can be stimulated by appropriate tensile load-
ing in the line of normal stresses for that tissue. At the same
time, adherence to surrounding tissues can be minimized.5

Management Guidelines: Moderate
Protection/Controlled Motion 
(Phase II)
The therapist’s role during this stage of healing is critical. The
patient feels much better because the pain is no longer constant,
and active movement can begin. It is easy to begin too much
movement too soon or, conversely, to be tempted to approach
intervention cautiously and not progress rapidly enough. Un-
derstanding the healing process and tissue response to stresses
underlies the critical decisions that are made throughout this
phase of intervention. The key is to initiate and progress non-
destructive exercises and activities, that is to perform exercises
and activities that are within the tolerance of the healing tissues,
which can then heal without re-injury or inflammation.7 The
information that follows is summarized in Box 10.2.

Patient Education
Inform the patient about what to expect at this stage, the time
frame for healing, and what signs and symptoms indicate that
he or she is pushing beyond tissue tolerance.

■  Encourage the patient to return to normal activities that do
not exacerbate symptoms, but caution against participating
in recreational, sports, or work-related activities at this time
that would be detrimental to the healing process.

326 Management During the Subacute Stage
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■  Teach the patient a home exercise program and help him
or her adapt work and recreational activities that are con-
sistent with intervention strategies so the patient becomes
an active participant in the recovery process.

Management of Pain and Inflammation
Pain and inflammation decrease as healing progresses.

■  Criteria for initiating active exercises and stretching during
the early subacute stage include decreased swelling, pain
that is no longer constant, and pain that is not exacerbated
by motion in the available range.

■  As new exercises are introduced or as the intensity of exer-
cises is progressed, monitor the patient’s response. Exercises
progressed too vigorously or activities begun too early can
be injurious to the fragile, newly developing tissue and may
delay recovery, cause pain, and perpetuate the inflamma-
tory response.7,27 If symptoms increase, modify the inten-
sity of exercises.

Initiation of Active Exercises
Because of the restricted use of the injured region, there is
muscle weakness even in the absence of muscle pathology.
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BOX 10.2 MANAGEMENT GUIDELINES—
Subacute Stage/Controlled Motion 

Impairments of Body Structure and Function:
Pain when end of available ROM is reached

Edema (decreasing but may still be present)

Joint effusion (decreasing but may still be present if joints are involved)

Soft tissue, muscle, and/or joint contractures (developing in immobilized region)

Muscle weakness from reduced usage or pain

Restricted ADLs and IADLs related to involved tissues

Plan of Care Intervention (up to 3 weeks postinjury)

1. Educate the patient.

2. Promote healing of 
injured tissues.

3. Restore soft tissue, 
muscle, and/or 
joint mobility.

4. Develop neuromuscular 
control, muscle endurance, 
and strength in involved 
and related muscles.

5. Maintain integrity and 
function of associated 
areas.

PRECAUTIONS: The signs of inflammation or joint swelling normally decrease early in this stage. Some discomfort will
occur as the activity level is progressed, but it should not last longer than a couple of hours. Signs of too much motion or
activity are resting pain, fatigue, increased weakness, and spasm lasting beyond 24 hours.

1. Inform patient of anticipated healing time and importance of following guidelines.
   Teach home exercises and encourage functional activities consistent with plan;

monitor and modify as patient progresses.

2. Monitor response of tissue to exercise progression; decrease intensity if pain or
inflammation increases.

   Protect healing tissue with assistive devices, orthoses, tape, or wrap;
progressively increase amount of time the joint is free to move each day and
decrease use of assistive device as strength in supporting muscles increases.

3. Progress from passive to active-assistive to active ROM within limits of pain.
   Gradually increase mobility of scar, specific to structure involved.
   Progressively increase mobility of related structures if limiting ROM; use

techniques specific to tight structure.

4. Initially, progress multiple-angle isometric exercises within patient’s tolerance;
begin cautiously with mild resistance.

    Initiate AROM, protected weight bearing, and stabilization exercises.
   As ROM, joint play, and healing improve, progress isotonic exercises with

increased repetitions.
   Emphasize control of exercise pattern and proper mechanics.
   Progress resistance later in this stage.

5. Apply progressive strengthening and stabilizing exercises, monitoring effect on
the primary lesion.

   Resume low-intensity activities involving the healing tissue that do not exacerbate
the symptoms.
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The subacute stage of healing is a transition period during
which active exercises within the pain-free range of the in-
jured tissue can begin and be progressed to muscular en-
durance and strengthening exercises with care, keeping within
the tolerance of the healing tissues (nondestructive motion). If
activity is kept within a safe intensity and frequency, symptoms
of pain and swelling progressively decrease each day. Patient 
response is the best guide to how quickly or vigorously to
progress. Clinically, if signs of inflammation increase or the
ROM progressively decreases, the intensity of the exercise and
activity must decrease, because chronic inflammation has de-
veloped and a retracting scar will become more limiting.2,3,17

Signs of excessive stress with exercise or activities are high-
lighted in Box 10.3.

Multiple-angle, submaximal isometric exercises. Sub-
maximal isometric exercises are used during the early suba-
cute stage to initiate control and strengthening of the muscles
in the involved region in a nonstressful manner. They may
also help the patient become aware of using the correct mus-
cles. The intensity and angles for resistance are determined
by the absence of pain.

■  To initiate isometric exercise in an injured, healing muscle,
place it in the shortened or relaxed position so the new scar
is not pulled from the breached site.5,27

■  To initiate isometric exercises when there is joint pathology,
the resting position for the joint may be the most comfort-
able position. The intensity of contraction should be kept
below the perception of pain.

Active ROM (AROM) exercises. AROM activities in pain-
free ranges are used to develop control of the motion.

■  Initially, use isolated, single plane motions. Emphasize con-
trol of the motion using light-resistive, concentric exercises
of involved muscle and muscles needed for proper joint
mechanics.

■  Use combined motions or diagonal patterns to facilitate
contraction of the desired muscles, but do not use patterns
of motion that are dominated by stronger muscles with the
weaker muscles not effectively participating at this early
stage. Do not stress beyond the ability of the involved or
weakened muscles to participate in the motion.

Muscular endurance exercises. Exercises for muscle en-
durance are emphasized during the subacute phase because
slow-twitch muscle fibers are the first to atrophy when there
is joint swelling, trauma, or immobilization.

■  Initially, use only active ROM, with emphasis on control.
Later during the healing phase, low-intensity, high-repetition
exercise with light resistance is used rather than high-intensity
resistance.

■  Be certain that the patient is using correct movement pat-
terns without substitution and is informed of the impor-
tance of stopping the exercise or activity when the involved
muscle fatigues or involved tissue develops symptoms. For
example, if the patient is doing shoulder flexion or abduc-
tion activities, substitution with scapular elevation should
be avoided, or if the patient is doing leg-lift exercises,
proper stabilization of the pelvis and the spine is important
to ensure safety and correct motor learning.

Protected weight-bearing exercises. Partial weight bearing
within the tolerance of the healing tissues may be used early
to load the region in a controlled manner and stimulate sta-
bilizing co-contractions in the muscles.

■  Provide reinforcement to help develop awareness of appro-
priate muscle contractions and to help develop control
while the patient shifts his or her weight in a side-to-side
or anterior-to-posterior motion. As tolerated by the pa-
tient, progress by increasing the amplitude of movement
or by decreasing the amount of support or protection.

■  Add resistance to progress strength in the weight-bearing
and stabilizing muscles.

PRECAUTION: Eccentric and heavy-resistance exercises, in-
cluding progressive resistance exercise may cause added
trauma to muscle and are not used in the early subacute stage
after muscle injury when the weak tensile quality of the healing
tissue could be jeopardized.18 For nonmuscular injuries, eccen-
tric exercises may not reinjure the part, but the resistance
should be limited to a low intensity at this stage to avoid 
delayed-onset muscle soreness. (This is in contrast to using 
eccentric exercises to facilitate and strengthen weak muscles
when there has been no injury to take advantage of greater ten-
sion development with less energy in eccentric contractions,
which is described in Chapter 6.)

Initiation and Progression of Stretching
Restricted motion during the acute stage and adherence of
the developing scar usually cause decreased flexibility in the
healing tissue and related structures in the region. To increase
mobility and stimulate proper alignment of the developing
scar, initiate stretching techniques that are specific to the 
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BOX 10.3 Signs of Excessive Stress With
Exercise or Activities

■ Exercise or activity soreness that does not decrease after 
4 hours and is not resolved after 24 hours

■ Exercise or activity pain that comes on earlier or is
increased over the previous session

■ Progressively increased feelings of stiffness and decreased
ROM over several exercise sessions

■ Swelling, redness, and warmth in the healing tissue
■ Progressive weakness over several exercise sessions
■ Decreased functional usage of the involved part

Exercise progressions may cause some temporary soreness
that can last 4 hours, but if the above signs and symptoms
occur, the activity, exercise, or stretching maneuvers are too
stressful and should be modified or reduced in intensity.
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tissues involved. More than one technique may have to be
used to regain the ROM.

Warm the tissues. Use modalities or active ROM to increase
the tissue temperature and relax the muscles for ease in
stretching.

Muscle relaxation techniques. Muscles that are not re-
laxed interfere with joint mobilization and passive stretch-
ing of inert tissue. If necessary, utilize hold-relax techniques
first to be able to take the tissues to the end of their available
range.

Joint mobilization/manipulation. If there is decreased
joint play restricting range, it is important to begin stretching
with specific joint techniques. Use grade III sustained or
grade III and IV oscillation techniques to restore some of the
joint slide prior to physiological stretching so as to minimize 
excessive compression of vulnerable cartilage. Joint distrac-
tion and gliding techniques are applied to stretch restricting
capsular tissue. (See Chapter 5 for the principles and tech-
niques of joint mobilization.)

Stretching techniques. Passive stretching techniques,
self-stretching, and prolonged mechanical stretching are
used to increase the extensibility of inert connective tis-
sue, which permeates every structure in the body. These
techniques are interspersed with neuromuscular inhibi-
tion techniques to relax and elongate the muscles crossing
the joints. (See Chapter 4 for the principles and tech-
niques of stretching.)

Massage. Various types of massage can be used for their
soft tissue mobilizing effects. For example, cross-fiber fric-
tion massage is used to mobilize ligaments and incision sites
so they move freely across the joint. Cross-fiber massage is
also used at the site of muscle scar tissue or tendon adhe-
sions to gain mobility of the scar tissue. The intensity and
duration of the technique is progressively increased as the
tissue responds.

Use of the new range. The patient must use the new range
to maintain any extensibility gained with the stretching ma-
neuvers and to develop control of the new range. Teach home
exercises that include light resistance using the agonist in the
new range as well as self-stretching techniques. Also encour-
age the patient to incorporate the new range into his or her
daily activities.

Correction of Contributing Factors
Continue to maintain or develop as normal a physiological
and functional state as possible in related areas of the body.
Address any postural or biomechanical impairments in sta-
bility, connective tissue and muscle flexibility, or strength that
may have precipitated the problem or that may prevent full
recovery. Resume low-intensity activities as the patient tol-
erates without exacerbating symptoms. Continue to reassess
the patient’s progress and understanding of the controlled
activities.

Management During 
the Chronic Stage

Tissue Response: Maturation 
and Remodeling
Scar retraction from activity of the myofibroblasts is usually
complete day 21 and the scar stops increasing in size, so from
day 21 to day 60, there is a predominance of fibroblasts that are
easily remodeled.27 The process of maturation begins during
the late subacute stage and continues for several months. The
maturation and remodeling of the scar tissue occur as collagen
fibers become thicker and reorient in response to stresses placed
on the connective tissue. Remodeling time is influenced by fac-
tors that affect the density and activity level of the fibroblasts,
including the amount of time immobilized, stress placed on
the tissue, location of the lesion, and vascular supply.

Maturation of Tissue
The primary differences in the state of the healing tissue 
between the late subacute and chronic stages are the improve-
ment in quality (orientation and tensile strength) of the 
collagen and the reduction of the wound size during the
chronic stages. The quantity of collagen stabilizes, and there
is a balance between synthesis and degradation. Depending
on the size of the structure or degree of injury or pathology,
healing with progressively increasing tensile quality in the 
injured tissue may continue for 12 to 18 months.8,19,28

Remodeling of Tissue
Because of the way immature collagen molecules are held to-
gether (hydrogen bonding) and adhere to surrounding tissue,
they can be easily remodeled with gentle and persistent treat-
ment. This is possible for up to 10 weeks. If not properly
stressed, the fibers adhere to surrounding tissue and form a
restricting scar. As the structure of collagen changes to cova-
lent bonding and thickens, it becomes stronger and resistant
to remodeling. At 14 weeks, the scar tissue is unresponsive to
remodeling. Consequently, an old scar has a poor response to
stretch.5 Treatment under these conditions requires either
adaptive lengthening in the tissue surrounding the scar or 
surgical release.

Management Guidelines: Minimum 
to No Protection/Return to Function
(Phase III)
The therapist’s role during this phase is to design a progres-
sion of exercises that safely stresses the maturing connective
tissue in terms of both flexibility and strength so the patient
can return to his or her regular activities and participate in
life situations including work, community mobility, and
recreation/sports. Individuals returning to high-intensity
work and sport activities require more intense exercises to
prepare the tissues to withstand the stresses and train the
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neuromuscular system to respond to the demands of the ac-
tivity (this may be referred to as Phase IV).

Because remodeling of the maturing collagen occurs in 
response to the stresses placed on it, it is important to use con-
trolled forces that replicate normal stresses on the tissue.7,15,23

Maximum strength of the collagen develops in the direction of
the imposed forces. Pain that the patient now experiences arises

only when stress is placed on restrictive contractures or adhe-
sions or when there is soreness due to increased stress of resistive
exercise. To avoid chronic or recurring pain, the contractures
must be stretched or the adhesions broken up and mobilized.
Excessive or abnormal stress leads to re-injury and chronic in-
flammation, which can be detrimental to the return of function.
The information that follows is summarized in Box 10.4.

330 Management During the Chronic Stage

BOX 10.4 MANAGEMENT GUIDELINES—
Chronic Stage/Return to Function 

Impairments of Body Structure and Function:
Soft tissue and/or joint contractures and adhesions that limit normal ROM or joint play

Decreased muscle performance—weakness, poor endurance, poor neuromuscular control

Decreased usage of the involved part

Inability to participate normally in an expected activity

Plan of Care Interventions (>3 weeks postinjury)

1. Educate the patient.

2. Increase soft tissue, 
muscle, and/or joint 
mobility.

3. Improve neuromuscular 
control, strength, and 
muscle endurance.

4. Improve cardiopulmonary 
endurance.

5. Progress activities and 
participation in life 
situations.

PRECAUTIONS: There should be no signs of inflammation. Some discomfort will occur as the activity level is progressed,
but it should not last longer than a couple of hours. Signs that activities are progressing too quickly or with too great a
dosage are joint swelling, pain that lasts longer than 4 hours or that requires medication for relief, a decrease in strength,
or fatiguing more easily.

1. Instruct patient in safe progressions of exercises and stretching.
   Monitor understanding and compliance.
   Teach ways to avoid reinjuring the part.
   Teach safe body mechanics.
   Provide ergonomic counseling.

2. Stretching techniques specific to tight tissue:
■ Joint and selected ligaments (joint mobilization/manipulation)
■ Ligaments, tendons, and soft tissue adhesions (cross-fiber massage)
■ Muscles (neuromuscular inhibition, passive stretch, massage, and flexibility

exercises)

3. Progress exercises:
■ Submaximal to maximal resistance
■ Specificity of exercise using resisted concentric and eccentric, weight bearing

and nonweight bearing
■ Single plane to multiplanar motions
■ Simple to complex motions, emphasizing movements that simulate functional

activities
■ Controlled proximal stability, superimpose distal motion
■ Safe biomechanics
■ Low repetitions to high repetitions at slow speeds; progress complexity and

time; progress speed and time.

4. Progress aerobic exercises using safe activities.

5. Continue using supportive and/or assistive devices until the ROM is functional
with joint play and strength in supporting muscles is adequate.

   Progress functional training with simulated activities from protected and
controlled to unprotected and variable.

    Continue progressive strengthening exercises and advanced training activities
until the muscles are strong enough and able to respond to the required demands.

5850_Ch10_321-335  17/08/17  5:45 PM  Page 330



Patient Education
Unless there is restrictive scar tissue requiring manual tech-
niques for intervention, the patient becomes more responsible
for carrying out the exercises in the plan of treatment.

■  Instruct the patient in biomechanically safe progressions of
resistance and self-stretching and how to self-monitor for
detrimental effects and signs of excessive stress (see Box 10.3).

■  Establish guidelines for what must be attained to return
safely to recreational, sport, or work-related activities.

■  Re-examine and evaluate the patient’s progress and modify
the exercises as progress is noted or if problems develop.

■  Recommend modifications in daily living, work, or sport
activities if they are contributing to the patient’s impair-
ments and preventing return to desired activities.

Considerations for Progression of Exercises
Free joint play within a useful (or functional) ROM is 
necessary to avoid joint trauma. If joint play is restricted,
joint-mobilization/manipulation techniques should be used.
These stretching techniques can be vigorous so long as no
signs of increased irritation result.

Adequate muscle support is necessary to protect the joint.
If there is weakness, faulty neuromuscular patterns may de-
velop as activities are attempted. Poor support or faulty pat-
terns of movement may result in microtrauma. The criterion
for strength should be a muscle test grade of 4 on a 5-point
scale in lower extremity musculature before discontinuing use
of supportive or assistive devices for ambulation.

■  To increase strength when there is a loss of joint play, use
multiple-angle isometric exercises in the available range.

■  Once joint play within the available ROM is restored, use
resistive dynamic exercises within the available range. This
does not imply that normal ROM needs to be present be-
fore initiating dynamic exercises but that joint play within
the available range should be present. (See Chapter 5 for
information on joint play.)

■  In summary, joint dynamics and muscle strength and flex-
ibility should be balanced as the injured part is progressed
to functional exercises.

Progression of Stretching
Stretching of any restricting contractures or adhesions should
be specific to the tissue involved using manual techniques,
such as joint mobilization/manipulation, myofascial massage,
proprioceptive neuromuscular facilitation stretching, and
passive stretching in addition to instruction in self-stretching.
(See Chapters 4 and 5 and the self-stretching exercises de-
scribed in Chapters 16 to 22.) At this stage, progress the in-
tensity and duration of the stretching maneuvers so long as
no signs of increased irritation persist beyond 24 hours.

Progression of Exercises for Muscle
Performance: Developing Neuromuscular
Control, Strength, and Endurance
As the patient’s tissues heal, not only does treatment progress
to stimulate proper maturation and remodeling in the healing

tissue, but emphasis is also placed on controlled progressive
exercises designed to prepare the patient to meet the outcome
goals.

■  If the patient is not using some of the muscles because of
inhibition, weakness, or dominance of substitute patterns,
isolate the desired muscle action or use unidirectional mo-
tions to develop awareness of muscle activity and control
of the movement.

■  Progress exercises from isolated, unidirectional, simple
movements to complex patterns and multidirectional
movements requiring coordination with all muscles func-
tioning for the desired activity.30

■  Progress strengthening exercises to simulate specific de-
mands including both weight-bearing and nonweight-
bearing (closed- and open-chain) and both eccentric and
concentric contractions.22

■  Progress trunk stabilization, postural control, and balance
exercises and combine with extremity motions for effective
total body movement patterns.30

■  Teach safe body mechanics and have the patient practice
activities that replicate his or her work environment.

■  Often overlooked but of importance in preventing injury
associated with fatigue is developing muscular endurance
in the prime mover muscles and stabilizing muscles as well
as cardiopulmonary endurance.

Return to High-Demand Activities
Patients who must return to activities with greater than normal
demand, such as is required in sports participation and heavy
work settings, are progressed further to more intense exercises
including plyometrics, agility training, and skill development.

■  Develop exercise drills that simulate the work12 or sport2,30

activities using a controlled environment with specific, pro-
gressive resistance and plyometric drills.

■  As the patient demonstrates capabilities, increase the rep-
etitions and speed of the movement.

■  Progress by changing the environment and introducing
surprise and uncontrolled events into the activity.1,30

The importance of proper education to teach a safe pro-
gression of exercises and how to avoid damaging stresses can-
not be overemphasized. To return to the activity that caused
the injury prior to regaining functional pain-free motion,
strength, endurance, and skill to match the demands of the
task would probably result in recurring injury and pain.

Cumulative Trauma: Chronic
Recurring Pain

Tissue Response: Chronic
Inflammation
When connective tissue is injured, it goes through a healing
process of repair, which was described in the preceding sec-
tions. However, in connective tissue that is repetitively stressed
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beyond the ability to repair itself, the inflammatory process
is perpetuated. Proliferation of fibroblasts with increased col-
lagen production and degradation of mature collagen leads
to a predominance of new, immature collagen. This has 
an overall weakening effect on the tissue. In addition, myofi-
broblastic activity continues, which may lead to progressive
limitation of motion.27

Causes of Chronic Inflammation
Prolonged or recurring pain and resulting limitations in 
activity and function occur as a result of stress being imposed
on tissues that are unable to respond to the repetitive or 
excessive nature of the stress.

Overuse, cumulative trauma, repetitive strain. These are
terms descriptive of the repetitive nature of the precipitating
event.9 Repetitive microtrauma or repeated strain overload over
time results in structural weakening, or fatigue breakdown, of
connective tissue, with collagen fiber cross-link breakdown and
inflammation. Initially, the inflammatory response from the
microtrauma is subthreshold but eventually builds to the point
of perceived pain and resulting dysfunction.

Repetitive microtrauma to tendons may lead to tendon
degeneration.29 It has been reported that inflammation oc-
curs in the early stages of tendinopathy, but when tendons
become degenerative, inflammation largely disappears, lead-
ing some to state that this is not an inflammatory condi-
tion.23,27,29 Histological findings in tendinopathy have shown
a poor healing response with collagen degeneration, fiber
thinning and disorientation, hypercellularity, and scattered
vascular ingrowth.26,27 The underlying abnormalities result-
ing in a weakened tendon are not quickly resolved resulting
in loss of function.26

Trauma. Trauma that is followed by superimposed repetitive
trauma results in a condition that never completely heals. This
may be the result of too early return to high-demand func-
tional activities before the original injury has properly healed.
The continued re-injury leads to the symptoms of chronic 
inflammation and dysfunction.

Reinjury of an “old scar.” Scar tissue is not as compliant
as surrounding, undamaged tissue. If the scar adheres to the
surrounding tissues or is not properly aligned to the stresses
imposed on the tissue, there is an alteration in the force
transmission and energy absorption. This region becomes
more susceptible to injury with stresses that normal, healthy
tissue could sustain.

Contractures or poor mobility. Faulty postural habits or
prolonged immobility may lead to connective tissue contrac-
tures that become stressed with repeated or vigorous activity.

Contributing Factors
By the nature of the condition, there is usually some factor that
perpetuates the problem. Not only should the tissue at fault
and its stage of pathology be identified, but the mechanical

cause of the repetitive trauma needs to be defined. Evaluate for
faulty mechanics or faulty habits that may be sustaining the
irritation. Possibilities include:

■  Imbalance between the length and strength of the muscles
around the joint, leading to faulty mechanics of joint 
motion or abnormal forces through the muscles

■  Rapid or excessive repeated eccentric demand placed on mus-
cles not prepared to withstand the load, leading to tissue
failure, particularly in the musculotendinous region18

■  Muscle weakness or an inability to respond to excessive
strength demands that results in muscle fatigue with 
decreased contractility and shock-absorbing capabilities
and increased stress to supporting tissues18

■  Bone malalignment or weak structural support that causes
faulty joint mechanics of force transmission through the
joints (poor joint stability as in a flat foot)20

■  Change in the usual intensity or demands of an activity such
as an increase or change in an exercise or a training routine
or change in job demands18

■  Returning to an activity too soon after an injury when the
muscle-tendon unit is weakened and not ready for the
stress of the activity7,10

■  Sustained awkward postures or motions, placing parts of the
body at a mechanical disadvantage, leading to postural 
fatigue or injury

■  Environmental factors such as a work station not ergonom-
ically designed for the individual, excessive cold, continued
vibration, or inappropriate weight-bearing surface (for
standing, walking, or running), which may contribute to
any of the previous factors

■  Age-related factors such that a person attempts activities
that could be done when younger but his or her tissues are
no longer in condition to withstand the sustained stress21

■  Training errors, such as using improper methods, intensity,
amount, or equipment, or the condition of the participant,
which lead to abnormal stresses.20

■  A combination of several contributing factors are frequently
seen that cause the symptoms

Management Guidelines: Chronic
Inflammation
When the patient has symptoms and signs of chronic inflam-
mation, it is imperative that treatment begins by controlling the
inflammation—in other words, treat it as an acute condition.
Once the inflammation is under control, treatment progresses
to dealing with the impairments and functional limitations.
Management guidelines are summarized in Box 10.5.

Chronic Inflammation: Acute Stage
When the inflammatory response is perpetuated because of
continued tissue irritation, the inflammation must be con-
trolled to avoid the negative effects of continued tissue break-
down and excessive scar formation.

■  In addition to the use of modalities and resting the part, it
is imperative to identify and then modify the mechanism

332 Cumulative Trauma: Chronic Recurring Pain
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BOX 10.5 MANAGEMENT GUIDELINES—
Chronic Inflammation/Cumulative Trauma Syndromes

Impairments of Body Structure and Function:
Pain in the involved tissue of varying degrees:

■ Only after doing repetitive activities
■ When doing repetitive activities as well as after
■ When attempting to do activities; completion of activity is prevented
■ Continued and unremitting

Soft tissue, muscle, and/or joint contractures or adhesions that limit normal ROM or joint play

Connective tissue weakness in painful region

Muscle weakness and poor muscular endurance in postural or stabilizing muscles as well as primary muscle at fault

Imbalance in length and strength between antagonistic muscles; biomechanical dysfunction

Faulty position or movement pattern perpetuating the impairment

Decreased use of the region for activities and participation in desired life situation

Plan of Care Interventions During Chronic Inflammation

1. Educate the patient.

2. Promote healing; decrease 
pain and inflammation.

3. Maintain integrity and 
mobility of involved tissue.

4. Develop support in 
related regions

Plan of Care

1. Educate the patient.

2. Develop strong, mobile scar.

3. Develop a balance in length 
and strength of the muscles.

4. Progress functional 
independence.

5. Analyze job/activity.

PRECAUTION: If there is progressive loss of ROM as the result of stretching, do not continue to stretch. Reevaluate the
condition and determine if there is still a chronic inflammation with contracting scar or if there is protective muscle guard-
ing. Emphasize stabilizing the part and training in safe adaptive patterns of motion.

1. Counsel as to cause of chronic irritation and need to avoid stressing the part
while inflamed.

   Adapt the environment to decrease tissue stress.
   Implement a home exercise program to reinforce therapeutic interventions.

2. Cold, compression, massage
   Rest to the part (stop mechanical stress, orthosis, tape, cast)

3. Nonstressful passive movement, massage, and muscle setting within limits 
of pain

4. Posture training
   Stabilization exercises

Interventions—Controlled Motion and Return to Function Phases

1. Ergonomic counseling in ways to prevent recurrence
   Home instruction in safe progression of stretching and strengthening exercises.
   Instruction on signs of too much stress (see Box 10.3)

2. Friction massage
   Soft tissue mobilization

3. Correct cause of faulty muscle and joint mechanics with appropriately graded
stretching and strengthening exercises.

4. Train muscles to function according to demand; provide alternatives or support if
they cannot.

   Train coordination and timing.
   Develop endurance.

5. Adapt home, work, and sport environment/tools.
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of chronic irritation with appropriate biomechanical
counseling. This requires cooperation from the patient.
Describe to the patient how the tissue reacts and breaks
down under continued inflammation and explain the
strategy of intervention.

CLINICAL TIP
Use of illustrations to help the patient understand the
mechanism of tissue breakdown with cumulative trauma 
syndromes—such as what happens when a person repeatedly
hits a thumbnail with a hammer or repeatedly irritates or
scrapes a skin area before it heals—helps the patient visualize
the repeated trauma occurring in the musculoskeletal problem
and understand the need to quit “hitting or irritating the sore.”

■  Initially, allow only nonstressful activities.
■  Initiate exercises at safe, nonstressful intensities in the in-

volved tissues, as with any acute lesion, and at appropriate
corrective intensities in related regions without stressing
the involved tissues.

Subacute and Chronic Stages of Healing
Following Chronic Inflammation
Once the constant pain from the chronic inflammation has
decreased, progress the patient through an exercise program
with controlled stresses until the connective tissue in the in-
volved region has developed the ability to withstand the
stresses imposed by the functional activities.

■  Locally, if there is a chronic, contracted scar that limits
range or continually becomes irritated with microruptures,

mobilize the scar in the tissue using friction massage, soft
tissue manipulation, or stretching techniques. If inflamma-
tion results from the stretching maneuvers, treat it as an
acute injury. Because chronic inflammation can lead to
proliferation of scar tissue and contraction of the scar, pro-
gressive loss of range is a warning sign that the intensity of
stretching is too vigorous.

■  Muscle guarding could be a sign that the body is attempting
to protect the part from excessive motion. In this case, the
emphasis is on developing stabilization of the part and
training in safe adaptive patterns of motion.

■  Identify the cause of the faulty muscle and joint mechanics.
Strengthening and stabilization exercises, in conjunction
with working or recreational adaptations, are necessary to
minimize the irritating patterns of motion.

■  Because chronic irritation problems frequently result from
an inability to sustain repetitive activities, muscle endurance
is an appropriate component of the muscle re-education
program. Consider endurance in the postural stabilizers 
as well as in the prime movers of the desired functional 
activity.

■  As when treating patients in the chronic stage of healing,
progress exercises to develop functional independence. The
exercises become specific to the demand and include tim-
ing, coordination, and skill.

■  Work-conditioning and work-hardening programs may be
used to prepare the person for return to work; training in
sports-specific exercises is important for returning an in-
dividual to sports.

NOTE: Specific overuse syndromes are covered in detail in the
respective chapters associated with the involved region.

334 Cumulative Trauma: Chronic Recurring Pain

Independent Learning Activities

Critical Thinking and Discussion
1. Your patient has experienced an injury to a muscle. De-

scribe the symptoms that he or she will experience during
each stage of inflammation and repair and describe the
principles of the exercise intervention that should be used
during each stage. Once you have identified the principles,
choose a commonly injured muscle, such as the ham-
strings, and describe the symptoms, test results, goals,
treatment plan, and actual interventions that you would
use for each stage of intervention.

2. Repeat Activity 1, except use a ligamentous injury, such as
strain of the humeroulnar ligament or anterior talofibular
ligament.

3. Describe the mechanism of injury for common overuse
syndromes, such as lateral epicondylitis or shin splints, and
explain the differences between such an injury and an
acute traumatic injury.
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General guidelines and principles for developing exercise in-
terventions for patients with soft tissue lesions were presented
in the previous chapter. The purpose of this chapter is to pres-
ent principles of management of selected pathologies that 
affect joints, connective tissue, and bone. Characteristics of
arthritis, fibromyalgia, myofascial pain syndrome, osteoporo-
sis, and fractures are described in conjunction with the effects
of therapeutic exercise on impairments associated with these
pathological conditions.

Arthritis: Arthrosis

Arthritis is inflammation of a joint. There are many types 
of arthritis, both inflammatory and noninflammatory, that
affect joints and other connective tissues in the body. The
most common types treated by therapists are rheumatoid
arthritis and osteoarthritis. Arthrosis is limitation of a joint
without inflammation. Unless the cause of the joint problems
is known, such as recent trauma or immobility, medical in-
tervention is necessary to diagnose and medically manage the
pathology. Traumatic arthritis may require aspiration if there
is bloody effusion. 

The therapist examines, integrates, and evaluates the present-
ing information and then develops a plan of care by selecting
interventions to safely meet the goals. Knowledge of the under-
lying pathology is important in order to understand the prog-
nosis and safely manage the patient’s impairments, activity
limitations, and participation restrictions.61,75

Clinical Signs and Symptoms
Signs and symptoms common to all types of arthritic condi-
tions generally include the following.

Impaired Mobility
The patient usually presents with signs typical of joint in-
volvement that include a characteristic pattern of limitation
(called a capsular pattern), usually a firm end-feel (unless
acute—then the end-feel may be guarded), decreased and
possibly painful joint play, and joint swelling (effusion).79

Additional signs and symptoms may be present depending
on the specific disease process. Table 11.1 summarizes the
characteristic signs and symptoms of osteoarthritis and
rheumatoid arthritis.

Arthrosis may be present if the individual is recovering
from a fracture or other problem requiring immobiliza-
tion. There is limited joint play along with other connec-
tive tissue and muscular contractures limiting range of
motion (ROM).

Impaired Muscle Performance
Weakness from disuse or reflex inhibition of stabilizing mus-
cles occurs when there is joint swelling or pain. Muscle weak-
ness or inhibition leads to imbalances in strength and
flexibility and poor support for the involved joints. Asymme-
try in muscle pull may be a deforming force to the joints, and
poor muscle support allows the joint to be more susceptible
to trauma; conversely, good muscle support helps protect an
arthritic joint.

336
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Impaired Balance
Patients may develop balance deficits because of altered or 
decreased sensory input from joint mechanoreceptors and
muscle spindle. This is particularly a problem with weight-
bearing joints.99,155

Activity Limitations and Participation
Restrictions
The ability to carry out home, community, work-related, or
social activities may be minimally to significantly restricted.
Adaptive and assistive devices may be used by the patient to
improve function or help prevent possible deforming forces.
A variety of classification systems and functional instruments
have been developed for use in clinical studies as well as 
routine practice to measure patient function and outcomes
in response to interventions.65

Rheumatoid Arthritis
Rheumatoid arthritis (RA) is an autoimmune, chronic, in-
flammatory, systemic disease primarily of unknown etiology
affecting the synovial lining of joints as well as other con-
nective tissue. It is characterized by a fluctuating course,
with periods of active disease and remission. The onset and
progression vary from mild joint symptoms with aching and
stiffness to abrupt swelling, stiffness, and progressive defor-
mity.4,6,87,97,124 The revised criteria for classification of RA
are summarized in Box 11.1. This classification criteria was
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TABLE 11.1 Comparison of Osteoarthritis and Rheumatoid Arthritis6,23,68,140

Characteristics Osteoarthritis Rheumatoid Arthritis

Age of onset

Progression

Manifestations

Joint involvement

Joint signs and 
symptoms

Systemic signs 
and symptoms

Usually after age of 40

Usually develops slowly over many years in
response to mechanical stress

Cartilage degradation, altered joint
architecture, osteophyte formation

Affects a few joints (usually asymmetrical);
typically:

—DIP, PIP, 1st CMC of hands
—Cervical and lumbar spine
—Hips, knees, 1st MTP of feet

Morning stiffness (usually < 30 min), increased
joint pain with weight-bearing and strenuous
activity; crepitus and loss of ROM

None

Usually begins between age 15 and 50

May develop suddenly, within weeks or
months

Inflammatory synovitis and irreversible
structural damage to cartilage and bone

Usually affects many joints, usually bilateral;
typically:

—MCP and PIP of hands, wrists, elbows,
shoulders

—Cervical spine
—MTP, talonavicular and ankle

Redness, warmth, swelling, and prolonged
morning stiffness; increased joint pain with
activity

General feeling of sickness and fatigue, weight
loss, and fever; may develop rheumatoid
nodules; may have ocular, respiratory,
hematological, and cardiac symptoms

BOX 11.1 Criteria for Diagnosis of Rheumatoid
Arthritis2

1. Confirmed presence of synovitis in at least one joint,
absence of an alternative diagnosis

2. Achievement of a total score ≥ 6 out of 10 from the
following 4 domains:
A. Number and site of involved joints.

■ 1 large joint = 0
■ 2–10 large joints = 2
■ 1–3 small joints = 2
■ 4–10 small joints = 3
■ >10 joints (at least 1 small) = 5

B. Serology (at least 1 test result required)
■ Negative RF and negative ACPA = 0
■ Low-positive RF or low-positive ACPA = 2
■ High-positive RF or high-positive ACPA = 3

C. Acute-phase reactants (at least 1 test is needed)
■ Normal CRP and normal ESR = 0
■ Abnormal CRP and abnormal ESR = 1

D. Duration of Symptoms
■ < 6 weeks = 0
■ ≥ 6 weeks = 1

RF = rheumatoid factor; ACPA = anti-citrullinated protein; 
CRP = C-reactive protein; ESR = erythrocyte sedimentation rate.
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■  Inflammatory changes also occur in tendon sheaths
(tenosynovitis); if subjected to recurring friction, the tendons
may fray or rupture.

■  Extra-articular pathological changes sometimes occur; they
include rheumatoid nodules, atrophy and fibrosis of mus-
cles with associated muscular weakness, fatigue, and mild
cardiac changes.

■  Progressive deterioration and decline in the functional
level of the individual attributed to the muscular
changes and progressive muscle weakness is often seen,35

leading to major economic loss and significant impact
on families.4

■   The degree of involvement varies. Some individuals experi-
ence mild symptoms that require minor lifestyle changes and
mild anti-inflammatory medications. Others experience sig-
nificant pathological changes in the joints that require major
adaptations in lifestyle. Loss of joint function is irreversible,
and often surgery is needed to decrease pain and improve
function. Early recognition is essential during the initial
stages, with referral to a rheumatologist for diagnosis and

developed in order to focus on identification of the disease
at earlier stages rather than features present in late stages of
the disease.2

Characteristics of RA
■  This disease is characterized by symmetric, erosive syn-

ovitis4 with periods of exacerbation (flare) and remis-
sion.6,87,97 Joints are characteristically involved with early
inflammatory changes in the synovial membrane, pe-
ripheral portions of the articular cartilage, and subchon-
dral marrow spaces. In response, granulation tissue
(pannus) forms, covers, and erodes the articular carti-
lage, bone, and ligaments in the joint capsule. Adhesions
may form, restricting joint mobility. With progression of
the disease, cancellous bone becomes exposed. Fibrosis,
ossific ankylosis, or subluxation may eventually cause de-
formity and disability (Figs. 11.1, 11.2, and 11.3).6,124
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Periarticular
fusiform swelling

Periarticular
osteoporosis

Erosion of articular
cartilage and joint
space narrowing

Telescoping of digits
caused by metacarpo-
phalangeal destruction
and dislocation

Joint contractures
and deformities

Periarticular
swelling

Subchondral
radiolucent
defects

Synovial
pseudocysts

Articular cartilage
erosion and joint
space narrowing

Periarticular
osteoporosis

FIGURE 11.1 (A) Radiographic hallmarks and typical joint defor-
mities with rheumatoid arthritis in small joints of the wrist and
hand. (B) Radiographic hallmarks of rheumatoid arthritis in large
joints.

A

B

FIGURE 11.2 Advanced rheumatoid arthritis of the hip joints. Note
that the destruction caused by rheumatoid arthritis involves the en-
tire joint space and the bone on both sides of the joint. This causes
concentric joint space narrowing. The arrows point to small areas 
of sclerosis on the weight-bearing superior joint surfaces. Although
not a primary characteristic of RA, sclerotic repair (primary in degen-
erative joint disease) can occur over the years in between episodes
of RA exacerbations. (From McKinnis, LN: Fundamentals of Muscu-
loskeletal Imaging, ed. 4. Philadelphia: F.A. Davis, 2014, p 53, with 
permission.)
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medical management to control the inflammation and min-
imize joint damage.23

Signs and Symptoms: Periods of Active
Disease
■  With synovial inflammation, there is effusion and swelling

of the joints, which cause aching and limited motion. Joint
stiffness is prominent in the morning. Usually there is pain
on motion, and a slight increase in skin temperature can
be detected over the joints. Pain and stiffness worsen after
strenuous activity.

■  Onset is usually in the smaller joints of the hands and feet,
most commonly in the proximal interphalangeal joints.
Usually symptoms are bilateral.

■  With progression, the joints become deformed and may
ankylose or subluxate.

■  Pain is often felt in adjoining muscles, and eventually mus-
cle atrophy and weakness occur. Asymmetry in muscle
strength and alterations in the line of pull of muscles and
tendons add to the deforming forces.

■  The person often experiences nonspecific symptoms such
as low-grade fever, loss of appetite and weight, malaise, and
fatigue.

Principles of Management: Active
Inflammatory Period of RA
Management guidelines are summarized in Box 11.2.

■  Patient education. Because periods of active disease may last
several months to more than a year, begin education in the
overall treatment plan, safe activity, and joint protection
(Box 11.3) as soon as possible.100 It is imperative to involve
the patient in the management, so he or she learns how to
conserve energy and avoid potential deforming stresses
during activities and when exercising.

■  Joint protection and energy conservation. It is important that
the patient learns to respect fatigue and, when tired, rests to
minimize undue stress to all the body systems. Because in-
flamed joints are easily damaged and rest is encouraged to
protect the joints, teach the patient how to rest the joints in
nondeforming positions and to intersperse rest with ROM.

■  Joint mobility. Use gentle grade I and II distraction and os-
cillation techniques to inhibit pain and minimize fluid stasis.
Stretching techniques are not performed when joints are
swollen.

■  Exercise. The type and intensity of exercise vary depending
on the symptoms. Encourage the patient to do active exer-
cises through as much ROM as possible (not stretching). If
active exercises are not tolerated owing to pain and
swelling, passive ROM is used. Once symptoms of pain and
signs of swelling are controlled with medication, progress
exercises as if subacute.

CLINICAL TIP

Therapeutic exercises cannot positively alter the pathological
process of RA, but if administered carefully, they can help pre-
vent, retard, or correct the mechanical limitations and deform-
ing forces that occur and, therefore, help maintain function.

 FOCUS ON EVIDENCE
The Clinical Practice Guidelines (CPGs) for Therapeutic 
Exercise in the Management of Rheumatoid Arthritis in
Adults recommend therapeutic exercise based on the strength
of evidence from comparative controlled trials.18

■  Functional training. Modify any activities of daily living
(ADL) needed in order to protect the joints. If necessary,
use orthoses and assistive devices to provide protection.

PRECAUTIONS: Secondary effects of steroidal medications
may include osteoporosis and ligamentous laxity, so use ex-
ercises that do not cause excessive stress to bones or joints.

CONTRAINDICATIONS: Do not perform stretching tech-
niques across swollen joints. When there is effusion, limited mo-
tion is the result of excessive fluid in the joint space. Forcing
motion on the distended capsule overstretches it, leading to
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FIGURE 11.3 Rheumatoid arthritis of the foot. First metatarsopha-
langeal joint shows severe erosion of the joint surface with subluxa-
tion of the metatarsal (arrow). (From McKinnis, LN: Fundamentals of
Musculoskeletal Imaging, ed. 4. Philadelphia: F.A. Davis, 2014, p 57,
with permission.) 
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subsequent hypermobility (or subluxation) when the swelling
abates. It may also increase the irritability of the joint and pro-
long the joint reaction.

Principles of Management: Subacute 
and Chronic Stages of RA
As the intensity of pain, joint swelling, morning stiffness, and
systemic effects diminish, the disease is considered subacute.
Often medications can decrease the acute symptoms, so the
patient can function as if in the subacute stage. The chronic
stage occurs between exacerbations. This may be very short
in duration, or it may last many years.

■  Treatment approach. The treatment approach is the same
as with any subacute and chronic musculoskeletal disor-
der, except appropriate precautions must be taken because
the pathological changes from the disease process make
the tissues more susceptible to damage.

■  Joint protection and activity modification. Continue to em-
phasize the importance of protecting the joints by adapting
the environment, and by modifying activity, using orthoses,
and assistive devices.

■  Flexibility and strength. To improve function, exercises should
be aimed at improving flexibility, muscle strength, and
muscle endurance within the tolerance of the joints.35

■  Cardiopulmonary endurance. Nonimpact or low-impact
conditioning exercises—such as aquatic exercise, cycling,
aerobic dancing, and walking/running—performed within
the tolerance of the individual improve aerobic capacity
and physical activity and decrease depression and anxi-
ety.10,105,132,159 Group activities, such as water aerobics, also
provide social support in conjunction with the activity.
One randomized review suggested that aerobic training
also has a positive impact on the cardiovascular status of
patients with RA.104
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BOX 11.2 MANAGEMENT GUIDELINES—
Rheumatoid Arthritis/Active Disease Period

Impairments, Activity Limitations, and Participation Restrictions:
Tenderness and warmth over the involved joints with joint swelling

Muscle guarding and pain on motion

Joint stiffness and limited motion

Muscle weakness and atrophy

Potential deformity and ankylosis from the degenerative process and asymmetric muscle pull

Fatigue, malaise, and sleep disorders

Restricted ADLs and IADLs

Plan of Care Interventions

1. Educate the patient.

2. Relieve pain and muscle 
guarding and promote 
relaxation.

3. Minimize joint stiffness and 
maintain available motion.

4. Minimize muscle atrophy.

5. Prevent deformity and protect 
the joint structures.

PRECAUTIONS: Respect fatigue and increased pain; do not overstress osteoporotic bone or lax ligaments.

CONTRAINDICATIONS: Do not stretch swollen joints or apply heavy resistance exercise that cause joint stress or
place deforming forces on the joint.

1. Inform the patient on importance of rest, joint protection, energy conservation,
and performance of ROM.

   Teach home exercise program and activity modifications that conserve energy
and minimize stress to vulnerable joints.

2. Modalities
   Gentle massage
   Immobilize in orthoses
   Relaxation techniques
   Medications as prescribed by physician

3. Passive or active-assistive ROM within limits of pain; gradual progression as
tolerated.

   Gentle joint techniques using grade I or II oscillations.

4. Gentle isometrics in pain-free positions, progression to ROM when tolerated.

5. Use of supportive and assistive equipment for all pathologically active joints.
   Good bed positioning while resting.
   Avoidance of activities that stress the joints.
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PRECAUTIONS: The joint capsule, ligaments, and tendons
may be structurally weakened by the rheumatic process (also
as a result of using steroids), so the dosage of stretching and
joint mobilization techniques used to counter any contractures
or adhesions must be carefully graded.

CONTRAINDICATIONS: Vigorous stretching or high-velocity
thrust manipulative techniques.

 FOCUS ON EVIDENCE
Several systematic reviews looking at best evidence for the 
use of therapeutic exercise in the treatment of RA have been
published.18,34,38,104 Although there are few randomized well-
controlled studies looking at the outcome of exercise, studies
of various strength do support that therapeutic exercise, 
including functional strengthening and aerobic exercise, is
beneficial for patients with RA, demonstrating relief of pain,
improved muscle strength, and functional status. In one 
of the reviews,38 investigators found that moderate- or high-
intensity exercise in patients with RA had a minimal effect on
disease activity and radiological evidence of damage in the
hands and feet, and that there is insufficient radiological evi-
dence to determine the effect in large joints. The reviewers
also reported that long-term moderate- or high-intensity ex-
ercises (individualized to protect radiologically damaged
joints) improve aerobic capacity, muscle strength, functional
ability, and psychological well-being in patients with RA.38 A
more recent systematic review of randomized research studies
on the effect of aerobic exercise in adults with RA found that
aerobic exercise improved the quality of life, decreased pain,
increased function, and did not exacerbate the disability or
radiologic indicators.136

Osteoarthritis: Degenerative Joint
Disease
Osteoarthritis (OA) is a chronic degenerative disorder prima-
rily affecting the articular cartilage of synovial joints, with
eventual bony remodeling and overgrowth at the margins of
the joints (spurs and lipping) (Fig. 11.4). There is also pro-
gression of synovial and capsular thickening and joint effu-
sion. The impairments from OA lead to activity limitations
and participations restrictions in a substantial number of
people with a significant social and financial impact as a result
of surgical and medical interventions.19
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BOX 11.3 Principles of Joint Protection 
and Energy Conservation88,123

■ Monitor activities and stop when discomfort or fatigue
begins to develop.

■ Use frequent but short episodes of exercise (three to five
sessions per day) rather than one long session.

■ Alternate activities to avoid fatigue.
■ Decrease level of activities or omit provoking activities if joint

pain develops and persists for more than 1 hour after activity.
■ Maintain a functional level of joint ROM and muscular

strength and endurance.
■ Balance work and rest to avoid muscular and total body

fatigue.
■ Increase rest during flares of the disease.
■ Avoid deforming positions.
■ Avoid prolonged static positioning; change positions during

the day every 20 to 30 minutes.
■ Use stronger and larger muscles and joints during activities

whenever possible.
■ Use appropriate adaptive equipment. 

Cystlike 
radiolucent
lesions

Loss of
articular cartilage
with joint space
narrowing

Osteophyte
formation at
joint margins

Sclerotic
subchondral
bone

FIGURE 11.4 Radiographic hallmarks of osteoarthritis. (From 
McKinnis, LN: Fundamentals of Musculoskeletal Imaging, ed. 4.
Philadelphia: F.A. Davis, 2014, p 60, with permission.) 

Although the etiology of OA is not known, mechanical in-
jury to the joint due to a major stress or repeated minor
stresses and poor movement of synovial fluid when the joint
is immobilized are possible causes. Rapid destruction of artic-
ular cartilage occurs with immobilization because the cartilage
is not being bathed by moving synovial fluid and is thus 
deprived of its nutritional supply.66,87

OA is also genetically related, especially in the hands and
hips and, to some degree, in the knees.42 Other risk factors
that show a direct relationship to OA are obesity, weakness of
the quadriceps muscles, joint impact, sports with repetitive
impact and twisting (e.g., soccer, baseball pitching, and foot-
ball), and occupational activities such as jobs that require
kneeling and squatting with heavy lifting.42

The perception of pain in OA is complex in that it is influ-
enced not only by local factors, but also activation of central
pain-producing pathways and psychological fear avoidance 
behaviors in some individuals.84,146

5850_Ch11_336-358  18/08/17  10:18 AM  Page 341



Characteristics of OA
■  With degeneration, there may be capsular laxity as a result

of bone remodeling and capsule distention, leading to hy-
permobility or instability in some ranges of joint motion.
With pain and decreased willingness to move, contractures
eventually develop in portions of the capsule and overlying
muscle, so as the disease progresses, motion becomes more
limited.42,68

■  The cartilage splits and thins out, losing its ability to with-
stand stress. As a result, crepitation or loose bodies may
occur in the joint. Eventually, subchondral bone becomes
exposed. There is increased density of the bone along the
joint line, with cystic bone loss and osteoporosis in the 
adjacent metaphysis. During the early stages, the joint is
usually asymptomatic because the cartilage is avascular and
aneural, but pain becomes constant in later stages.

■  Affected joints may become enlarged. Heberden’s nodes
(enlargement of the distal interphalangeal joints of the
fingers) and Bouchard’s nodes (enlargement of the proximal
interphalangeal joints) are common.

■  Most commonly involved are weight-bearing joints (hips
and knees), the cervical and lumbar spine, and the distal
interphalangeal joints of the fingers and carpometacarpal
joints of the thumbs (Figs. 11.5 and 11.6).

Principles of Management: OA
Pain, joint stiffness, decreased muscle performance, and de-
creased aerobic capacity affect the quality of life and increase
the risk for disability for the individual with OA.43 Therapeu-
tic exercise and manual therapy interventions are important
in the comprehensive management of OA.116 Management
guidelines are summarized in Box 11.4.

■  Patient instruction. Education includes teaching the patient
about the disease of OA, how to protect the joints while 
remaining active, and how to manage the symptoms. 
Instruct the patient in a home program of safe exercises to
improve muscle performance, ROM, and endurance.

■  Pain management—early stages. Pain and feelings of “stiff-
ness” are common complaints during the early stages. Pain
usually occurs because of excessive activity and stress on
the involved joint and is relieved with rest. Brief periods of
stiffness occur in the morning or after periods of inactivity.
This is due to gelling of the involved joints after periods of
inactivity.3 Movement relieves the stasis and feelings of
stiffness. Help the patient find a balance between activity
and rest and correct biomechanical stresses in order to pre-
vent, retard, or correct the mechanical limitations.

■  Pain management—late stages. During the late stages of the
disease, pain is often present at rest. The pain may be from
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AP weight-bearing bilateral kneesAP weight-bearing bilateral knees

FIGURE 11.5 Osteoarthritis of the knees in a 66-year-old woman.
This film was made with the patient weight-bearing. At the patient’s
right knee, osteoarthritis is evidenced by narrowed joint space (white
arrows), osteophyte formation at the joint margins (large white ar-
rowhead), and sclerotic subchondral bone (small black arrowheads)
of both the medial and lateral tibial plateaus. At the patient’s left knee,
it is interesting to note that in the area of minimal weight-bearing
stress, the subchondral bone has lost density, and rarefaction is
present on the medial aspect of the joint. (From McKinnis, LN: Funda-
mentals of Musculoskeletal Imaging, ed. 4. Philadelphia: F.A. Davis,
2014, p 60, with permission.) 

AP hipAP hip

FIGURE 11.6 Severe osteoarthritis of the hip with pseudocysts. 
The radiolucent cyst-like areas (ovals) are caused by intrusion 
of synovial fluid into areas of subchondral bone that have become
weakened by microfractures. (From McKinnis, LN: Fundamentals of
Musculoskeletal Imaging, ed. 4. Philadelphia: F.A. Davis, 2014, p 61,
with permission.)
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involvement of subchondral bone, synovium, and the joint
capsule with local inflammatory and molecular stimuli or
from psychological or neurophysiological influences.84,146

In the spine, if bony growth encroaches on the nerve root,
there may be radicular pain (see Chapter 15). Emphasize 
activity modification and use of assistive devices and/or 
orthoses to minimize joint stress. Pain that cannot be man-
aged with activity modification (as described in the follow-
ing bullet) and analgesics is usually an indication for surgical
intervention.

■   Assistive and supportive devices and activity. With progres-
sion of the disease, the bony remodeling, swelling, and con-
tractures alter the transmission of forces through the joint,
which further perpetuates the deforming forces and creates
joint deformity. Functional activities become more difficult.
Adaptive or assistive devices, such as a raised toilet seat,
cane, or walker, may be needed to decrease painful stresses
and maintain function. Shock-absorbing footwear may de-
crease the stresses in OA of the knees.42 Aquatic therapy and

group-based exercise in water decreases pain and improves
physical function in patients with lower extremity OA.36,154

■  Resistance exercise. Progressive weakening in the muscle 
occurs either from inactivity or from inhibition of the neu-
ronal pools. Weak muscles may add to the joint dysfunc-
tion.3 Strong muscles protect the joint. Use resistance
exercises, within the tolerance of the joint, as part of the
patient’s exercise program. Avoid deforming forces and
heavy weights that the patient cannot control or that cause
joint pain. Adaptations include the use of multiple-angle
isometrics in pain-free positions, applying resistance only
through arcs of motion that are not painful, and use of a
pool to decrease weight-bearing stresses and improve func-
tional performance.52

■  Stretching and joint mobilization. Use stretching and joint
mobilization techniques to increase mobility. Teach the
patient self-stretching/flexibility exercises and the impor-
tance of movement through the full available ROM to
counteract the developing restrictions.
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BOX 11.4 MANAGEMENT GUIDELINES—
Osteoarthritis

Impairments, Activity Limitations, and Participation Restrictions:
Pain with mechanical stress or excessive activity

Pain at rest in the advanced stages

Stiffness after inactivity

Limitation of motion

Muscle weakness

Decreased proprioception and balance

Functional limitations in ADLs and IADLs

Plan of Care Intervention

1. Educate the patient.

2. Decrease effects of stiffness.

3. Decrease pain from 
mechanical stress and 
prevent deforming forces.

4. Increase ROM.

5. Improve neuromuscular control, 
strength, and muscle endurance.

6. Improve balance.

7. Improve physical conditioning.

PRECAUTIONS: When strengthening supporting muscles, increased pain in the joint during or following resistive exer-
cises probably means that too great a weight is being used or stress is being placed at an inappropriate part of the ROM.
Analyze the joint mechanics and at what point during the range the greatest compressive forces are occurring. Maximum
resistance exercise should not be performed through that ROM.

1. Teach about deforming forces and prevention.
   Teach home exercise program to reinforce interventions and minimize

symptoms.

2. Active ROM
   Joint-play mobilization techniques

3. Orthoses and/or assistive equipment to minimize stress or to correct
faulty biomechanics, strengthen supporting muscles.

   Alternate activity with periods of rest.

4. Stretch muscle, joint, or soft tissue restrictions with specific techniques.

5. Low-intensity resistance exercises and muscle repetitions.

6. Balance training activities.

7. Nonimpact or low-impact aerobic exercise.
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 FOCUS ON EVIDENCE
In a single-blind, randomized clinical trial of 109 patients with
OA of the hip, specific manipulations and mobilizations of the
hip joint were reported to have a greater success rate than active
exercise for improving muscle function and joint motion. Out-
comes measured were perceived improvement after treatment
(81% vs. 50%), pain, stiffness, hip function, and ROM.69

■  Balance activities. Joint position sense may be impaired.155

(See Chapter 8 for principles and description of balance
exercises.) Nontraditional forms of exercise, such as tai chi,
have been found to be effective for improving balance in
patients with OA.147

■  Aerobic conditioning. Instruct the patient in exercises de-
signed to improve cardiopulmonary function.17 It is also
proposed that aerobic exercise be used to improve pain and
treat underlying depression and anxiety that may be comor-
bidities in OA.120,146 The choice of exercise should have low
impact on the joints, such as walking, biking, or swimming.
Avoid activities that cause repetitive intensive loading of
the joints, such as jogging and jumping.

 FOCUS ON EVIDENCE
The CPGs for Therapeutic Exercises and Manual Therapy
in the Management of Osteoarthritis, which is based on a
systematic review of randomized controlled and observa-
tional studies, highlight the importance of therapeutic exer-
cise and physical activity to increase strength, manage pain,
and improve aerobic capacity and functional status in patients
with OA.19

The CPGs for the Management of Osteoarthritis in
Adults Who Are Obese or Overweight identified that diet
programs combined with physical activity (both aquatic and
land-based exercises that include endurance, strength, ROM,
and aerobic training) are more beneficial showing improved
clinical outcomes of pain relief, improved strength, func-
tional status, and quality than physical activity alone or diet
alone and therefore recommends that physical therapists
work with an interdisciplinary team that includes dietitians
when treating this population.20

Two systematic reviews of studies designed to examine 
evidence of the effects of exercise in the management of hip
and knee OA describe support for aerobic exercise and
strengthening exercises to reduce pain and disability.127,128 The
consensus of expert opinion cited by Roddy123 is that there are
few contraindications and that exercise is relatively safe in 
patients with OA but that exercise should be individualized
and patient-centered with consideration for age, comorbidity,
and general mobility.

A systematic review of 15 randomized controlled trials that
looked at therapies to improve balance and reduce falls in older
individuals with OA of the knee concluded that strength train-
ing, tai chi, and aerobic exercises improved balance and reduced

the risk of falls in this population and that balance outcomes
were not significantly improved with water-based exercises.99

In another study that followed 285 patients with knee OA
for 3 years, investigators found that factors that protected the
individuals from poor functional outcomes included strength
and activity level, as well as factors such as mental health, 
self-efficacy, and social support.138

Fibromyalgia and Myofascial
Pain Syndrome

Fibromyalgia (FM) and myofascial pain syndrome (MPS) are
chronic pain syndromes that are often confused and inter-
changed. Each has a distinct proposed etiology. Individuals with
FM process nociceptive signals differently from individuals
without FM,131,148 and individuals with MPS have localized
changes in the muscle.45,56,57,137,141,148 Although there are some
similarities, the differences are significant and determine the
method of treatment. They are summarized in Table 11.2.

Fibromyalgia
FM, as defined by the American College of Rheumatology in
1990,158 is a chronic condition characterized by widespread
pain that affects multiple body regions (right or left side,
upper or lower half of the person) plus the axial skeleton and
that has lasted for more than 3 months. Additional symptoms
include 11 of 18 tender points at specific sites throughout the
body (Fig. 11.7), nonrestorative sleep, and morning stiffness.
A final common problem is fatigue with subsequent dimin-
ished exercise tolerance.
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TABLE 11.2 Similarities and Differences Between
Fibromyalgia and Myofascial Pain
Syndrome

Similarities

Pain in muscles
Decreased ROM
Postural stresses

Differences

Fibromyalgia Myofascial Pain Syndrome

Tender points at 
specific cites

No referred patterns 
of pain

No tight band of muscle

Fatigue and waking 
unrefreshed

Trigger points in muscle

Referred patterns of pain

Tight band of muscle

No related fatigue complaints
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 FOCUS ON EVIDENCE
In 2010, Wolfe and associates157 developed preliminary 
diagnostic criteria to complement the ACR-specific criteria,
including the measurement of symptom severity. The authors
recommend the following: widespread pain index (WPI) ≥ 7
and symptom severity (SS) scale ≥ 5, OR WPI 3 to 6 and
SS ≥ 9. These criteria correctly classified 88.1% of individu-
als with FM determined from the ACR classification without
tender point palpation. The SS scale includes items such 
as somatic symptoms, not feeling refreshed after sleeping,
fatigue, and cognition.

Prevalence of FM
It is estimated that 2% of the population—nearly 5 million
adults 18 years old or older—have FM, with women affected
far more than men (3.4% to 0.5%). In addition, the prevalence
increases with age, with 7.4% of women ages 70 to 79 affected.86

While women have also been shown to have greater pain in-
tensity, men report a longer duration of symptoms of FM.30

Characteristics of FM
The characteristics of FM include the following:148

■  The first symptoms of FM can occur at any age but usually
appear during early to middle adulthood.

■  For many of those diagnosed, the symptoms develop after
physical trauma such as a motor vehicle accident or a viral
infection.

■  Although the symptoms vary from individual to individual,
there are several hallmark complaints. Pain is usually de-
scribed as muscular in origin and is predominantly reported
in the scapula, head, neck, chest, and low back.

■  Another common report is a significant fluctuation in
symptoms. Some days an individual may be pain free,
whereas other days the pain is markedly increased. Most
individuals report that when they are in a cycle in which
the symptoms are diminished, they try to do as much as
possible. This is usually followed by several days of wors-
ening symptoms and an inability to carry out their nor-
mal daily activities. This is often the response to exercise.

■  Individuals with FM have a higher incidence of tendonitis,
headaches, irritable bowel, temporal mandibular joint dys-
function, restless leg syndrome, mitral valve prolapse, anxiety,
depression, and memory problems.

Factors Contributing to a Flare
Although FM is a noninflammatory, nondegenerative, non-
progressive disorder, several factors may affect the severity of
symptoms. These factors include environmental stresses,
physical stresses, and emotional stresses. FM is not caused by
these various stresses, but it is aggravated by them.

■  Environmental stresses include weather changes, especially
significant changes in barometric pressure, cold, dampness,
fog, and rain. 

■  Physical stresses include repetitive activities, such as typing,
playing piano, vacuuming; prolonged periods of sitting
and/or standing; and working rotating shifts.

■  Emotional stresses are any normal life stresses.

Principles of Management: FM
Individuals with FM typically have lower tolerance for ac-
tivities and exercise. People often report “good” and “bad”
days in which they have more or less energy, respectively.
Learning to pace activities throughout the day so as to not
push too hard or too little is an important component of
the intervention plan. 

CLINICAL TIP
The Fibromyalgia Impact Questionnaire (FIQ), originally 
developed in 1991,24 includes 10 items that assess the patient’s
overall function status. A higher score is correlated with lower
function. It has been used in many studies to report
progress90, 96,152 and predict successful outcomes.121,152 The
FIQ has been modified in 1997, 2002, and 2009 and has been
shown to be valid and reliable. The minimal clinically impor-
tant difference has been estimated to be 14%. 

■  Exercise. Research supports the use of exercise, particularly
aerobic exercise, to reduce the most common symptoms
associated with FM.21,22,25,26,41,95
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FIGURE 11.7 Fibromyalgia tender points.
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 FOCUS ON EVIDENCE
The CPGs for Aerobic Fitness Exercises in the Management
of Fibromyalgia: Part 121 and the CPGs for Strengthening
Exercises in the Management of Fibromyalgia: Part 222 show
emerging evidence that aerobic fitness and strengthening 
exercises are beneficial in the overall management of FM for
pain relief, muscle strength, quality of life, self-efficacy, and
decreased depression and that progressive strengthening pro-
grams do not cause an exacerbation of exercise-induced FM
symptoms. The guidelines also recommend individualized
programs with multiple treatment regimens be used due to
the variability in FM symptoms.22

An updated evidence report from the Cochrane Collab-
orative27 summarized the findings of five randomized trials
related to FM and exercise. The reviewers concluded that
while moderate-intensity and moderate- to high-intensity
resistance training can improve function, pain, strength,
and tenderness in people with FM, an 8-week aerobic pro-
gram has even better outcomes. Furthermore, the authors
reported that a 12-week low-intensity exercise program 
was superior to flexibility training for improving pain and
function. 

While these findings are supported elsewhere in the liter-
ature,28 some evidence suggests aerobic activity is suffi-
cient.62,76,78 In a randomized controlled trial, 199 participants
with FM tracked their daily steps. It was determined that
people averaging at least 5,000 steps each day had better
functional outcomes after 12 weeks as compared with those
individuals with less than 5,000 steps a day.78 Still other re-
search promotes a combination of strength and flexibility
training for improved functional outcomes and decreased
pain.55,58,71,82,134,135

■  Additional interventions64

■ Prescription medication
■ Over-the-counter medication
■ Instruction in pacing activities, in an attempt to avoid

fluctuations in symptoms
■ Cognitive behavior therapy
■ Avoidance of stress factors
■ Decreasing alcohol and caffeine consumption
■ Diet modification
■ Manual therapy29,160

CLINICAL TIP
When beginning any type of exercise with individuals with FM,
it is best to begin at lower levels than recommended by the
American College of Sports Medicine5 for aerobic and strength-
ening and to slowly increase the activity. If the exercise leads to
an increase in FM symptoms, reduce the intensity, while encour-
aging continued participation in the exercise.21,22,25,70 

Myofascial Pain Syndrome
Myofascial pain syndrome (MPS) is defined as a chronic,
regional pain syndrome.56,141 The hallmark classification of
MPS comprises the myofascial trigger points (MTrPs) in 
a muscle that have a specific referred pattern of pain 
(Fig. 11.8), along with sensory, motor, and autonomic
symptoms.40,45,56,142,143

The trigger point is defined as a hyperirritable area in a
tight band of muscle.45,48,49,56,74 The pain from these points is
described as dull, aching, and deep. 

Possible Causes of Trigger Points
Although the etiology of trigger points is not completely 
understood, some potential causes are:56,141-143

■  Chronic overload of the muscle that occurs with repetitive
activities or that maintain the muscle in a shortened 
position.

■  Acute overload of muscle, such as slipping and catching
oneself, picking up an object that has an unexpected
weight, or following trauma such as in a motor vehicle 
accident.

■  Poorly conditioned muscles compared to muscles that are
exercised on a regular basis.
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TrP2

TrP1

FIGURE 11.8 Composite pattern of pain (dark red) referred from
trigger points (TrPs) (Xs) in the right piriformis muscle (medium red).
The lateral X (TrP1) indicates the most common TrP location. The red
stippling locates the spillover part of the pattern that may be felt as
less intense pain than that of the essential pattern (solid red). The
spillover pain may be absent. (From Travell, JG, Simmons, DG:
Myofascial Pain and Dysfunction: The Trigger Point Manual: The
Lower Extremities, Vol 2. Baltimore: Williams & Wilkins, 1992, p 188,
with permission.)
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■  Postural stresses such as sitting for prolonged periods of
time, especially if the workstation is not ergonomically 
correct, and leg length differences.

■  Poor body mechanics with lifting and other activities.

 FOCUS ON EVIDENCE
Recently researchers have looked at the contribution of MTrPs
as a contributing factor in chronic headaches,133 tension type
headaches,46,47 mechanical neck pain,31,44,122,161 and shoulder
disorders.31,67,92,133 Additionally, Iglesias-Gonzalez and asso-
ciates74 compared active and latent trigger points (LTrPs) in
participants with non-specific low back pain. The authors re-
ported direct correlation with increased number of trigger
points and high pain intensity (p < 0.001) and worse quality
of sleep (p = 0.03). 

Lucas and associates91 investigated the muscle activation pat-
tern (MAP) of scapular muscles during arm elevation in pain-
free individuals without trigger points and pain-free individuals
with LTrPs. The LTrP group had a significant difference in MAP
(p < 0.05). These individuals were then treated with either a
placebo or active intervention to deactivate the trigger point,
and the MAP was reassessed. There was a significant difference
(p < 0.05) in MAP after deactivation of the LTrPs.

Principles of Management: Myofascial Pain
Syndrome
Pain from trigger points is described as dull, aching, and deep.
Additional impairments from the trigger points include de-
creased ROM when the muscle is being stretched, decreased
strength in the muscle, and increased pain with muscle
stretching. The trigger points may be active (producing a clas-
sic pain pattern) or latent (asymptomatic unless palpated).

Treatment consists of three main components:1,16,45,80,94,

141-143,150 

■  Correct chronic overload. Correct contributing factors that
cause chronic overload of the muscle, such as faulty pos-
ture, repetitive activity, or poor lifting techniques. The cor-
rection is often done with education including stressing the
importance of taking intermittent mini-breaks. If indi-
cated, an ergonomic assessment of the work environment
is performed. 

■  Eliminate the trigger point. Several techniques are used to
eliminate trigger points
■ Contract-relax-passive stretch done repeatedly until the

muscle lengthens
■ Contract-relax-active stretch also done in repetition
■ Trigger point release
■ Spray and stretch
■ Modalities
■ Dry needling or injection

■  Strengthen muscle. Exercise prescription, using a muscle
endurance protocol, is typically indicated for core and

scapular stabilizing muscle groups to improve overall
muscle performance. 

 FOCUS ON EVIDENCE
Dry needling (DN) has been shown to be a low-risk interven-
tion that can decrease pain severity and pain pressure thresh-
old as well as improve functional outcomes in people with
MTrPs.16,83,125,149,161 In a recent randomized controlled trial,
Ziaeifar and associates found that DN significantly decreased
pain intensity when compared with trigger point compression
technique of the upper trapezius.161 Additionally, a meta-
analysis showed both an immediate and 4 week follow-up im-
provement in pain in the cervicothoracic region when using
DN as the intervention.83

CLINICAL TIP
If the cause of the trigger point in myofascial pain syndrome
is a chronic overload of the muscle, eliminate the contributing
factor prior to addressing the trigger point. Initiate muscle
strengthening when ROM is restored and the trigger point
has been addressed.

Osteoporosis

Osteoporosis is a disease of bone that leads to decreased
mineral content and weakening of the bone. This weaken-
ing may lead to fractures, especially of the spine, hip, and
wrist. Approximately 10 million Americans have osteoporo-
sis, 80% of them women, and an additional 34 million in-
dividuals are at increased risk due to decreased bone
mass.109 The diagnosis of osteoporosis is determined by the
T-score of a bone mineral density (BMD) scan. The T-score
is the number of standard deviations above or below a ref-
erence value (young, healthy Caucasian women). The
World Health Organization has established the following
criteria:110,151

■  Normal: –1.0 or higher
■  Osteopenia: –1.0 to –2.4
■  Osteoporosis: –2.5 or less

A decrease of 1 standard deviation represents a 10% to
12% loss of BMD.

Risk Factors
Primary osteoporosis. Risk factors for developing primary
osteoporosis include being postmenopausal, Caucasian or
Asian descent, family history, low body weight, little or no
physical activity, diet low in calcium and vitamin D, and
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smoking.51,59,111 Additional risk factors include prolonged bed
rest and advanced age. (Refer to Chapter 24 for additional 
information on osteoporosis in the older population.)

Secondary osteoporosis. Secondary osteoporosis develops
owing to other medical conditions (i.e., gastrointestinal dis-
eases, hyperthyroidism, chronic renal failure, and excessive
alcohol consumption) and the use of certain medications
such as glucocorticoids.51,112,151 Regardless of etiology, osteo-
porosis is detected radiographically by cortical thinning, os-
teopenia (increased bone radiolucency), trabecular changes,
and fractures (Figs. 11.9 and 11.10).102

Prevention of Osteoporosis
The National Osteoporosis Foundation (NOF) recommends
four ways to prevent osteoporosis.113

■  Eating foods that are good for bone health, such as fruits
and vegetables

■  Maintaining a balanced diet that is rich in calcium and 
vitamin D

■  Performing regular weight-bearing exercise
■  Following a healthy lifestyle with moderate alcohol con-

sumption (limit 2-3 drinks per day) and no smoking

Bone is living tissue that is continually replacing itself in
response to the daily demands placed on it. Normally, this
continual replacement keeps our bone at its optimum strength.
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Lateral thoracic spineLateral thoracic spine

FIGURE 11.9 Osteoporosis of the spine with multiple compression
fractures. The arrow points to the T8-T9 disc space, which is de-
formed by the collapse of these two vertebrae from multiple com-
pression fractures. This 94-year-old woman has severe kyphosis of
the thoracic spine (also known as a gibbous deformity) accentuated
by vertebral collapse at multiple levels. The whitish area of the lower
half of this lateral radiograph is the combined radiodensities of the
pelvis and the abdominal organs. (From McKinnis, LN: Fundamentals
of Musculoskeletal Imaging, ed. 4. Philadelphia: F.A. Davis, 2014, p 63,
with permission.)

AP kneeAP knee

FIGURE 11.10 Osteoporosis is evident in this knee by the accentu-
ation of the remaining trabeculae. The trabeculae have diminished 
in number and thickness, and the remaining vertically oriented tra-
beculae stand out as thin, delicate line images. (From McKinnis, LN:
Fundamentals of Musculoskeletal Imaging, ed. 4. Philadelphia: 
F.A. Davis, 2014, p 63, with permission.)
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Cells in bone called osteoclasts resorb bone, especially if calcium
is needed for particular body functions and not enough is ob-
tained in the diet. Another type of cell, the osteoblast, builds
bone. This cycle is usually kept in balance with bone resorption
equaling bone replacement until the third decade of life. At this
point, peak bone mass should be reached. With increasing age,
there is a shift to greater resorption. For women, resorption is
accelerated during menopause owing to the decrease in estro-
gen.114,116,117,151 Both exercise and pharmacological therapy have
been shown to be effective in the prevention of decreased bone
mass density.54,72,89 Bleicher et al11 tracked the bone density of
1,100 men, aged 70 to 97 years, for 2 years. They concluded that
walking, improved balance, and the use of beta blockers were
found to retard the bone absorption process. 

Physical Activity
Physical activity has been shown to have a positive effect on
bone remodeling. In children and adolescents, this activity
may increase the peak bone mass. In adults, it has been shown
to maintain or increase bone density; in the elderly, it has been
shown to reduce the effects of age-related or disuse-related
bone loss.51,115 Maintenance of, or an increase in, bone density
is important for preventing fractures associated with osteo-
porosis. Weak bones due to osteoporosis have been attributed
to causing more than 1.5 million fractures per year at a cost
of $19 billion dollars. Many of these individuals never return
to their previous functional level.151

Effects of Exercise
Muscle contraction (e.g., strengthening exercises and resist-
ance training) and mechanical loading (weight bearing) de-
form bone. This deformation stimulates osteoblastic activity
and improves BMD.144

 FOCUS ON EVIDENCE
Martyn-St James and Carroll98 completed a meta-analysis of
prescribed walking programs on BMD at the hip and spine in
postmenopausal women. Results reported no increase in BMD
at the spine, but a significant increase at the femoral neck.

Huntoon, Schmidt, and Sinaki73 completed a retrospec-
tive analysis of medical records comparing the refracture
rate following vertebral compression fractures in patients
instructed in a back extension program following percuta-
neous vertebroplasty to those who did not perform the ex-
ercises. The nonexercise group refractured within an average
of 4.5 months, whereas the exercise group average time to
refracture was 20.4 months.

An evidence report from the Cochrane Collaborative14

summarized the findings of 18 randomized trials related to
exercise and osteoporosis in women. The reviewers concluded
that exercise, particularly fast walking, was effective on the
BMD of the spine and hip. Resistance and weight-bearing ex-
ercises were also beneficial on the BMD of the spine.

In a meta-analysis, it was concluded that lower extremity
exercises decreased bone loss in postmenopausal women.
Those participants that exercised for either longer duration

(12 months) or early postmenopause showed the most 
significant changes.126

Recommendations for Exercise
The NOF recommends weight-bearing exercise in the 
prevention of osteoporosis but does not specify what type
of exercise or how often it should be done. Based on current
research, the following recommendations are made.*

■  Weight-bearing exercise, such as walking, jogging, climbing
stairs, and jumping

■  Nonweight-bearing exercise, such as with a bicycle ergometer
■  Resistance (strength) training of 8 to 10 exercises that target

major muscle groups

Mode: Aerobic
Frequency. Five or more days per week.

Intensity. Thirty minutes of moderate intensity (fast walking)
or 20 minutes of vigorous intensity (running). Doing three
short bouts per day of 10 minutes of activity is acceptable.

Mode: Resistance
Frequency. Two to three days per week with a day of rest in
between each bout of exercise.

Intensity. Eight to 12 repetitions that lead to muscle fatigue.

 FOCUS ON EVIDENCE
Weighted vests or backpacks have been shown to improve
bone mass density.129,156 The increased weight has been shown
to alter the spinal muscle imbalance and focus more weight
bearing to the osseous structures of the spine.156 If there is a
history of vertebral fracture, recommendations are that up to
1 kg can be carried on the back or up to 2 kg on the front.156

A study by Roghani et al125 followed three groups of women
for 6 weeks that exercised 3 times per week. The groups in-
cluded a control population and two exercise groups; one
with and one without a weighted vest (4%-8% of body
weight). It was reported that while both exercise groups had
increased bone synthesis and decreased bone resorption, the
weighted exercise group also demonstrated improved bal-
ance.(See Fig 24.10A & B for pictures of a weighted vest.)

Precautions and Contraindications
■  Because osteoporosis changes the shape of the vertebral

bodies (they become more wedge shaped), leading to
kyphosis, flexion activities and exercise, such as supine
curl-ups and sit-ups, as well as the use of sitting abdominal
machines, should be avoided. Stress into spinal flexion in-
creases the risk of a vertebral compression fracture.
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*8,9,12,13,14,14,32,33,50,51,53,60,63,73,77,81,85,98,103,107,108,115,118,
119,130,139,145,151
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■  Avoid combining flexion and rotation of the trunk to re-
duce stress on the vertebrae and the intervertebral discs. 

■  When performing resistance exercise, it is important to in-
crease the intensity progressively but within the structural
capacity of the bone.

NOTE: Refer to Chapter 6 for a discussion of pathological frac-
tures and precautions that should be taken during resistance
exercise, identified in Box 6.14.

CLINICAL TIP
Utilizing a multimodal program of weight-bearing exercise,
balance activities, and strengthening may help reduce the risk
of falls and subsequent hip fractures in individuals with osteo-
porosis.39,106,141 Walking has good cardiopulmonary benefits,
but an exercise program that involves only walking does not

appear to have a significant effect on increasing bone density
in people that have been diagnosed with osteoporosis.93,157

Fractures and Posttraumatic
Immobilization

A fracture is a structural break in the continuity of a bone, an
epiphyseal plate, or a cartilaginous joint surface.132 When there
is a fracture, some degree of injury also occurs to the soft tis-
sues surrounding the bone. Depending on the site of the frac-
ture, the related soft tissue injury could be serious if a major
artery or peripheral nerve is also involved. If the fracture is
more central, the brain, spinal cord, or viscera could be involved.
Causes and types of fractures are summarized in Table 11.3 and
are illustrated in Figures 11.11, 11.12, and 11.13.
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Nondisplaced Medial 
displacement

Lateral
displacement

Distracted
Overriding with 
posterior and 

superior displacement

Distracted and 
rotated laterally

A B C D E F

FIGURE 11.11 (A–F) The position of fracture fragments may be described by how the distal fragment displaces in relationship to the proximal
fragment. (From McKinnis, LN: Fundamentals of Musculoskeletal Imaging, ed. 4. Philadelphia: F.A. Davis, 2014, p 82, with permission.)

TABLE 11.3 Causes and Types of Fractures132

Force Effect on Bone Type of Fracture

Bending (angulatory)

Twisting (torsional)

Straight pulling (traction)

Crushing (compression)

Repetitive microtrauma

Normal force on 
abnormal bone

Long bone bends causing failure on convex
side of bend

Spiral tension failure in long bone

Tension failure from pull of ligament or muscle

Usually in cancellous bone

Small crack in bone unaccustomed to the
repetitive/rhythmic stress

Such as with osteoporosis, bony tumor, or
other diseased bone

Transverse or oblique fracture; Greenstick
fracture in children

Spiral fracture

Avulsion fracture

Compression fracture; Torus (buckle)
fracture in children

Fatigue fracture or stress fracture

Pathological fracture
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A fracture is identified by:132

■  Site: diaphyseal, metaphyseal, epiphyseal, intra-articular
■  Extent: complete, incomplete
■  Configuration: transverse, oblique or spiral, comminuted

(two or more fragments)
■  Relationship of the fragments: undisplaced, displaced
■  Relationship to the environment: closed (skin intact), open

(fracture or object penetrated the skin)
■  Complications: local or systemic; related to the injury or to

the treatment

The diagnosis, reduction, alignment, and immobilization
for healing of a fracture are medical procedures and are not
discussed in this text. There are times, though, when the ther-
apist provides the initial screening following a traumatic event
or examines a patient following repetitive microtrauma;
moreover, a patient may sustain an injury while at a therapy
session. Hence, the therapist must be aware of symptoms and
signs of a potential fracture. If a fracture is suspected, refer
the patient for radiographic examination, medical diagnosis,
and management. Box 11.5 summarizes the typical symptoms
and signs of a possible fracture.

Risk Factors
Risk factors for fracture include:66

■  Sudden impact (e.g., trauma, accidents, abuse, or assault)
■  Osteoporosis (women more than men)
■  History of falls (especially with increased age, low body

mass index, and low levels of physical activity)
■  Repetitive stress (repeated microtrauma)
■  Pathology (abnormal fragile bone from neoplastic, poor

health, or disease conditions)

(See Chapter 24 for additional information on risk factors
in the older population.)

Bone Healing Following a Fracture
Fracture healing has (1) an inflammatory phase in which there
is hematoma formation and cellular proliferation, (2) a repar-
ative phase in which there is callous formation uniting the
breach and ossification, and (3) a remodeling phase in which
there is consolidation and remodeling of the bone.87

Cortical Bone Healing

Inflammatory Phase
When the dense cortical bone of the shaft of a long bone is
fractured, the tiny blood vessels are torn at the site, resulting
in internal bleeding followed by normal clotting. The amount
of bleeding depends on the degree of fracture displacement
and amount of soft tissue injury in the region.
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A  B                       C                          D
Transverse Longitudinal Oblique Spiral

FIGURE 11.12 (A–D) Directions of fracture lines are described in
reference to the longitudinal axis of the bone. (From McKinnis, LN:
Fundamentals of Musculoskeletal Imaging, ed. 4. Philadelphia: 
F.A. Davis, 2014, p 83, with permission.) 

A B C

FIGURE 11.13 Comminuted fractures are fractures with more
than two fragments. Some frequently occurring comminuted frac-
ture patterns are (A) the wedge-shaped or butterfly pattern and
(B) a two- or three-segmented level fracture. (C) Other fractures
with multiple fragments, be it several or several hundred, are still
described as comminuted. (From McKinnis, LN: Fundamentals of
Musculoskeletal Imaging, ed. 4. Philadelphia: F.A. Davis, 2014, p 83,
with permission.)

BOX 11.5 Symptoms and Signs of a Possible
Fracture

The following should alert the therapist to a possible
fracture.

■ History of a fall, direct blow, twisting injury, or accident
■ Localized pain aggravated by movement and on weight

bearing
■ Muscle guarding with passive movement
■ Decreased functional use of the part
■ Swelling, deformity, or abnormal movement (may or may

not be obvious)
■ Sharp, localized tenderness at the site
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Reparative Phase
The early stages of healing take place in the hematoma. 
Osteogenic cells proliferate from the periosteum and endos-
teum to form a thick callus, which envelopes the fracture site.
At this stage, the callus does not contain bone and is therefore
radiolucent.

As the callus starts to mature, the osteogenic cells differen-
tiate into osteoblasts and chondroblasts. Initially, the chondrob-
lasts form cartilage near the fracture site, and the osteoblasts
form primary woven bone.

Remodeling Phase
■  Stage of clinical union. When the fracture site is firm

enough that it no longer moves, it is clinically united. This
occurs when the temporary callus consisting of the primary
woven bone and cartilage surrounds the fracture site. The
callus gradually hardens as the cartilage ossifies (endochon-
dral ossification). On radiographic examination, the frac-
ture line is still apparent, but there is evidence of bone in
the callus. Usually at this stage, immobilization is no longer
required. Movement of the related joints is allowed with
the caution of avoiding deforming forces at the site of the
healing fracture. When assessing the site, no movement of
the fracture site or pain should be felt by the patient or
therapist.

■  Stage of radiological union. The bone is considered radi-
ographically healed, or consolidated, when the temporary
callus has been replaced by mature lamellar bone. The 
callus is resorbed, and the bone returns to normal.

Rigid Internal Fixation
Sometimes it is necessary to surgically apply an internal fixa-
tion device, such as a rod or a plate with screws, to protect a
healing bone. This allows the bone to be kept stable as it heals,
but disuse osteoporosis of the bone under the device occurs
because normal stresses are transmitted through the device
and bypass the bone. Usually the fixation device is removed
once the fracture is united in order to reverse the osteoporosis.
Following removal of the rod or plate, the bone must be 
protected from excessive stress for several months until the
osteoporosis is reversed.

Healing Time
Healing time varies with age of the patient, the location and
type of fracture, whether it was displaced, whether surgical
repair was needed, amount of soft tissue injury, and the blood
supply to the fragments. Healing is assessed by the physician
using radiological and clinical examinations. The prognosis
for healing is influenced by many factors including health of
the individual, age, and use of tobacco. Generally, children
heal within 4 to 6 weeks, adolescents within 6 to 8 weeks, and
adults within 10 to 18 weeks.66 Several types of abnormal
healing may occur. These are summarized in Box 11.6. 

Cancellous Bone Healing
When the sponge-like lattice of the trabeculae of cancellous
bone fractures (in the metaphysis of long bones and bodies
of short bones and flat bones), healing occurs primarily

through formation of an internal callus (endosteal callus).
There is a rich blood supply and a large area of bony contact,
so union is more rapid than in dense cortical bone.

Cancellous bone is more susceptible to compression forces,
resulting in crush or compression fractures. If the surfaces of
the fracture are pulled apart, which may occur during reduc-
tion of the fracture, healing is delayed.

Epiphyseal Plate Healing
If a fracture involves the epiphyseal plate, there may be growth
disturbances and bony deformity as the skeleton continues to
mature. The prognosis for growth disturbances depends on the
type of injury, age of the child, blood supply to the epiphysis,
method of reduction, and whether it is a closed or open injury.

Principles of Management: Period 
of Immobilization
Local Tissue Response
With immobilization, there is connective tissue weakening,
articular cartilage degeneration, muscle atrophy, and contrac-
ture development as well as sluggish circulation.37,66,101 In ad-
dition, there is soft tissue injury with bleeding and scar
formation.132 Because immobilization is necessary for bone
healing, the soft tissue scar cannot become organized along
lines of stress as it develops (described in Chapter 10). Early,
nondestructive motion within the tolerance of the fracture
site is ideal but usually not feasible unless there is some type
of internal fixation to stabilize the fracture site. It is important
to keep structures in the related area in a state as near normal
as possible by using appropriate exercises without jeopardiz-
ing alignment of the fracture site while it is healing. The ther-
apist must be alert to complications that can occur following
a fracture (summarized in Box 11.7).

Immobilization in Bed
If bed rest or immobilization in bed is required, as with skeletal
traction, secondary physiological changes occur systematically
throughout the body. General exercises for the uninvolved
portions of the body are initiated to minimize these problems.

Functional Adaptations
If there is a lower extremity fracture, alternative modes of am-
bulation, such as the use of crutches or a walker, are taught
to the patient who is allowed out of bed. The choice of device
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BOX 11.6 Types of Abnormal Healing 
of Fractures66

Malunion: The fracture heals in an unsatisfactory position
resulting in a bony deformity.

Delayed union: The fracture takes longer than normal to heal.
Nonunion: The fracture fails to unite with a bony union. There

may be a fibrous union or a pseudarthrosis.
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and gait pattern depends on the fracture site, the type of im-
mobilization, and the functional capabilities of the patient.
The patient’s physician should be consulted to determine the
amount of weight bearing allowed. Management guidelines
are summarized in Box 11.8.

Postimmobilization
Impairments

■  Decreased ROM, joint play, and muscle flexibility.
■  Muscle atrophy with weakness and poor muscle endurance.

■  Initially, the patient experiences pain as movement begins,
but it should progressively decrease as joint movement,
muscle strength, and ROM improve.

■  If there was soft tissue damage at the time of the fracture,
an inelastic scar restricts tissue mobility in the region of
the scar.

Management: Postimmobilization
Management guidelines are summarized in Box 11.9.

Consultation with the referring physician is necessary to
determine if there is clinical or radiological healing. Until the
fracture site is radiologically healed, care should be used any
time stress is placed across the fracture site, such as when ap-
plying resistance or a stretch force or during weight-bearing
activities. Once radiologically healed, the bone has normal
structural integrity and can withstand normal stress.

The patient is examined to identify impairments and de-
termine the current functional status, activity level, and desired
outcome. ROM, joint mobility, and muscle performance, as
well as any other impairments, are measured and documented.
Usually all of the joint and periarticular tissues are affected in
the region that was immobilized.

Typical interventions include:

■  Joint mobilization. Joint mobilization techniques are effec-
tive for regaining lost joint play without traumatizing the 
articular cartilage or stressing the fracture site.79 Intervention
begins with grade I and II techniques and progresses to more
aggressive grades as joint reaction becomes predictable and
progresses in intensity as joint reaction becomes predictable.
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BOX 11.7 Complications of Fractures66

■ Swelling that is contained within a compartment (fascial
compartment or tight cast) leading to nerve and circulatory
compromise.

■ Fat embolism (may occur with fracture in bones with the
most marrow, such as long bones and the pelvis) that
migrates to the lungs and blocks pulmonary vessels. This 
is potentially life-threatening.

■ Skin ulceration, nerve injury, or vascular compromise
■ Problems with fixation devices such as displacement of

screws and breakage of wires
■ Infection that occurs locally or systemically
■ Refracture
■ Delayed union or malunion 

BOX 11.8 MANAGEMENT GUIDELINES—
Postfracture/Period of Immobilization

Impairments, Activity Limitations, and Participation Restrictions:
Initially, inflammation and swelling

Progressive muscle atrophy, contracture formation, cartilage degeneration, and decreased circulation in the immobilized area

Potential overall body weakening/complications if confined to bed (deep vein thrombosis, pulmonary embolism, pneumonia)

Limited activity and restricted participation in ADLs, IADLs, and work imposed by the fracture site and method of immobilization used

Plan of Care Intervention

1. Educate the patient.

2. Decrease effects of inflammation during acute period.

3. Decrease effects of immobilization.

4. If patient is confined to bed, maintain ROM and 
strength in major muscle groups.

1. Teach functional adaptations.
   Teach safe ambulation, bed mobility.

2. Ice, elevation

3. Intermittent muscle setting.
   Active ROM to joints above and below immobilized

region.

4. ROM activities to all areas not immobilized
   Resistive exercises to major muscle groups not

immobilized, especially in preparation for future
ambulation
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■  PNF Stretching. Hold-relax and agonist-contraction tech-
niques are used during the postimmobilization period be-
cause the intensity can be controlled by the patient. It is
important to monitor the intensity of contraction and to
not apply the resistive or stretch force beyond the fracture
site until there is radiological healing of the bone in order
to avoid a bending force across the fracture site. Once the
bone is radiologically healed, the stretch force can be ap-
plied beyond the fracture site.

■  Functional activities. The patient can resume normal ac-
tivities with caution. During the early postimmobilization
period, it is important to not traumatize the weakened mus-
cle, cartilage, bone, and connective tissue. Partial weight
bearing must be continued for several weeks after a lower

extremity fracture until the fracture site is completely healed
and able to tolerate full weight bearing.

■  Muscle performance: Strengthening and muscle endurance.
For 2 to 3 weeks following immobilization, because neither
the bone nor cartilage can tolerate excessive compressive or
bending forces, exercises are initiated with light isometrics.
As joint play and ROM improve, progression is made to light
resistance through the available range. The resistive force
should be applied proximal to the fracture site until the bone
is radiologically healed. Once healed, PRE and other more
intense dynamic exercises can be initiated.

■  Scar tissue mobilization. If there is restricting scar tissue,
manual techniques to mobilize the scar are used. The
choice of technique depends on the tissue involved.
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BOX 11.9 MANAGEMENT GUIDELINES—
Postfracture/Postimmobilization

Impairments:
Pain with movement, which progressively decreases

Decreased ROM

Decreased joint play

Scar tissue adhesions

Decreased strength and endurance

Plan of Care Interventions

1. Educate the patient.

2. Provide protection until 
radiologically healed.

3. Initiate active exercises.

4. Increase joint and soft tissue 
mobility.

5. Increase strength and muscle 
endurance.

6. Improve cardiorespiratory fitness.

PRECAUTIONS: No stretch or resistive forces distal to the fracture site until the bone is radiologically healed. No ex-
cessive joint compression or shear for several weeks after the period of immobilization. Use protected weight bearing
until the site is radiologically healed.

1. Inform patient of limitations until fracture site is radiologically healed.
   Teach home exercises that reinforce interventions.

2. Use partial weight bearing in lower extremity and nonstressful activities
in the upper extremity.

3. Active ROM, gentle multi-angle isometrics

4. Initiate joint play stretching techniques (using grades III and IV) with the
force applied proximal to the healing fracture site.

   For muscle stretching, apply the force proximal to the healing fracture
site until radiologically healed.

5. As the ROM increases and the bone heals, initiate resistive and repetitive
exercises.

6. Initiate safe aerobic exercises that do not stress the fracture site until it is
healed.
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Independent Learning Activities

Critical Thinking and Discussion
1. Your patient sustained a traumatic knee joint injury in an

automobile accident. There is joint effusion, limited ROM,
and decreased joint play 2 days after the accident. X-rays
have cleared the area of any fractures. The patient guards
against motion as you approach the end of the available
range. Identify the principles of treatment, the goals, and
plan of care for this patient. Describe and practice specific
therapeutic techniques that you would use for intervention
and describe how you would progress the techniques
through the stages of healing.

2. Develop a program of interventions for a patient with OA
in the knees who has pain when ascending and descending
steps and has difficulty standing up from a chair. What ex-
amination procedures do you want to do? What functional
tests do you want to document? How would the program
differ for an individual with symptoms of RA during a pe-
riod of active disease (the acute phase)? During a period
of remission (the chronic phase)?

3. Describe your plan of care and list specific interventions
for a 55-year-old woman who is postmenopausal and has

early signs of osteoporosis. What patient instructions
would be important to include?

4. An individual sustained a fracture 6 weeks ago, and the
limb was just removed from the cast. How does treatment
differ from that of other traumatic conditions 6 weeks post
injury? Describe what precautions you will follow and why
they are important.

5. Your patient was involved in a motor vehicle accident 
6 months ago. You saw her 3 months ago, but now she has
returned with a diagnosis of FM. Her physician recom-
mends exercise. Describe your treatment program, taking
into consideration the characteristics of FM and the benefits
and problems of exercise in this population.

6. Your new patient is a secretary who presents with upper
back and neck pain. She describes a gradual onset. She 
reports sitting at a computer for 6 to 8 hours each day and
having to take phone calls on a regular basis as well. You
examine the patient and find several active MTrPs. De-
scribe your course of treatment for this patient. How will
you address the effect her work has on her problem?
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Many injuries, diseases, and disorders of the musculoskele-
tal system can be associated with levels of impairment so 
significant that surgical intervention is required. These im-
pairments can affect all musculoskeletal tissues—muscles,
tendons, ligaments, cartilage, fascia, joint capsules, or bones—
of the upper or lower extremities or spine. Ideally, surgery is
preceded by a comprehensive examination and evaluation of
the patient’s impairments and functional status, coupled with
preoperative patient education. Following surgery, a planned
course of postoperative rehabilitation is usually warranted.

This chapter provides an overview of the indications for sur-
gical intervention for musculoskeletal pathology, describes con-
siderations for preoperative management, notes factors that
influence the outcomes of surgery, provides general rehabilita-
tion guidelines following surgery, and identifies potential com-
plications that may interfere with the achievement of optimal
functional outcomes. The chapter concludes with an overview
of several orthopedic surgical procedures that may be under-
taken for the management of musculoskeletal conditions

Descriptions of selected surgical procedures for common
injuries or disorders of each region of the extremities are
provided in Chapters 17 through 22. In these chapters,
guidelines and progressions for postoperative management
of specific surgeries are presented that are based on the prin-
ciples of tissue healing and exercise prescription addressed
in Chapter 10, rather than adherence to specific protocols.
These principles can be applied by the therapist when 
designing exercise interventions for patients undergoing
current surgical procedures and can also be applied as a

foundation for future rehabilitation strategies as surgical in-
terventions change and evolve.

Indications for Surgical
Intervention

Many acute, recurring, and chronic musculoskeletal conditions
are managed successfully with conservative measures, such as
rest, protection with splinting or use of assistive devices, med-
ication, therapeutic exercise, manual therapy, functional train-
ing, and the use of physical agents or electrotherapy. However,
surgical intervention is the best treatment option when a 
conservative program has not been successful in adequately
modifying impairments or restoring function, or if the severity
of a patient’s condition is beyond the level that is appropriate
for conservative management. Indications for a variety of mus-
culoskeletal surgeries are identified in Box 12.1.11,13,16,62

Guidelines for Preoperative
and Postoperative
Management

Although surgical intervention can correct or reduce the ad-
verse conditions and impairments associated with muscu-
loskeletal pathology, a carefully planned and progressed
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rehabilitation program is essential for the patient to achieve
optimal functional outcomes after surgery. Ideally, rehabili-
tation begins with patient education and “prehabilitation” 
exercises or functional skill development before surgery and
continues with direct intervention from a therapist and long-
term self-management by the patient after surgery.

Considerations for Preoperative
Management
Direct communication with the patient prior to pre-planned,
elective surgery is advisable, preferably on a one-to-one basis
between therapist and patient, but a group setting can also be
used. In the current health-care environment, authorization
for reimbursable preoperative consultations with individual
patients is often difficult. However, preoperative contact with
a group of patients scheduled for similar surgeries may be pos-
sible. The benefits of preoperative communication and instruc-
tion with a patient include the ability to assess their preoperative
functional status, to discuss their goals and expectations follow-
ing surgery, to establish rapport, and to educate the patient 
regarding postoperative rehabilitation.  

There are several elements of preoperative management,
including a comprehensive examination and evaluation of a
patient’s preoperative status, patient education, an opportunity
for the patient to ask questions about the procedure, instruc-
tion regarding postoperative care, and providing a preopera-
tive exercise program if appropriate.

Preoperative Examination and Evaluation
When a preoperative visit is approved for an individual pa-
tient, the therapist can perform a comprehensive examination
to determine the patient’s impairments and functional status
prior to surgery.61,74 The therapist can evaluate the findings
of the examination to identify the patient’s needs and goals,
document the pre-surgical level of function, and generate 
a prognosis regarding the expected functional outcomes 
following surgery.

Examination of specific factors is particularly important for
developing realistic goals and estimating functionally relevant
outcomes of surgery and postoperative rehabilitation.74 These
factors are also emphasized in the postoperative examination
and in subsequent evaluations during rehabilitation.

■  Pain. Quantitatively measure the patient’s level of pain with
a visual analog scale or a scale that identifies the degree of
pain with specific functional activities.

■  Range of motion and joint integrity. Measure both active and
passive range of motion (ROM) of the involved joint or 
extremity and compare it to the ROM of the uninvolved
areas. Evaluate the quality of active joint motion. Assess
joint stability using passive accessory mobility testing and
special tests specific to passive restraints. 

■  Skin integrity. Note the presence of scars from previous in-
juries or surgeries, particularly those that are adherent and
restrict mobility of skin or underlying connective tissue
and joints.

■  Muscle performance. Evaluate muscle strength of the 
affected areas, recognizing that pain adversely affects
strength. Assess the functional strength of unaffected body
segments in anticipation of postoperative needs such as
ambulation with assistive devices, transfers, and activities
of daily living (ADLs).

■  Posture. Identify the patient’s preferred positions for com-
fort and any postural abnormalities that may affect ROM
and function.

■  Gait analysis. Analyze the gait characteristics, type of sup-
portive or protective devices currently used, and degree of
weight bearing tolerated during ambulation. 

■  Functional status. Identify the patient’s preoperative func-
tional activity limitations and functional abilities and his
or her perception of disability associated with participation
restrictions using a quantitative, self-report measurement
tool. A valid and reliable outcome measure should be used
if available and specific to the body region.

Preoperative Patient Education: Methods 
and Rationale
Patient education can begin preoperatively during an indi-
vidual instruction session with a patient or in a group setting
with patients planning to undergo similar surgeries. Some
large, acute-care facilities have education programs for pa-
tients scheduled for joint replacement surgery that use group
instruction by team members from several disciplines, includ-
ing nursing, physical therapy, and occupational therapy.28,46,52

The group programs may also include a tour of the operating
and recovery rooms. Programs such as these may help a pa-
tient understand what to expect the day of surgery and during
the early postoperative phase, possibly alleviating some of a
patient’s anxiety about the surgery and hospital experience.

Preoperative instruction gives a patient an opportunity to
learn about factors associated with surgery such as wound care,
special precautions that must be followed after surgery, and the
use of assistive or supportive equipment such as crutches, an
immobilizer, or a sling.61,74 Of equal importance, the patient can
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BOX 12.1 Indications for Surgery for
Musculoskeletal Disorders of the
Extremities and Spine

■ Incapacitating pain at rest or with functional activities
■ Marked limitation of active or passive motion
■ Gross instability of a joint or bony segments
■ Joint deformity or abnormal joint alignment
■ Significant structural degeneration
■ Chronic joint swelling
■ Failed conservative (nonsurgical) or prior surgical

management
■ Significant loss of function leading to disability as the result

of any of the preceding factors
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learn and practice early postoperative exercises without being
hampered by postoperative pain or the side effects of pain med-
ication, such as disorientation and drowsiness.61,74 If surgery is
scheduled as an outpatient procedure, preoperative instruction
teaches the patient skills needed to be safe at home and the post-
operative exercises they can perform at home before formal 
rehabilitation with the therapist begins.

Components of Preoperative Patient
Education
■  Overview of the plan of care. Explain the overall plan of care

the patient can expect during the postoperative period.
■  Postoperative precautions. Advise the patient of any precau-

tions or contraindications to positioning, movement, or
weight bearing that must be followed postoperatively.

■  Bed mobility and transfers. Teach the patient how to move
in bed or perform wheelchair transfers safely, incorporating
the necessary postoperative precautions.

■  Initial postoperative exercises. Teach the patient any exercises
that will be started during the very early postoperative 
period. These exercises often include:
■ Deep-breathing and coughing exercises. Explain the ration-

ale for periodically performing deep-breathing exercises
throughout the day.

■ Active ankle exercises (pumping exercises). Teach the 
patient how to reduce postoperative venous stasis and
decrease the risk of deep vein thrombosis (DVT).

■ Gentle muscle-setting exercises of immobilized joints.
■  Gait training. Teach the patient to use supportive devices

that may be needed for protected weight bearing during
ambulation after surgery, such as crutches or a walker.

■  Wound care. Explain or reinforce postoperative care of the
incision for optimal wound healing.

■  Pain management. Educate on the correct use of cryother-
apy for postoperative pain management. 

 FOCUS ON EVIDENCE
Although preoperative education is considered a valuable
component of the preparation and recovery from surgery, ev-
idence supporting its effectiveness is limited. McDonald et al
reviewed 18 randomized or quasi-randomized trials evaluat-
ing the effectiveness of preoperative patient education prior
to hip or knee arthroplasty and found no added benefit with
respect to reducing anxiety, or for improved surgical out-
comes like pain, function, or number of adverse events.58

An Extended Preoperative Exercise Program
The rationale for implementing an exercise program prior to a
planned surgical procedure is to limit further progression of
impairments, such as long-standing strength and ROM deficits,
that have developed as the result of the musculoskeletal condi-
tion requiring surgery, to improve the likelihood that learning
will carry over and exercises will be performed correctly 

following surgery, and to increase the likelihood of achieving
optimal postoperative functional outcomes.47,75

A preoperative exercise program may be particularly ben-
eficial if a prolonged period of immobilization or reduced
weight bearing is necessary after surgery.

 FOCUS ON EVIDENCE
Studies evaluating the effectiveness of an exercise program
initiated prior to a planned orthopedic surgical procedure
have reported mixed results. Kean and colleagues47 studied
the functional impact of a strengthening program initiated
prior to high tibial osteotomy in a relatively young, active
group of patients with medial compartment osteoarthritis.
Fourteen individuals (13 men and 1 woman, mean age 48 years)
participated in a supervised isokinetic resistance training pro-
gram for the quadriceps and hamstrings muscle groups 3 times
a week for 12 weeks prior to surgery, leading to significant
gains in strength. They also participated in postoperative re-
habilitation. The functional status of the experimental group
was compared with a matched control group of patients who
also had undergone high tibial osteotomy and postoperative
rehabilitation, but no preoperative resistance training. At 
6 months postsurgery, the preoperative resistance training
group scored significantly better than the control group on
ADL and recreational/sports participation subscales of a quan-
titative measurement tool assessing function in individuals
with knee arthritis. 

In contrast, Rooks and associates75 found that despite a 
20% increase in lower extremity strength as the result of a pre-
operative exercise program in a group of patients scheduled to
undergo total hip or knee arthroplasty, there were no significant
improvements in postoperative functioning compared with
that of a control group. Key differences in these studies were
the type of preoperative resistance training programs, the mean
ages of the participants, and degree of joint arthritis. 

A recent systematic review of seventeen studies that pro-
vided prehabilitation prior to surgery demonstrated no ben-
efit to patients over usual care at any time point following
surgery. Prehabilitation programs consisted of aerobic exer-
cises, strength training, and/or functional task training, and
main outcome measures included quality of life, pain, hospi-
tal readmission, and nursing home placement. The majority
of studies (13) included patients planning hip or knee arthro-
plasty. The lone positive finding was that a dose of over 500
hours of prehabilitation minimized the need for postopera-
tive rehabilitation.15

Considerations for Postoperative
Management
A well-planned rehabilitation program, composed of a care-
fully progressed sequence of therapeutic exercise, functional
training, and ongoing patient education, is fundamental to
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the patient’s postoperative care. Appropriate rehabilitative
management must consider many factors, all of which will 
affect the components, the progression, and the outcomes of
a patient’s postoperative program. These factors are noted in
Box 12.2. Ultimately, the success of the surgical procedure 
is closely linked with the effectiveness of the postsurgical 
rehabilitation. 

To design a safe, effective, efficient rehabilitation program
for a patient, the therapist must understand the indications and
rationale for a particular surgical procedure; become familiar
with the procedure itself; be aware of special precautions related
to the surgery; and communicate effectively with the patient,
surgeon, and other members of the rehabilitation team.31

Postoperative Examination and Evaluation
Every postoperative rehabilitation program must be based on
initial and ongoing examinations of the individual patient. In
addition to the components of a preoperative examination
noted previously in this section, an assessment of integumen-
tary integrity is important after surgery. The incision should
be inspected before and after each exercise session to identify
any evidence of wound infection or delayed healing. Inspec-
tion of the surgical site includes the items noted in Box 12.3.

Phases of Postoperative Rehabilitation
Postoperative rehabilitation is most often divided into
phases, with each phase containing goals and suggested in-
terventions. Phases can be distinguished in several ways: by the
transitional sequences of tissue healing (acute/inflammatory,
subacute/proliferative, chronic/remodeling), by the permit-
ted level activity (initial, intermediate, advanced), by the 
degree of protection of healing tissues (maximum, moderate,

minimum protection), or simply by sequential numbering
(e.g., I, II, III).

As with non-operative management of musculoskeletal
pathology, the phase descriptions all reflect to some extent the
stages of healing of involved soft tissue and bone. In addition,
phases of postoperative rehabilitation must account for par-
ticular elements of the surgical procedure, such as the type of
surgical approach or tissue fixation.

In general, the goals and interventions across the phases
of postoperative rehabilitation are established to safely
progress the patient toward functional recovery. Early after
surgery, the emphasis of management focuses on minimizing
pain, preventing postoperative complications, and resuming
a safe level of functional mobility while protecting the surgical
site. Later, as tissues heal and the patient recovers from sur-
gery, interventions are directed toward restoring or improving
range of motion (ROM), strength, neuromuscular control,
stability, balance, and muscular and cardiopulmonary en-
durance, as well as the patient’s ability to perform all necessary
and desired functional activities.

Phases of postoperative rehabilitation do not take into 
account the individual qualities, needs, and abilities of each 
patient, nor do they consider how a modification to the normal
surgical procedure may impact care. Therefore, the phases are
intended as general guidelines for management rather than
prescriptive programs. To develop an individualized rehabil-
itation program for the patient, the suggested guidelines for
each phase should be modified based on the results of ongo-
ing postoperative examination of the patient.

Recognizing the differences among various surgical pro-
cedures and the fact that each patient’s recovery after surgery
is unique, guidelines for postoperative rehabilitation in this
section are divided into three broad, overlapping phases based
on the degree of protection of operated structures. The char-
acteristics of these three phases are as follows.

■  Maximum protection phase. This is the initial postoperative
period when protection of operated tissues is paramount in
the presence of tissue inflammation and pain. After some
surgeries, immobilization of the operated area is necessary
during this phase. After other surgeries, it is advisable to
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BOX 12.2 Factors That Influence the
Components, Progression, and
Outcomes of a Postoperative
Rehabilitation Program

■ Extent of tissue pathology or damage
■ Size or severity of the lesion

■ Type and unique characteristics of the surgical procedure
■ Patient-related factors

■ Age, extent of preoperative impairments, and functional
limitations

■ Health history, particularly use of medications and
diabetes

■ Lifestyle history, including use of tobacco
■ Needs, goals, expectations, and social support
■ Level of motivation and ability to adhere to an exercise

program
■ Stage of healing of involved tissues
■ Characteristics of types of tissues involved

■ Response to immobilization and remobilization
■ Integrity of structures adjacent to involved tissues
■ Philosophy of the surgeon

BOX 12.3 Inspection of the Surgical Incision

■ Check for signs of redness or tissue necrosis along the
incision(s) and around sutures.

■ Palpate along the incision and note signs of tenderness 
and edema.

■ Palpate to determine evidence of increased heat.
■ Check for signs of drainage; note color and amount of

drainage on the dressing.
■ Note the integrity of an incision across a joint during and

after exercise.
■ As the incision heals, check the mobility of the scar.
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place low-level stresses on operated tissues soon after surgery,
making early passive or assisted ROM within a protected
range or within a patient’s tolerance permissible. In both sit-
uations, muscle-setting exercises to prevent muscle disuse
atrophy also are indicated. The time frame for maximum
protection ranges from a few days to 6 weeks depending on
the type of surgery and the tissues involved.

■  Moderate protection phase. This is the intermediate phase
of rehabilitation when inflammation has subsided, pain and
tenderness are minimal, and tissues are able to withstand
gradually increasing levels of stress. Criteria for progression
to this phase often include the absence of pain at rest and the
availability of at least limited pain-free movement of the op-
erated extremity. There is an emphasis on restoring ROM and
normal arthrokinematics while tissues continue to heal and
remodel, improving neuromuscular control and stability, 
and gradually increasing strength during this phase. Depend-
ing on the healing characteristics of the operated tissues, this
phase typically begins around 4 to 6 weeks postoperatively
and continues for an additional 4 to 6 weeks.

■   Minimum protection/return to function phase. During this
advanced phase, little to no protection of operated tissues is

required. To progress to this phase, full (or almost full) pain-
free active ROM should be available and the joint capsule (if
involved) should be clinically stable. Strength requirements
to begin this phase vary widely depending on the procedure.
Rehabilitation focuses on restoring functional strength and
gradually progressing the patient’s functional activities. This
phase begins anywhere from 6 to 12 weeks postoperatively
and may continue until 6 months postoperatively or beyond.

Box 12.4 summarizes general management guidelines for
postoperative rehabilitation, including the common structural
and functional impairments that must be addressed and a plan
of care with suggested goals and interventions for each phase
of rehabilitation.  Postsurgical guidelines for specific surgeries
at each region are provided in Chapter 15 and Chapters 17
through 22.

Time-Based and Criterion-Based Progression
Time frames for each phase of rehabilitation can vary dra-
matically depending on the procedure. For example, imme-
diately after an arthroscopic meniscectomy, the maximum
protection phase during which movement of the operated
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BOX 12.4 MANAGEMENT GUIDELINES—
Postoperative Rehabilitation

Structural and Functional Impairments:
Postoperative pain because of disruption of soft tissue

Postoperative swelling

Potential circulatory and pulmonary complications

Joint stiffness or limitation of motion because of injury to soft tissue and necessary postoperative immobilization

Muscle disuse atrophy because of immobilization

Loss of strength for functional activities

Limitation of weight bearing

Potential loss of strength and mobility of non-operated joints

Maximum Protection Phase

Plan of Care Interventions

1. Educate the patient in preparation 
for self-management.

2. Decrease postoperative pain, 
muscle guarding, or spasm.

3. Prevent wound infection.

4. Minimize postoperative swelling.

1. Instruction in safe positioning and limb movements and special
postoperative precautions or contraindications.

2. Relaxation exercises.
   Use of modalities such as transcutaneous electrical nerve stimulation

(TENS), cold, or heat.
   Continuous passive motion (CPM) during the early postoperative period.

3. Instruction or review of proper wound care (cleaning and dressing the
incision).

4. Elevation of the operated extremity.
   Active muscle pumping exercises at the distal joints.
   Use of compression garment.
   Gentle distal-to-proximal massage.

Continued
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BOX 12.4 MANAGEMENT GUIDELINES—
Postoperative Rehabilitation—cont’d

Plan of Care Interventions

5. Prevent circulatory and pulmonary 
complications, such as deep vein 
thrombosis, pulmonary embolus, 
or pneumonia.

6. Prevent unnecessary, residual joint 
stiffness or soft tissue contractures.

7. Minimize muscle atrophy across 
immobilized joints.

8. Maintain motion and strength in areas 
above and below the operative site.

9. Maintain functional mobility while 
protecting the operative site.

Moderate Protection/Controlled Motion Phase

5. Active exercises to distal musculature.
   Deep-breathing and coughing exercises.

6. CPM or passive or active-assistive ROM initiated in the immediate
postoperative period.

7. Muscle-setting exercises.

8. Active and resistive ROM exercises to nonoperated areas.

9. Adaptive equipment and assistive devices.

Plan of Care Interventions

1. Educate the patient.

2. Gradually restore soft tissue and 
joint mobility.

3. Establish a mobile scar.

4. Strengthen involved muscles 
and improve joint stability.

Minimum Protection/Return to Function Phase

1. Teach the patient to monitor the effects of the exercise program and
make adjustments if swelling or pain increases. 

2. Active-assistive or active ROM within limits of pain. Joint mobilization
procedures.

3. Gentle massage across and around the maturing scar.

4. Multiple-against increasing resistance.
   Alternating isometrics and rhythmic stabilization procedures.
   Dynamic exercise against light resistance in open- and closed-chain

positions.
   Light functional activities with operated limb.

Plan of Care Interventions

1. Continue patient education.

2. Prevent re-injury or postoperative 
complications.

3. Restore full joint and soft tissue 
mobility, if possible.

4. Maximize muscle performance, 
dynamic stability, and neuromuscular 
control.

1. Emphasize gradual but progressive incorporation of improved muscle
performance, mobility, and balance into functional activities.

2. Reinforce self-monitoring and review the signs and symptoms of
excessive use; identify unsafe activities.

3. Joint stretching (mobilization) and self-stretching techniques.

4. Progressive strengthening exercises using higher loads and speeds and
combined movement patterns.

   Integrate movements and positions into exercises that simulate
functional activities.
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joint is limited to passive or assisted motion within a pro-
tected range may extend for only 1 day postoperatively. How-
ever, after a complex tendon repair in the hand, maximum
protection may be required for several weeks.

Although published descriptions of postoperative rehabil-
itation typically include estimated time frames for each phase
of a program, these time periods must be considered general
guidelines. Determining the patient’s readiness to advance
from one phase of postoperative rehabilitation to the next
should not be based solely on time but also on the patient’s
attainment of predetermined criteria, such as the absence of
pain or restoration of a particular amount of ROM or level
of strength. However, at this time most published guidelines
and protocols are time based and provide little or no infor-
mation for making criterion-based decisions.

Putting Postoperative Rehabilitation 
Into Perspective
Postoperative rehabilitation after an orthopedic surgical pro-
cedure is often a lengthy process. Given the limited number
of justifiable therapy sessions available for postoperative
management, it is highly unlikely for a therapist to have di-
rect, ongoing contact with a patient through all phases of a
rehabilitation program. Consequently, the key to successful
postoperative outcomes is effective, long-term patient self-
management. This approach includes therapist-directed,
early postoperative patient education, followed by a home
program of selected interventions—in particular, a progres-
sion of exercises that have been carefully taught and are pe-
riodically monitored and modified by the therapist during
each phase of rehabilitation.38

Potential Postoperative Complications
and Risk Reduction
There are a number of serious complications that a patient
may encounter after surgery, any one of which can adversely
affect the outcomes of surgery and postoperative rehabilita-
tion. Complications can manifest early (within 6 months after
surgery) and/or late, and some aspects of preoperative patient
education and postoperative interventions are included to re-
duce the risk of developing complications. Potential compli-
cations are described here and noted in Box 12.5.3,13,45,79 

Pulmonary Complications
The risk of pneumonia or atelectasis (collapse of the lung
caused by bronchial obstruction) is highest during the early
postoperative period. General anesthesia and use of pain
medication increase the risk of these complications, as does
extended confinement to bed. Deep breathing exercises initi-
ated on the day of surgery and early standing and ambulation
following surgery may reduce this risk.

DVT and Pulmonary Embolism
Although there is an increased risk of development of a DVT
and a subsequent pulmonary embolism in all patients who
have undergone surgery, this risk is particularly increased
after total joint replacement surgery of the hip or knee.21,89

A therapist must be familiar with signs and symptoms and
risk factors for these complications, as well as interventions
for prevention or management. The next section of this
chapter contains more detailed information about DVT and
pulmonary embolism.
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BOX 12.4 MANAGEMENT GUIDELINES—
Postoperative Rehabilitation—cont’d

Plan of Care Interventions

5. Restore balance and coordinated 
movement.

6. Acquire or relearn specific 
motor skills.

PRECAUTIONS: In addition to the precautions already addressed that relate to the stages of tissue repair and healing,
there are several additional precautions that are of particular importance to the postoperative patient.

■ Avoid positions, movements, or weight bearing that could compromise the integrity of the surgical repair.
■ Keep the wound clean to avoid postoperative infection. Monitor for wound drainage and signs of systemic or local infection,

such as elevated temperature.
■ Avoid vigorous/high-intensity stretching or resistance exercises with soft tissues, such as muscles, tendons, or joint capsules

that have been repaired or reattached for at least 6 weeks to ensure adequate healing and stability.
■ Modify level and selection of physical activities, if necessary, to prevent premature wear and tear of repaired or reconstructed

soft tissues and joints.

5. Progressive balance and coordination training.

6. Apply principles of motor learning (appropriate practice and feedback
during task-specific training).
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Joint Subluxation or Dislocation 
If a joint capsule has been incised during surgery, as is the
case for total joint replacement or an open labrum repair,
there is an increased risk of postoperative joint dislocation.
This risk can be reduced through patient education and 
exercise instruction. For example, a preoperative or postop-
erative program typically includes teaching a patient proper
use of a removable immobilization device, such as a splint or
sling, and the joint positions to avoid during exercises and
ADL so that the incision site is protected from increased
loading.

Restricted Motion From Adhesions and Scar
Tissue Formation
Postoperative contractures can develop as incised or repaired
tissues progress through the healing process. Movement of
the operated area as early as possible after surgery with ROM
exercises or continuous passive motion (CPM) within a safe
range is directed at maintaining the extensibility of soft tissues
and preventing contractures.

Failure, Displacement, or Loosening of Internal
Fixation Device
Excessive or premature weight bearing prior to bony healing
after open reduction and internal fixation of a fracture can
cause loss of bone-to-bone apposition of the fracture site.
Heavy lifting or strong muscle recruitment after a soft tissue
repair in the upper extremity can cause rupture of sutured,
but incompletely healed, tissues. Proper use of supportive de-
vices, such as crutches or a walker, to control weight bearing
during ambulation and appropriate progression of exercises

and functional activities can reduce the risk of these postop-
erative complications.

Deep Vein Thrombosis and Pulmonary
Embolism: A Closer Look
A thrombosis is a bolus of coagulated blood in the circula-
tory system. Lower extremity venous thrombosis can occur
in the superficial or deep vein systems (Fig. 12.1).35 A throm-
bus in one of the superficial veins in the calf usually is small
and resolves without serious consequences.73 In contrast,
thrombus formation in a deep vein in the calf, thigh, or pelvic
region, known as DVT, tends to be larger and can cause seri-
ous complications. When a clot breaks away from the wall of
a vein and travels proximally, it is called an embolus. When
an embolus affects pulmonary circulation, it is called a 
pulmonary embolism, which is a potentially life-threatening
disorder.35,73
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BOX 12.5 Potential Postoperative
Complications

■ Pulmonary dysfunction, including pneumonia or atelectasis
■ Local or systemic infection
■ Deep vein thrombosis or pulmonary embolism
■ Delayed wound healing
■ Muscle function deficits secondary to tourniquet

compression and resulting ischemia or nerve compression
■ Failure, loosening, or displacement of internal fixation

devices
■ Delayed union of bone after fracture, osteotomy, or joint

fusion
■ Rupture of incompletely healed soft tissue after repair or

reconstruction
■ Subluxation or dislocation of joint surfaces or implants
■ Nerve entrapment from scar tissue formation resulting in

pain or sensory changes
■ Adhesions and scarring leading to contractures of soft

tissues and joint hypomobility
■ Loosening of joint implants secondary to periprosthetic

osteolysis or infection

Internal
vena cava

Right common
iliac vein

External
iliac vein

Femoral vein

Great saphenous vein

Great saphenous vein

Small saphenous vein

Popliteal vein

Anterior tibial vein

Dorsal venous arch

FIGURE 12.1 Veins of the lower extremity.
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Risk Factors for DVT
A lower extremity DVT is a common complication after
musculoskeletal injury or surgery, prolonged limb immobi-
lization, or bed rest and is attributed to venous stasis, injury
to and inflammation of the walls of a vein, or a hypercoag-
ulable state of the blood.39,87 Risk factors for DVT are listed
in Box 12.6.32,35,39,73

DVT: Signs and Symptoms
During the early stages of a DVT, only 25% to 50% of cases
can be recognized by clinical manifestations, such as dull
aching or severe pain, swelling, or changes in skin tempera-
ture and color, specifically heat and redness.2,35,39,73

The Wells Criteria88 provide the clinician with a tool to es-
tablish the likelihood of a lower extremity DVT when the con-
dition is suspected. The criteria include both patient history
and physical signs, and the presence of two or more clinical fea-
tures indicate that a DVT is likely, while fewer than two suggests
a DVT is unlikely.88 Box 12.7 lists the Wells criteria. When a
DVT is likely based on the clinical features present, medical
testing should be initiated to confirm or rule out the condition.
Only diagnostic imaging, such as ultrasonography, venous 
duplex screening, or venography, can confirm a DVT.2,87

Pulmonary Embolism: Signs and Symptoms
As described previously, pulmonary embolism is a possible
consequence of DVT. Risk factors for pulmonary em-
bolism are similar to those already identified for DVT (see
Box 12.6).

The signs and symptoms of pulmonary embolism vary
considerably depending on the size of the embolus, the extent
of lung involvement, and the presence of coexisting car-
diopulmonary conditions.93 The hallmark signs and symp-
toms are a sudden onset of shortness of breath (dyspnea),
rapid and shallow breathing (tachypnea), and chest pain 
located at the lateral aspect of the chest that intensifies with

deep breathing and coughing. Other signs and symptoms 
include swelling in the lower extremities, anxiety, fever, exces-
sive sweating (diaphoresis), a cough, and blood in the sputum 
(hemoptysis).93

If a patient presents with signs or symptoms of possible
pulmonary embolism, immediate medical referral is war-
ranted for a definitive diagnosis and management.

Reducing the Risk of DVT
Every effort should be made to reduce the risk of a DVT and
subsequent thrombophlebitis in patients who have under-
gone a surgical procedure, particularly a lower extremity
procedure. The following medical/pharmacological and 
exercise-related interventions are implemented for risk 
reduction.21,43,87,89

■  Prophylactic use of anticoagulant therapy (high molecular
weight heparin) for the high-risk patient because of a lower
extremity surgery or extended bed rest

■  Elevating the legs when lying supine or when sitting
■  No prolonged periods of sitting, especially for the patient

with a long-leg cast
■  Initiating ambulation as soon as possible after surgery,

preferably no more than a day or two postoperatively
■  Active “pumping” exercises (active dorsiflexion, plan-

tarflexion, and circumduction of the ankle) regularly
throughout the day when lying supine

■  Use of compression stockings to support the walls of the
veins and minimize venous pooling

■  Use of a sequential pneumatic compression unit for pa-
tients on bed rest
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BOX 12.6 Risk Factors for Deep Vein
Thrombosis and Thrombophlebitis

■ Postoperative or postfracture immobilization
■ Prolonged bed rest
■ Sedentary lifestyle or extended episode of sitting 
■ Prolonged standing (>6 hours)
■ Trauma to venous vessels
■ Limb paralysis
■ Active malignancy (within past 6 months)
■ History of deep vein thrombosis or pulmonary embolism
■ Advanced age
■ Obesity
■ Congestive heart failure
■ Use of oral contraceptives
■ Pregnancy

BOX 12.7 Wells Criteria for Likelihood of
Deep Vein Thrombosis88 (A score 
of 2 or more points indicates a DVT
is likely)

Clinical Feature Points
Active cancer (treatment ongoing, within 1

6 months, or palliative care)
Paralysis, paresis, or recent plaster 1

immobilization of the lower extremities
Recently bedridden for 3 days or longer, 1

or major surgery requiring general or 
regional anesthesia within 12 weeks

Localized tenderness along the distribution 1
of the deep venous system

Entire leg swollen 1
Calf swelling at least 3 cm larger than 1

asymptomatic side
Pitting edema confined to symptomatic leg 1
Collateral superficial veins 1
Previously documented DVT 1
Alternative diagnosis at least as likely as DVT -2
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CLINICAL TIP
In addition to medical/pharmacological management with ad-
ministration of early postoperative, anticoagulant drugs,21,89

1 minute of active ankle pumping exercises performed at 
regular intervals during the day has been shown to increase
venous blood flow (for up to 30 minutes after exercise) and
decrease venous stasis in the calf after total hip replacement
surgery.60 Therefore, ankle pumping exercises are thought 
to decrease the risk of developing a DVT. Early ambulation
(before day 2) after surgery also promotes circulation and 
reduces the risk of a DVT.89

Management of DVT
Acute care management. If the presence of DVT and 
resulting thrombophlebitis is confirmed, immediate med-
ical intervention is essential to reduce the risk of pulmonary
embolism. Initial management includes administering 
anticoagulant medication, placing the patient on bed rest,
elevating the involved extremity, and using graduated com-
pression stockings. The reported time frame for bed rest
varies from 2 days to more than a week.1 Box 12.8 summa-
rizes the guidelines for management of acute DVT and
thrombophlebitis.1,54

 FOCUS ON EVIDENCE
A clinical practice guideline (CPG) for management of in-
dividuals at risk for or diagnosed with venous thromboem-
bolism, developed by the APTA, provides 14 key action
statements for therapists to consider in making decisions re-
garding care of patients with this condition.42 The overall
main points are that physical therapists: 

■  Are an integral part of the health care team in identifying
those at risk for venous thromboembolism and lower ex-
tremity DVT; 

■  Should advocate for preventive measures in those deter-
mined to be at risk; should use the Wells criteria for assess-
ing the degree of DVT risk; 

■  Should mobilize patients with a confirmed lower extremity
DVT once therapeutic levels of anticoagulation medication
are reached; and 

■  Can minimize future complications for patients after DVT
through education, mechanical compression, and exercise.42

During the period of bed rest, exercises usually are con-
traindicated because movement of the involved extremity may
cause pain and is thought to increase congestion in the venous
channels when tissues are inflamed. It is currently suggested
that ambulation can begin after anticoagulant therapy reaches

368 Guidelines for Preoperative and Postoperative Management

BOX 12.8 MANAGEMENT GUIDELINES—
Deep Vein Thrombosis and Thrombophlebitis

Structural and Functional Impairments
Dull ache or pain usually in the calf

Tenderness, warmth, and swelling with palpation

Plan of Care Interventions

1. Relieve pain during the acute 
inflammatory period.

2. Begin mobility when therapeutic levels 
of anticoagulant medication have been 
administered.

3. As acute symptoms subside, regain 
functional mobility.

4. Prevent recurrence of the acute disorder.

CONTRAINDICATIONS: Passive or active motion or application of moist heat; use of a sequential pneumatic compres-
sion pump.

PRECAUTIONS: Following discharge but while continuing anticoagulant medication, avoid contact sports and high fall
risk physical activities. 

1. Bed rest, pharmacological management (systemic anticoagulant
therapy); elevation of the affected lower extremity, maintaining
slight knee flexion.

2. Progressively increasing ambulation and functional activity training
while graded compression stockings are worn by patient.

3. Continue graded ambulation with legs in pressure-gradient support
stockings.

4. Continuation of appropriate medical and pharmacological
management. Use of strategies to prevent DVTs. 
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therapeutic levels, and the therapist should consult the medical
team regarding the timing of initiating this intervention.42

 FOCUS ON EVIDENCE
Aldrich and colleagues1 conducted a systematic review of the
literature to determine when a patient with DVT should be 
allowed to begin walking. The review revealed a limited number
of studies (a total of five, three of which were randomized, con-
trolled trials) that addressed this issue. Results of these studies
suggest that early ambulation, begun within the first 24 hours
after initiating anticoagulant therapy, does not increase the 
incidence of pulmonary embolism in patients without an 
existing pulmonary embolism and who have adequate car-
diopulmonary reserve. However, if a patient has a known pul-
monary embolism, an ambulation program must be initiated
more cautiously. It is important to note that in the studies 
reviewed all patients who participated in an early ambulation
program wore compression garments.

The results also revealed that early ambulation is associ-
ated with more rapid resolution of pain and swelling. The au-
thors of the review were unable to identify studies that
investigated the initiation and progression of other forms of
exercise for patients with DVT.

Posthospitalization precautions. Following discharge, a
patient typically continues on an anticoagulant medication
for about 6 months. During that time period, the patient must
avoid contact sports, running, and skiing; however, treadmill
walking or jogging and use of an elliptical trainer is permitted.
Mandatory helmet use also is advisable during participation
in high “fall risk” activities.32

Overview of Common
Orthopedic Surgeries and
Postoperative Management

Surgical management of musculoskeletal conditions encom-
passes a wide variety of procedures. Orthopedic surgery proce-
dures can be divided into several broad categories, including
repair, reattachment, reconstruction, stabilization, replacement,
realignment, transfer, release, resection (excision), fixation, and
fusion.17,37,77 Examples of specific procedures in these categories
are identified in Table 12.1.

The purpose of this final chapter section is to provide brief
descriptions of some surgical procedures in these categories
and a broad overview of the place of therapeutic exercise in
postoperative rehabilitation. Factors such as duration of im-
mobilization following surgery and the timing, intensity and
progression of exercise will vary based on the surgical tech-
niques used, the surgeon’s philosophy, and patient’s response
to surgery and postoperative therapy. Chapters 17 through 22

contain more extensive descriptions of selected surgical pro-
cedures and progressions of postoperative management for
each region of the upper and lower extremities. For more 
detailed descriptions of specific surgeries and operative tech-
niques for musculoskeletal conditions from the orthopedic
surgeon’s perspective, many textbooks and journals are avail-
able for reference.17,33,37,59,66,80,90 The specific aspects of an in-
dividual patient’s surgical procedure should be known prior
to designing and implementing a safe and effective postoper-
ative exercise program and this information is available in the
operative report in the patient’s medical record and through
communication with the surgeon.

Surgical Approaches
Open Procedures
An open surgical procedure involves an incision of adequate
length and depth through the necessary superficial and deep
layers of skin, fascia, muscles, and joint capsule that allows the
operative field to be fully visualized by the surgeon during the
procedure.57,77 The term arthrotomy is used to describe an
open procedure in which the joint capsule is incised to expose
joint structures. Open approaches are necessary for surgeries
such as joint replacement, arthrodesis, or internal fixation of
fractures and for some soft tissue repairs and reconstruction
such as tendon or ligament tears. Open procedures result in
extensive disturbance of soft tissues and require a lengthy 
period of rehabilitation to allow soft tissue healing.

Arthroscopic Procedures
Arthroscopy is used as a diagnostic tool and as a means of
treating a variety of intra-articular disorders.29,59,72,82 Arthro-
scopic procedures are typically performed on an outpatient
basis and often under local anesthesia.

Arthroscopy involves several very small incisions (portals)
in the skin, muscle, and joint capsule for insertion of an en-
doscope to visualize the interior of the joint by means of a
camera, and of miniature, motorized surgical tools used for
the procedures. Arthroscopic techniques are most often used
for surgical procedures at the shoulder and knee57,59,72,82 

but are being used increasingly more frequently for hip joint
disorders.20,29

Arthroscopic procedures include ligament, tendon, and
capsule repairs or reconstruction, joint débridement, menis-
cectomy, articular cartilage repair, and synovectomy. Because
the incisions for the portals are so small, there is minimal dis-
turbance of soft tissues during arthroscopic procedures. There-
fore, rehabilitation usually—but not always—can proceed
more quickly than after an open procedure.

Arthroscopically Assisted Procedures
An arthroscopically assisted procedure uses arthroscopy for
a portion of the procedure but also requires an open surgi-
cal field for selected aspects of the operative procedure.57,59

This approach is sometimes referred to as a “mini-open”
procedure.31
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Tissue Grafts
In a number of orthopedic procedures to repair damaged
structures, tissue grafts are implanted during the repair process.
For example, soft tissue grafts are routinely used to reconstruct
ligaments of the knee or ankle. Grafts are also used in articular
cartilage repair procedures and many bony procedures.

Types of Grafts
Tissue grafts can be placed into several categories: autografts,
allografts, and synthetic grafts.51

Autograft. An autograft, also referred to as an autogenous
or autologous graft, uses a patient’s own tissue harvested from
a donor site in the body. Patellar tendon grafts, for example,
have been used for more than 4 decades for intra-articular
anterior or posterior cruciate ligament reconstruction.69 More
recently, autografts have been used for osteochondral implan-
tation for repair of small, localized femoral condyle articular
defects.19 Risks associated with autografts include the need
for two surgical procedures and the potential for negative
consequences at the donor site.

Allograft. An allograft uses fresh or cryopreserved tissue that
comes from a source other than the patient, typically from a
cadaveric donor. This type of graft is used when an autograft
in a previous surgery has failed or when an appropriate auto-
graft is not available. Allografts are associated with several
risks, such as disease transmission from the donor, compro-
mised graft strength resulting from sterilization, and failure
secondary to immunological rejection. Allograft is not an op-
tion for articular cartilage implantation because cryopreser-
vation destroys articular chondrocytes.  

Synthetic grafts. Materials such as Gore-Tex® and Dacron
offer an alternative to human tissue and have been used on a
limited basis for ligament reconstruction in the knee. However,
synthetic ligaments, to date, have had a high rate of failure and

have not maintained their integrity over time.19 Implantation
of synthetic ligaments has also been associated with chronic
synovitis of the knee.

Repair, Reattachment, Reconstruction,
Stabilization, or Transfer of Soft
Tissues
Surgical repair, reattachment, or reconstruction of soft tissues
may be necessary after severe injury of a muscle, tendon, or
ligament.37,48,55,62 Surgical reconstruction and stabilization of
a joint capsule may be indicated to reduce excessive capsular
laxity contributing to instability of the joint.56,91 Transfer of
a muscle-tendon unit may be required to improve stability of
an unstable joint or to enhance neuromuscular control and
function.

Although there are numerous surgeries that fall into this
category, a therapist must always consider the effects of im-
mobilization and remobilization and the healing characteris-
tics of the soft tissues involved when designing a postoperative
exercise program.

Muscle Repair
A complete tear or rupture of a muscle is unusual but may
occur if a muscle that is in a state of contraction takes a direct
blow or is forcibly stretched.17

Procedure
Immediate surgical repair of a severe tear or even complete
rupture of a muscle is uncommon because inflammation 
affects the texture of muscle tissue, making it difficult to hold
sutures in place. A patient can achieve a more satisfactory out-
come with a late repair (approximately 48 to 72 hours after
injury) after acute symptoms have decreased. For repair, the
muscle is re-opposed, sutured, and immobilized in a short-
ened position as healing begins.62,77

370 Overview of Common Orthopedic Surgeries and Postoperative Management

TABLE 12.1 General Methods and Examples of Musculoskeletal Surgeries

Surgical Methods Examples of Procedures

Repair

Release or decompression

Resection or removal

Realignment or stabilization

Reconstruction or replacement

Fusion or fixation for bony union

Tenorrhaphy, tendon repair; meniscus or ligament repair; articular cartilage repair

Myotomy, tenotomy, fasciotomy; capsulotomy; tenolysis; muscle-tendon
lengthening; retinacular release; arthroscopic subacromial decompression

Synovectomy, meniscectomy, capsulectomy; débridement and lavage; laminectomy;
excision of soft tissue or boney neoplasms

Tendon transfer, tenodesis; extensor mechanism realignment; capsulorrhaphy,
capsular shift; osteotomy

Tenoplasty; capsulolabral reconstruction; ligamentous reconstruction; chondroplasty;
arthroplasty

Arthrodesis; open reduction with internal fixation
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Postoperative Management
■  Gradual muscle-setting exercise of the sutured muscle may

be initiated immediately after surgery.
■  When the immobilization is removed, active ROM, empha-

sizing controlled motion within a protected range, may
begin to restore joint mobility and prevent contractures.

■  Weight bearing is partially restricted until the patient
achieves a functional level of strength and flexibility in the
repaired muscle.

■  Low-load, high-repetition resistance exercises should not
elicit pain and be progressed very gradually to protect the
healing muscle.

■  Vigorous stretching or the return to full activity level are
contraindicated until soft tissue healing is complete—as
long as 6 to 8 weeks postoperatively.

Tendon Repair
When a tendon tears or ruptures in a young person, it is usually
the result of severe trauma.68 In an elderly person, tears are usu-
ally the result of progressive deterioration of a tendon coupled
with a sudden and unusual or forceful motion.6 Tendons usu-
ally rupture at musculotendinous or tendo-osseous junctions.68

Common sites of acute tear or rupture are the bicipital tendon
at the shoulder and the Achilles tendon.49

In patients with chronic tenosynovitis of the hand and
wrist, the extensor tendons can erode over time and may
eventually rupture along the dorsum of the hand.7,13 The 
superficial tendons of the hand and foot also are vulnerable
to lacerations that may require surgical repair. The flexor 
tendons of the fingers, for example, are commonly severed as
the result of a deep laceration to the palm of the hand.

Aside from the acute pain that occurs at the time of injury,
a complete tendon tear, rupture, or laceration causes an inabil-
ity to generate tension in the muscle-tendon unit and results
in weakness but little pain. With a partial tear, there is signifi-
cant pain during an active muscle contraction or stretch of the
muscle-tendon unit.

Procedure
A complete tear or laceration of a tendon should be repaired
immediately or within a few days after injury. If not repaired
within this time the tendon begins to retract, making reat-
tachment difficult. After the tendon is sutured, the repaired
muscle-tendon unit is maintained in a shortened position, 
as with a complete tear of a muscle. A longer immobilization
period may be required for a repaired tendon than for a re-
paired muscle because the vascular supply to tendons is
poor.26,24 However, remobilization involving a limited degree
of tensile forces on the repaired tendon is initiated as early as
possible to prevent or minimize adhesions that can hinder
tendon gliding.

Postoperative Management
■  Muscle setting is begun immediately after surgery to pre-

vent adhesions of the tendon to the sheath or surrounding
tissues and to promote alignment of healing tissue. If it is
possible to remove the immobilization for brief periods of

exercise, passive motion or active contraction of a muscle
group that is an antagonist of the repaired muscle tendon
within a protected range also may be permissible within a
few days after surgery.7,14

■  Controlled antigravity motions are initiated after the 
repaired tendon has had several weeks to heal.

■  Weight bearing may be restricted after an upper or lower
extremity tendon repair, and heavy lifting activities are
often contraindicated for as long as 6 to 8 weeks after an
upper extremity repair.

■  Because the muscle-tendon unit must be held in a short-
ened position for several weeks, regaining full range may be
difficult. However, vigorous stretching and high-intensity
resistance exercise should not be initiated for at least 8 weeks
after repair, when healing of the tendon has occurred.14

NOTE: For detailed information on postoperative rehabilitation
after repair of tendons in the shoulder, fingers, or ankle, refer
to Chapters 17, 19, and 22, respectively.

Ligament Repair or Reconstruction
After a large or complete ligament tear or when a ligament
cannot be approximated for healing through closed reduc-
tion, surgical intervention through repair or reconstruction
is warranted. Repair involves approximating and suturing the
torn ligament, whereas reconstruction is accomplished with
a tissue graft taken from a donor site. The knee, ankle, and
elbow joints are the more common sites of ligament injury
and surgical intervention.33,48,50,90

Procedure
There are many surgical procedures that involve ligamentous
repair or reconstruction. What is common to these surgeries
is that, postoperatively, the joint is held in a position that
places a safe level of tension on the sutured or reconstructed
ligament during the healing process.50,55 The duration of im-
mobilization varies with the site and severity of injury and
the type of repair or reconstruction that was done.11,16,77,90

Postoperative Management
Rehabilitation after ligament surgery emphasizes early but
protected motion and progressive strengthening and weight-
bearing activities to load the healing tissues consistently but
safely.50,69,90 The rate of progression depends on many factors,
such as the type of repair or reconstruction that was done. For
example, rehabilitation after anterior cruciate ligament recon-
struction utilizing a patellar tendon graft and bone-to-bone
fixation can be progressed more rapidly than after a soft tissue
stabilization procedure involving a hamstring graft.16,27,55 The
rate of advancement also depends on the site of the repair or
reconstruction. For example, if the repair is at a potentially 
unstable joint, external support such as a brace should be 
worn and weight bearing restricted until muscular control can
adequately protect the joint.

Generally, postoperative rehabilitation after ligamentous sur-
gery is a lengthy process. For patients wishing to return to high-
demand work or sports activities, it may take at least 6 months
or as long as a year of rehabilitation until they are ready.27,55
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NOTE: Rehabilitation after reconstruction of ligaments of the
knee and ankle is addressed in Chapters 21 and 22.

Capsule Stabilization and Reconstruction
A joint capsule with excessive laxity loses the capacity to pro-
vide passive stability to the joint. Hypermobility of the capsule
can therefore be an underlying cause of symptomatic joint
instability ranging from subluxation to gross instability and
recurrent dislocation. Joints particularly vulnerable to insta-
bility are those with minimal inherent stability, most notably
the glenohumeral joint.

In some instances, an individual is predisposed to insta-
bility at many joints because capsular laxity and joint hyper-
mobility are congenital.76 More often, joint instability results
from an acute capsular injury suffered during a traumatic dis-
location or from repetitive stresses applied to the capsule with
the joint in extreme positions.56 The latter is seen most often
in athletes participating in sports such as baseball and tennis
that involve repetitive, end-range shoulder motions.84

Surgical stabilization or reconstruction of a joint capsule is
indicated for a patient with traumatic dislocation with associ-
ated capsular or labral avulsion or fracture, recurrent dislocation
or symptomatic subluxation despite a course of nonoperative
treatment, or an irreducible (fixed) dislocation.56,72,84,94

Procedure
Surgical procedures designed to reduce capsular laxity and joint
volume and restore or improve joint stability fall into several
categories and are performed using open or arthroscopic ap-
proaches. An open procedure with arthrotomy is used if an
open reduction of the joint is required or if there is extensive
damage to the labrum, avulsion of the capsule, or a fracture.
An arthroscopic approach is most often used to reduce capsular
laxity and for some reconstructive procedures.56,94

Examples of stabilization and reconstruction procedures
at the glenohumeral joint used for anterior, posterior, inferior,
or multidirectional instabilities are described here.

Capsulorrhaphy (capsular shift). For capsulorrhaphy using
an arthroscopic or open approach, a specific portion of the
capsule is incised and tightened by imbrication/plication
(overlapping and then suturing) of the redundant tissue.

Capsulolabral reconstruction. Capsulolabral reconstruc-
tion involves arthroscopic or open repair of a capsular lesion
and labral tear by reattaching the labrum to the rim of the
glenoid in combination with capsule stabilization.

Electrothermally assisted capsulorrhaphy. For electrother-
mally assisted capsulorrhaphy using an arthroscopic approach,
thermal energy (laser or radiofrequency) is delivered to the
capsule to shrink identified regions of laxity.91

Postoperative Management
After any joint stabilization or reconstruction procedure, the
emphasis of postoperative management is to restore the balance
among joint stability and functional motion while protecting
the joint capsule and other repaired tissues during healing. The
duration of the immobilization period and the selection and

progression of postoperative exercises and functional activities
depend on factors such as the preoperative direction of the 
instability, the surgical approach, the type of stabilization or re-
construction procedure and tissue fixation used, and the quality
of the patient’s tissue.

Postoperative exercises focus on the following:

■  Restoring ROM, emphasizing active motions within a pro-
tected range during early rehabilitation. Movements that
place stress on the portion of the capsule that was tightened
or repaired are progressed cautiously.

■  Strengthening exercises, when permissible, emphasizing the
function of the dynamic joint stabilizers.

NOTE: Detailed progressions of postoperative exercises after
surgical stabilization of the shoulder are presented in Chapter 17.

Tendon Transfer or Realignment
The transfer or realignment of a muscle-tendon unit alters
the line of pull, potential force generation, and excursion of
the muscle.71 Transfers may be indicated, for example, to im-
prove the stability of an unstable shoulder joint or to stabilize
a chronically dislocating patella. Although a realignment pro-
cedure alters the line of pull, it does not change the action of
the muscle-tendon unit. For instance, after realignment of the
extensor mechanism for recurrent patellar dislocation, the
quadriceps muscle remains a knee extensor.

A tendon transfer from one bony surface to another is some-
times indicated for the patient with a significant neurological
deficit to prevent deformity and improve functional control.71

With this type of procedure, not only is the line of pull of the
muscle-tendon unit altered, but the action of the muscle is also
changed. For example, transfer of the distal attachment of the
flexor carpi ulnaris to the dorsal surface of the wrist changes the
action of the muscle-tendon unit from a wrist flexor to a wrist
extensor. This procedure may be indicated for a child with cere-
bral palsy to prevent wrist flexion contracture and improve 
active wrist extension for functional grasp.71

Procedure
During a typical tendon transfer or realignment procedure,
the distal attachment of the muscle-tendon unit is removed
from its bony insertion and reattached to a different bone, to
a different location on the same bone, or to adjacent soft tis-
sues.62,71,77 The realigned muscle-tendon unit is then immo-
bilized in a shortened position for a period of time.

Postoperative Management
■  As with a tendon repair, early muscle setting and protected

motion are important to maintain tendon gliding. Resisted
movements are progressed cautiously and gradually to pro-
tect the reattached tendon.

■  If the purpose of the transfer was to change the function
of the muscle, biofeedback and electrical muscle stimula-
tion are often used to help a patient learn to control the
new actions of the transferred muscle-tendon unit.77

NOTE: Rehabilitation after tendon transfer for rheumatoid arthri-
tis of the hand and wrist is described in Chapter 19. Chapter 21
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contains information on rehabilitation after realignment of the
patellar tendon for chronic patellofemoral dysfunction.

Release, Lengthening, 
or Decompression of Soft Tissues
Soft tissues may be incised or sectioned to improve ROM, pre-
vent or minimize progressive deformity, or relieve pain. Pro-
cedures include myotomy, tenotomy, or fasciotomy.11,62,77

Surgical release of soft tissues may be indicated for a young
patient with severe arthritis and resulting contractures in
whom joint replacement is not advisable or as a preliminary
procedure in adults prior to joint replacement.13 Releases are
also performed in patients with myopathic and neuropathic
diseases, such as muscular dystrophy and cerebral palsy, to
improve functional mobility.77 Release of soft tissues to
achieve decompression of tissues and relieve pain may be in-
dicated for a patient with an impingement or compartmental
syndrome, such as shoulder impingement or carpal tunnel
syndrome.11,62

Procedure
During release or lengthening of a shortened muscle group,
a portion of the muscle-tendon unit is surgically sectioned
and fibrotic tissues are incised. A tendon also can be partially
incised, as in a Z-lengthening to allow greater extensibility.
The incised structures are then immobilized in a lengthened
position except during exercise.62,77 Some form of splinting
or bracing in the corrected position in conjunction with ex-
ercise is always used postoperatively to maintain the ROM
gained by the procedure.

During decompression procedures, fasciae that are com-
pressing muscles, tendons, or nerves may be released or 
removed. Some decompression procedures also involve 
removal of osteophytes or alteration of bony structures that
are contributing to the excessive pressure on soft tissues.

Postoperative Management
■  CPM and/or active-assistive ROM is typically initiated

within a day or two after surgery. As soft tissue healing pro-
gresses, this is followed by active ROM through the gained
ranges.11,77

■  Strengthening of the antagonists of the lengthened muscle
and functional use within the available ROM are also
started early to maintain active control of movement
within the newly gained range.

Joint Procedures
Orthopedic surgery involving the joints of the upper and
lower extremities is most frequently used for pain manage-
ment and for dysfunction associated with arthritis or acute
injury. Surgical interventions for arthritis range from
arthroscopic joint débridement and lavage or repair of 
a small chondral lesion to total joint replacement arthro-
plasty or joint fusion. An overview of these procedures 
follows.

Arthroscopic Débridement and Lavage
Joint débridement and lavage involves arthroscopic removal
of fibrillated cartilage, unstable chondral flaps, and fragments
of cartilage or bone from a joint.13 Osteophytes also may be
excised. This procedure is most often indicated to relieve joint
pain and “clicking,” “ratcheting,” or “catching” during joint
movement.

Synovectomy
Synovectomy involves removal of the synovial lining of the
joint in the presence of chronic joint inflammation. Typically,
it is performed in patients who have rheumatoid arthritis 
with chronic proliferative synovitis but minimal articular
changes.13,41,61,92 It is indicated when medical management
has failed to alleviate joint inflammation for 4 to 6 months.

Procedure
Synovectomy is usually performed using an arthroscopic ap-
proach and is most commonly performed on the knee, elbow,
wrist, and metacarpophalangeal (MCP) joints.7,13,41,61,92 When
synovium proliferates in the synovial sheaths of tendons, it is
referred to as tenosynovitis. Removal of excessive synovium
from tendon sheaths is known as a tenosynovectomy. This pro-
cedure is most often done for chronic synovitis of the wrist to
clear synovium from the extensor tendons of the hand and is
also called a dorsal clearance procedure.13,61,92

Although synovium tends to regenerate, resection of the
inflamed synovium temporarily relieves pain and swelling
and is thought to protect articular cartilage or tendons from
enzymatic damage secondary to the tenosynovitis.13,41

Postoperative Management
■  If an arthroscopic approach is used, passive or assisted ROM

exercises (or CPM) and muscle-setting exercises are begun
immediately or within 24 hours after surgery. Exercises
quickly progress to active ROM. After synovectomy of the
knee, for example, partial weight bearing as tolerated during
ambulation progresses to full weight bearing by 10 to 14 days.
After wrist or elbow synovectomy, lifting heavy objects is
restricted for several weeks.

■  After open synovectomy, progression of exercises and ADLs
proceeds more slowly than after arthroscopic synovectomy.

■  Progression of the rehabilitation program is based on the
patient’s response to exercise combined with their response
to medication for the primary inflammatory disease. Every
effort should be made to avoid excessive exercise or activity
that could increase joint pain or swelling.7,61,92

Articular Cartilage Procedures
Surgical intervention for repair of articular cartilage defects,
or osteochondral lesions, has proven to be particularly chal-
lenging because of the limited capacity of this type of con-
nective tissue to heal.19,64 However, several procedures for a
symptomatic extremity joint have been developed. Selection
criteria for one procedure over another are based on the size
of the chondral lesion and patient-related factors, such as age
and the ability to participate in the rehabilitation process.
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Procedure
Abrasion arthroplasty, subchondral drilling, and microfrac-
ture. Several arthroscopic procedures are used to promote heal-
ing of small chondral defects in symptomatic joints. These
procedures stimulate a bone marrow-based response that leads
to local ingrowth of fibrocartilage.19,64,82 Lesions of the medial
femoral condyle and the posterior aspect of the patella are most
often treated with these procedures.

Abrasion arthroplasty, also known as abrasion chon-
droplasty, and subchondral drilling involve mechanical dis-
ruption of the articular surface down to the superficial layer
of subchondral bone using a motorized, arthroscopic burr or
drill. The positive effects of these procedures have been ques-
tionable, at best, and possibly no more effective for symptom
relief than arthroscopic débridement alone.19

 FOCUS ON EVIDENCE
A long-term assessment of abrasion arthroplasty for full-
thickness medial femoral condyle cartilage lesions noted that
at 20 years’ post procedure, 68% of the patients reported Knee
Society Scores ≥ 70 or no secondary operation on their knee.
All patients had CPM until hospital discharge, 6 to 8 hours
of CPM per day following discharge, and protected weight
bearing for a minimum of 6 weeks.78 Outcomes at a mean 
of 38.1 months for subchondral drilling of the talus demon-
strated improvements in pain and two separate standardized
outcome measures. Weight bearing in a walking boot was lim-
ited to tolerance for 2 weeks, followed by full weight-bearing
and active exercises.18

NOTE: Despite evidence supporting long-term functional out-
comes after abrasion arthroplasty or subchondral drilling,18,78

the local, tissue-specific benefits may be short-lived. Because
the fibrocartilage replacement tissue lacks the qualities of the
original hyaline cartilage, the new tissue tends to deteriorate
readily after ingrowth.11,19

A newer technique, microfracture of articular cartilage, is de-
signed to repair osteochondral defects smaller than 1.5 cm2. This
procedure involves the use of a nonmotorized arthroscopic awl
to systematically penetrate the subchondral bone and expose
the bone marrow. Initial studies of this procedure suggested that
microfracture relieved symptoms more effectively than abrasion
arthroplasty or subchondral drilling, possibly because using the
nonmotorized instrument reduces the potential for tissue dam-
age due to thermal necrosis.19,64 However, a recent comparison
of microfracture and subchondral drilling for talus osteochon-
dral defects did not find long-term differences in outcomes be-
tween the two procedures.18 A recent systematic review of level
I and II studies of microfracture suggests that this procedure
provides good short-term benefit for younger patients and those
with small defects but that osteoarthritis and failures requiring
additional surgical procedures were frequently reported at long-
term follow-up.36

Chondrocyte transplantation. Chondrocyte transplanta-
tion, also known as autologous chondrocyte implantation
(ACI),34,64 is designed to stimulate growth of hyaline cartilage
for repair of articular cartilage focal defects and to prevent pro-
gressive deterioration of joint cartilage leading to osteoarthri-
tis.12,19,34,63,64 It was introduced during the mid-1990s as an
alternative to abrasion arthroplasty for full-thickness, symp-
tomatic focal chondral and osteochondral defects (2.5 to 
4.0 cm2) of the knee, specifically lesions of the femoral condyles
or patella.12

Chondrocyte transplantation occurs in two stages. First,
healthy articular cartilage is harvested arthroscopically from
the patient. Chondrocytes are extracted from this articular
cartilage, cultured for several weeks, and processed in a labo-
ratory to increase the volume of healthy tissue. The second
stage, currently an open procedure, involves debridement of
the defect sites, covering the site with a periosteal patch, and
injecting millions of autologous chondrocytes into the cov-
ered defect.19 Long-term success for function and patient sat-
isfaction have been reported in up to 82% of patients
following ACI.70

Osteochondral autografts and allografts. Unlike trans-
plantation of chondrocytes, osteochondral grafts involve
transplantation of intact articular cartilage along with some
underlying bone, resulting in a bone-to-bone graft.64 An au-
togenous osteochondral graft procedure harvests a patient’s
own articular cartilage and bone from a donor site.19 As noted
previously (see Box 12.10), a drawback to this type of articular
graft is damage to the donor site, specifically the creation of
an osteochondral defect. To minimize damage to the patient’s
donor site, osteochondral mosaicplasty was developed where
small-diameter osteochondral plugs are retrieved from a
donor site and press-fit into the chondral defect.9

In contrast, an osteochondral allograft procedure trans-
plants intact articular cartilage and bone from a cadaveric
donor. However, only fresh, intact grafts, which are in limited
supply and can be stored for only a few days, can be used. This
is because freezing the graft material prior to storage for later
use destroys the articular chondrocytes and results in graft
failure.

Postoperative Management
Rehabilitation after all of the articular cartilage procedures
described in this section, with the exception of arthroscopic
débridement, is a slow and arduous process.12,19,34,44,63,64 Ex-
ercise is an important aspect of postoperative management
at each stage of rehabilitation. Early passive motion, some-
times with CPM, and protected weight bearing are essential
to promote the maturation and maintain the health of im-
planted chondrocytes or an osteochondral graft. Full weight
bearing is allowable by 8 to 9 weeks. A well-controlled pro-
gram of progressive exercises continues for 6 months to a year
to achieve optimal functional outcomes.334,44

NOTE: More detailed information on rehabilitation after proce-
dures to repair articular cartilage and osteochondral lesions is
presented in Chapter 21.
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Arthroplasty
Any reconstructive joint procedure designed to relieve pain and
improve function is referred to broadly as arthroplasty. This
definition encompasses excision, interposition, and replace-
ment arthroplasty, procedures that may or may not include a
joint implant.

Procedure
Excision arthroplasty. Excision arthroplasty, also known as
resection arthroplasty, involves removing periarticular bone
from one or both articular surfaces. A space is maintained 
between the new surfaces that is filled with fibrotic scar tissue
during the healing process.13,61 Excision arthroplasty is per-
formed to relieve pain in many joints, including the hip,
elbow, wrist, and foot. Although an older and less frequently
used procedure, this type of arthroplasty is still considered
appropriate in select cases. Resection of the head of the radius
for late-stage arthritis of the humeroradial joint22 or a severe
comminuted fracture of the radial head65 and resection of the
distal ulna (Darrach procedure) for late-stage arthritis of the
distal radioulnar joint24 are still used as primary excision pro-
cedures to reduce pain. However, excision arthroplasty of the
hip (Girdlestone procedure) is only used now as a salvage pro-
cedure after a failed total hip replacement when revision
arthroplasty is not feasible.13

Despite the usefulness of excision arthroplasty, there are
also a number of disadvantages:

■  Possible joint instability
■  In the hip, significant leg length discrepancy and poor cos-

metic result because of shortening of the operated extremity
■  Persistent muscular imbalance and weakness

NOTE: Rehabilitation after excision arthroplasty of the radial
head is discussed in Chapter 18.

Excision arthroplasty with implant. For excision arthro-
plasty with implant, an artificial implant is inserted to help
in the remodeling of a new joint. This is sometimes called im-
plant resection arthroplasty.22,61 The implant usually is made
of a flexible silicone material that becomes encapsulated by
fibrous tissue as the joint reforms.

Interposition arthroplasty. Interposition arthroplasty is bio-
logical resurfacing of a joint to provide a new articulating sur-
face. After the involved joint surfaces are débrided, a foreign
material is placed, or interposed, between the two joint sur-
faces.5,61 A variety of materials including fascia tendon, silicone
material, or metal may be inserted between the joint surfaces.

This type of arthroplasty is used most often in young pa-
tients with incapacitating pain and loss of function from se-
vere articular surface deterioration who are not appropriate
for replacement arthroplasty. Some examples of interposi-
tional arthroplasty are resurfacing of the glenoid fossa with
fascia5 and tendon interposition arthroplasty of the car-
pometacarpal (CMC) joint of the thumb.23

Joint replacement arthroplasty. Joint replacement arthro-
plasty includes total joint replacement arthroplasty and

hemireplacement arthroplasty. Total joint replacement is 
a common reconstructive procedure to relieve pain and 
improve function in patients with severe joint degeneration
associated with late-stage arthritis (Fig. 12.2).13,57,61,66

Total joint replacement arthroplasty involves resecting
both articular surfaces and replacing them with artificial com-
ponents. Hemireplacement arthroplasty involves resection
and replacement of only one of the articular surfaces.13,61,66

Hemireplacement is used when only one articulating surface
of a joint has deteriorated and is also an option after femoral
neck and proximal humeral fractures.13

■  Materials, designs, and methods of fixation. Prosthetic
components have been developed and refined for almost
every extremity joint but are used more frequently and suc-
cessfully at the hip and knee than at the smaller joints of the
foot and hand.13,61,66 The materials, designs, and fixation
methods used for replacement arthroplasty are summa-
rized in Box 12.9. Prosthetic implants are made of inert
materials, specifically metal alloys, high-density polyeth-
ylenes (plastics), and sometimes ceramics. Component 
designs range from unconstrained (resurfacing) with no
inherent stability to semiconstrained and fully constrained
(articulated) designs that provide stability to the joint. In 
almost all designs, one articular surface is metal and the other
is plastic. The choice of fixation is based in part on the antic-
ipated loading that will be normally placed on the compo-
nents over time. Cemented fixation, using an acrylic-based
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FIGURE 12.2 Total hip replacement arthroplasty. Both the acetabu-
lar and femoral portions of the joint have been replaced with 
prosthetic components. (From McKinnis, LN: Fundamentals of 
Musculoskeletal Imaging, ed. 4. Philadelphia: F.A. Davis, 2014, 
p 387, with permission.)
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cement (polymethylmethacrylate), tends to eventually break
down at the bone-cement interface, resulting in mechanical
loosening of the implant and pain.13,66,79 Therefore, cemented
fixation is used primarily for older or sedentary patients 
who are unlikely to place high stresses on the implants. 
Bio-ingrowth fixation, a form of cementless fixation, is
achieved by growth of bone into the porous-coated exterior
surface of an implant. It is thought that this form of fixation,
which is advocated for younger, more active patients, is less
likely to loosen over time.13,66,79 Most recently, a nonporous,
cementless prosthetic implant has been developed that is used
with a bioactive compound that stimulates bone growth. Fix-
ation is achieved by a macrointerlock between the implant
and adjacent bone.66

NOTE: Descriptions of implants are reviewed, joint by joint, in
Chapters 17 through 22.

■  Minimally invasive versus traditional arthroplasty. A 
recent advance in joint replacement arthroplasty that may
have a significant impact on postoperative rehabilitation and
outcomes is the development of minimally invasive surgical
techniques with less soft tissue disruption than traditional
arthroplasty. Currently, minimally invasive procedures are
being used for total hip and total knee replacement.4,10,85 Al-
though traditional hip and knee replacement procedures
have provided excellent results for several decades,13,67,79

they impose substantial trauma to skin, muscles, and joint
capsule, leading to significant postoperative pain and pro-
longed postoperative recovery. Compared to surgical tech-
niques for traditional hip and knee replacement, minimally
invasive procedures use smaller skin incisions, less muscle
splitting to expose the joint, and less capsule disruption in
preparation for insertion of prosthetic implants. For exam-
ple, a minimally invasive hip replacement surgery uses one
or two small incisions (<10 cm in length) rather than a sin-
gle longer incision (15 to 30 cm long involving extensive
muscle splitting).10 A 2-year follow-up study indicates that
patients who underwent minimally invasive total knee re-
placement had less pain, better early motion, and a shorter
hospital stay than patients who had standard knee replace-
ment surgery.85 These early patient benefits of minimally
invasive surgery for knee arthroplasty have not translated
to improved functional performance, pain, ROM, or sur-
gical outcomes at either 8 or 12 weeks when compared to
those having a conventional open technique.81,86

■  Contraindications to joint replacement arthroplasty. De-
spite the positive functional outcomes after joint replace-
ment arthroplasty, not every patient with advanced joint
disease is a candidate for these procedures. Contraindica-
tions are noted in Box 12.10.13,61,66 Although opinions vary
as to which of these contraindications are absolute versus
relative, there is general agreement that infection is of the
utmost concern.

Postoperative Management
Postoperative management, including therapeutic exercise in-
terventions, after selected types of joint replacement arthro-
plasty of major joints of the extremities is described in detail
in Chapters 17 through 22.

Arthrodesis
Arthrodesis is surgical fusion of the joint surfaces. It is indi-
cated as a primary surgical intervention in cases of severe joint
pain associated with late-stage arthritis and joint instability in
which mobility of the joint is a lesser concern.8,83 Arthrodesis
of the extremity joints is also reserved for patients with signif-
icant weakness of muscles surrounding a joint as the result of
neurological abnormalities, such as a peripheral neuropathy
of the ankle or a severe brachial plexus injury.62,77 In addition,
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BOX 12.9 Materials, Designs, and Methods 
of Fixation for Joint Replacement
Arthroplasty

Implant Materials
■ Rigid: inert metal (cobalt-chrome alloy, titanium alloy, 

or ceramic)
■ Semirigid: plastic (high-density polymers such as

polyethylene)

Implant Designs
■ Unconstrained (resurfacing): no inherent stability
■ Semiconstrained
■ Fully constrained (articulated): inherent stability

Methods of Fixation
■ Cemented

■ Acrylic cement (polymethylmethacrylate)
■ Noncemented

■ Biological fixation (microscopic ingrowth of bone into 
a porous-coated prosthetic surface)

■ Macrointerlock between a nonporous component 
and bone with a bioactive compound applied to the
component to improve osseous integration

■ Press fit (tight fit between bone and implant)
■ Screws, bolts, or nails

■ Hybrid
■ Noncemented component for one joint surface and

cemented component for opposing joint surface

BOX 12.10 Contraindications to Total Joint
Arthroplasty

■ Active infection in the joint
■ Chronic osteomyelitis
■ Systemic infection
■ Substantial loss of bone or malignant tumors that prohibit

adequate implant fixation
■ Significant paralysis of muscles surrounding the joint
■ Neuropathic joint
■ Inadequate patient motivation
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it may be the only salvage procedure available for a patient
with a failed total joint arthroplasty when revision arthroplasty
is not an option.53

Arthrodesis is used most frequently in the cervical or lum-
bar spine, wrist, thumb, and ankle but also has been used in
the shoulder and hip joints. For example, arthrodesis of one
or more joints of the ankle and foot (Fig. 12.3) is the proce-
dure most often used to relieve pain associated with severe
arthritis.83

The optimal joint position for arthrodesis is somewhat de-
pendent on the functional needs or goals of each patient and
may vary slightly in some joints, such as the elbow and ankle.
For example, the optimal position for elbow fusion in the
dominant upper extremity usually is between 70° and 90°.
However, in the nondominant limb, the elbow must be in
more extension for assistive activities.8 For a woman, the op-
timal position for arthrodesis of the ankle might be in slightly
greater plantarflexion than for a man to allow a woman to
wear shoes with a slightly higher heel height.77 Optimal posi-
tions for arthrodesis are listed in Table 12.2.

Although arthrodesis eliminates pain and creates stability
in the involved joint, it is not without disadvantages. Because
loads and motions needed for functional activities are trans-
ferred to joints above and below the fused joint, there is the
potential that excessive stresses may lead to pain and hyper-
mobility at these joints over time.

Procedure
Fusion of joint surfaces in the position of maximum function
is achieved with internal fixation (i.e., pins, nails, screws,
plates, and bone grafts). Initially, the joint is immobilized in a cast above and below the site of arthrodesis for 6 to 12 weeks

postoperatively. Later, an orthotic device is used until com-
plete bony healing and joint ankylosis has occurred.8

Postoperative Management
■  Because no movement is possible in the fused joint, ROM

and strength must be maintained above and below the 
operated joint.

■  Weight bearing is restricted until there is evidence of bony
healing.

Extra-articular Bony Procedures
Two of the more common reasons for surgical intervention
involving bony structures outside a joint are fractures that 
require open reduction combined with internal fixation and
deformity or malalignment of bone, sometimes associated
with arthritis.

Open Reduction and Internal Fixation 
of Fractures
Fractures are managed with either closed or open reduction.
The process of bone healing and fracture management, 
addressed in Chapter 11, applies regardless of the method of
reduction. In most instances in which open reduction is re-
quired, some type of internal fixation device is used to stabi-
lize and maintain the alignment of the fracture site as it heals.
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FIGURE 12.3 Arthrodesis (surgical fusion with internal fixation 
of the ankle). (From Logerstedt, DS, Smith, HL: Postoperative Manage-
ment of the Foot and Ankle. Independent Study Course 15.2. Postop-
erative Management of Orthopedic Surgeries. Orthopedic Section.
La Crosse, WI: APTA, Inc., 2005, with permission.)

TABLE 12.2 Optimal Positions for Arthrodesis

Joint Position

Shoulder

Elbow

Wrist

MCP of the thumb

Hip

Ankle

Tibiotalar joint

Subtalar joint

Spine

At 15°–30° of abduction and flexion
and 45° of internal rotation: a
position so the hand can reach 
the mouth

Dominant upper extremity: 70°–90°
of flexion and midposition of forearm
pronation/supination; Nondominant
limb: greater elbow extension than
the dominant extremity

Slight extension

At 20° of flexion

At 10°–15° of flexion to allow
ambulation and comfortable sitting

Neutral (90°) or slight equinus for
women who wear low heels

Neutral to valgus

Neutral so normal lordosis or
kyphosis is maintained
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Procedure
After exposing the fracture site during surgery, any number of
internal fixation devices such as pins, nails, screws, plates, or
rods, may be used to align and stabilize the bone fragments.17,77

Intertrochanteric fracture of the femur, for example, is com-
monly stabilized with a compression plate and screws, as shown
in Figure 12.4. After the fracture has healed, a second surgery
may be necessary to remove some or all of the internal fixation
devices because they tend to migrate over time.

Postoperative Management
Maintaining stability of the fracture site so bony healing can
occur and getting the patient up and out of bed as early as
possible are the main postoperative priorities. The progres-
sion of rehabilitation after surgical stabilization of a fracture
is dependent not only on factors such as the type and severity
of fracture and the patient’s age and health status but also on
the method(s) of internal fixation used.

Some fixation methods eliminate the need for additional
external stabilization of the fracture site thereby enabling
the patient to begin assisted or active movement of the 
involved limb and protected weight bearing shortly after
surgery. With other fractures, however, external stabilization
and restricted weight bearing are necessary even with the
use of internal fixation.17,77

During postoperative management, not only must the
fracture site be protected as it heals, soft tissues injuries asso-
ciated with the fracture or the surgery must also be managed
appropriately as they heal.

NOTE: Surgical interventions and postoperative management
after hip fracture are discussed in Chapter 20.

Osteotomy
Osteotomy—the surgical cutting and realignment of bone—
is an extra-articular procedure indicated for the management
of impairments associated with a number of musculoskeletal
disorders. It is most often performed at the knee or hip.13 For
example, osteotomy is used to reduce pain and correct defor-
mity in a young adult with moderate, focal articular degen-
eration in the medial compartment and a varus deformity of
the knee as the result of osteoarthritis40,61 or in a child with
severe hip joint deterioration and pain secondary to congen-
ital dysplasia or Legg-Calvé-Perthes disease (avascular necro-
sis of the head of the femur).62

Cutting and realigning bone near the involved joint
shifts weight-bearing loads to intact joint surfaces, reducing
joint pain and preventing further deterioration of the in-
volved articular cartilage.13,77 It is also thought that redis-
tributing loads on joint surfaces may stimulate the growth
of fibrocartilage in the unloaded compartment of the
joint.25 A successful osteotomy delays the need for total
joint replacement in patients who will most likely require
revision arthroplasty sooner than the average patient with
degenerative arthritis.

Osteotomy is also used to correct angular or rotational
deformities of bone occurring in congenital or developmen-
tal disorders, such as congenital dislocation of the hip, ac-
quired hip dislocation in cerebral palsy, or congenital foot
deformities.77 Osteotomy is also used when surgically short-
ening or lengthening a bone to correct a severe leg length
discrepancy.17,77

Procedure
Numerous procedures are classified as osteotomies. Several
examples are:

■  High tibial, medial or lateral opening, wedge osteotomy with
screw-plate fixation, which is a procedure to correct varus
or valgus deformities, change the mechanical axis of the
knee, and shift the load on joint surfaces in a patient with
unicompartmental degenerative arthritis of the knee.40,47

■  Medial wedge osteotomy of the distal femur to correct a
valgus deformity of the knee and shift weight-bearing loads
away from the deteriorated cartilage in the lateral compart-
ment of the knee.61

■  Intertrochanteric osteotomy of the proximal femur, which
repositions the femoral head to change the area in which
weight bearing occurs for a patient with arthritis or avas-
cular necrosis of the hip.61

■  Periacetabular osteotomy, which repositions the acetabu-
lum, to improve coverage of the head of the femur for a pa-
tient with congenital dysplasia of the hip and recurrent
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FIGURE 12.4 Intertrochanteric fracture of the left femur, fixed with
compression plate and screws. (From McKinnis, LN: Fundamentals of
Musculoskeletal Imaging, ed. 4. Philadelphia, FA Davis, 2014, p 64,
with permission.)
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dislocation that could not be managed effectively by non-
operative methods, such as splinting.77

During an osteotomy, muscles and other soft tissues may
have to be reflected to expose the operative field and then
reattached or repositioned. As with any type of soft tissue 
repair, muscle-tendon units disturbed during surgery must
be protected from excessive stress postoperatively.

Postoperative Management
The primary concern of postoperative management is main-
taining bone-to-bone apposition for healing of the osteotomy
site. Some procedures allow early joint motion and protected
weight bearing because internal fixation maintains apposition
of the osteotomy fragments. Others require additional exter-
nal (cast) stabilization of the joints above and below the 
osteotomy site until bony union occurs, which may take as

long as 8 to 12 weeks.25,61 Full functional recovery after 
osteotomy may take as long as 6 months.

Postoperative exercises, when permissible, include the 
following:

■  If cast stabilization is necessary, the patient can begin 
active ROM of the joints above and below the site of 
the osteotomy to prevent joint stiffness and muscle 
weakness.

■  When motion and weight bearing are allowed, either 
immediately after surgery or when the cast is removed, 
active-assistive and active exercise progressing to light 
resistive exercise is performed to restore joint ROM and
strength. (See the discussion of management of fractures
after immobilization in Chapter 11.)

■  Weight bearing is typically protected for 4 to 6 weeks 
or more.
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Independent Learning Activities

Critical Thinking and Discussion
1. You have been asked to develop two preoperative patient

education programs for groups of individuals scheduled
for surgery—a total hip arthroplasty group and a total
knee arthroplasty group. What topics should be covered in
your presentations? Why are these topics important for
prospective patients to understand? How will the two pro-
grams be similar? How will the programs differ?

2. You are treating an elderly patient for the first time who
underwent an open reduction with internal fixation of a
proximal femur fracture 24 hours ago. What are the prior-
ities of your initial examination of this patient? What is the
general emphasis of postoperative management, including
goals and interventions, during the maximum, moderate,
and minimum protection phases of recovery?

3. What is the role of the physical therapist in the overall pre-
vention or management of a lower extremity DVT? What
are the signs and symptoms of DVT that a patient at risk

for this problem must learn to recognize? If you suspect
that a patient you are treating has developed a DVT fol-
lowing lower extremity orthopedic surgery, what questions
should you ask the patient? What should you do before
contacting the patient’s physician?

4. Briefly describe the various surgical interventions for re-
pair of articular cartilage. Describe the pros and cons of
each intervention and the long-term results.

5. Differentiate among the following types of soft tissue or
bony surgeries primarily used in the management of arthri-
tis: arthrodesis, arthroplasty, articular cartilage repair,
débridement, and osteotomy. Briefly describe each surgery
and compare and contrast the postoperative management
with respect to the use of therapeutic exercise.

6. Discuss the similarities and differences of postoperative
management for the following soft tissue surgeries: muscle
repair, tendon repair, tendon transfer, ligament reconstruc-
tion, repair of a joint capsule, tenotomy or myotomy, and
decompression.
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Therapeutic exercise and related manual therapy techniques
would not be possible without the nervous system and all its
components activating, controlling, and modifying motor re-
sponses as well as receiving and interpreting feedback from
the variety of sensory receptors throughout the body. Because
of their intimate proximity to all the structures in the trunk
and extremities, nerves may become stressed or injured with
various musculoskeletal conditions, postures, and repetitive
microtraumas, resulting in neurological symptoms, structural
and functional impairments, activity limitations, and partic-
ipation restrictions. Highlights of the anatomy and results 
of injury to the peripheral nervous system are reviewed in 
the first section of this chapter for the purpose of laying the

foundation for management guidelines, including therapeutic
exercise and manual therapy interventions, that are described
in the remainder of the chapter. In the treatment of patients
with musculoskeletal impairments, often the therapist does
not think of the components of the central nervous system.
Even though this chapter primarily deals with the peripheral
nervous system, acknowledgment that the central nervous
system plays a key role in the initiation and control of move-
ment is a must. The reader is referred to Chapter 8 for con-
sideration of motor control in the total rehabilitation of the
individual with musculoskeletal involvement.

The development of a plan of care and intervention tech-
niques differs for patients with impairments due to nerve 
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involvement. Nerve injuries may result in significant activity
limitations and participation restrictions due to paralysis and
resulting deformity. Utilizing the principles presented in this
chapter, along with the knowledge and skills of examination
and evaluation of the neural, muscular, and skeletal systems,
the reader should be able to design therapeutic exercise pro-
grams for patients with limitations due to injury or mobility
restrictions of the peripheral nervous system. Several peripheral
nerve entrapment conditions are described in order to illustrate
therapeutic interventions, including thoracic outlet syndrome
and carpal tunnel syndrome. Also included in this chapter is a
section on complex regional pain syndrome (CRPS). 

Review of the Peripheral
Nervous System

Nerve Structure
Peripheral components of the neuromuscular system include
the alpha and gamma motor neurons, their axons, and the
skeletal muscles they innervate; the sensory neurons and their
receptors located in the connective tissues, joints, and blood
vessels; and the neurons of the autonomic nervous system.
Connective tissue surrounds each axon (endoneurium) as
well as fascicles (perineurium) and entire nerve fibers
(epineurium).3,78 The axolemma is the surface membrane of
an axon. Schwann cells lie between the axolemma and en-
doneurium; they form myelin, which functions to insulate the
axon as well as speed the conduction of action potentials
along the nerve fiber. The exceptions are very small fibers that
are unmyelinated. A peripheral nerve may consist of a single
fascicle or consist of several fascicles. The structure of a pe-
ripheral nerve with its connective tissue and vascular layers is
illustrated in Figure 13.1, and the location of their cell bodies
and structures innervated are summarized in Box 13.1.

Mobility Characteristics 
of the Nervous System
In 1991, David Butler,15 one of the original therapists to study
neurodynamics, described the peripheral and central nervous
systems as a continuous tissue tract; simply stated, the tract
is like an H on its side. Structurally and functionally, there is
continuity of the connective tissues, the impulse transmission
between the neurons, and the chemical flow of neurotrans-
mitters. The nervous system is designed to move as well as
withstand mechanical forces, while at the same time conduct
impulses. 

Nerves slide and glide relative to the adjacent tissue, both
longitudinally and transversely. Excursion of the nerve 
is critical to neural function because it serves to dissipate
tension within the neural system. Initially, excursion occurs
adjacent to the moving joint, but excursion of the nerve pro-
gresses more distally from the moving joint as limb movement
continues.61,71,79

Substantial mobility in the nervous system is needed for
an individual to move during functional activities. With
movement of an extremity, before there is increased tension
in the nerve itself, the whole peripheral nerve moves, and
there is movement between connective tissues and neural
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FIGURE 13.1 Peripheral nerve and its connective tissue coverings.

BOX 13.1 Content of Peripheral Nerves 
and Location of Their Cell Bodies

Peripheral nerves contain a mix of motor, sensory, and
sympathetic neurons.

■ Alpha motor neurons (somatic efferent fibers): cell bodies
located in anterior column of spinal cord; innervate skeletal
muscles

■ Gamma motor neurons (efferent fibers): cell bodies located
in lateral columns of spinal cord; innervate intrafusal
muscle fibers of the muscle spindle

■ Sensory neurons (somatic afferent fibers): cell bodies located
in the dorsal root ganglia; innervate sensory receptors

■ Sympathetic neurons (visceral afferent fibers): cell bodies
located in sympathetic ganglia; innervate sweat glands,
blood vessels, viscera, and glands
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tissues. This mobility is allowed without undue stress on the
nerve tissue because:

■  The arrangement of the spinal cord, nerve roots, and plexes
allows mobility. If any part of the nervous system is placed
under tension, the force can be dissipated throughout the
system and neural ischemia is avoided.

■  The connective tissue around the individual nerves and
bundles of nerves (epineurium, perineurium, and en-
doneurium) absorb tensile forces before the nerve itself
stretches.

■  The perineurium specifically, the primary guard against ex-
cessive tension, allows for 18% to 22% strain before failure
due to its longitudinal strength and elasticity.

Cadaveric and in vivo ultrasound studies of median nerve
mobility and strain have shown nerve movement of 0.1 and
12.5 mm depending on the position and motion of each of
the joints in the upper extremity and neck, 0.1 and 4.0 mm
for the ulnar nerve, 0.7 and 5.2 mm for the tibial nerve, and
0.1 and 3.5 mm for the sciatic nerve, as well as a wavy appear-
ance when on a slack (unloaded) and a straightening of the
nerve when under tension.19,25,72 Strain calculated in the
stretch position (see upper limb neurodynamic test for the
median nerve described in the section on peripheral nerve
impairments later in this chapter) was 2.5% to 3.0%.25,72

Common Sites of Injury to Peripheral
Nerves
Compression and/or injury to the nerves of the peripheral
nervous system can occur anywhere along the pathway from
the nerve roots to their termination in the tissues of the trunk
and extremities. As each nerve courses from the intervertebral
foramina to its peripheral destination, there are sites that in-
crease its susceptibility to either tension or compression.
Symptoms and signs of nerve impairments are sensory
changes or loss and motor weakness in the distribution of the
involved nerve fibers. Because nerves are composed of inner-
vated connective tissue and because blood vessels surround
the axons, ischemic pain or tension pain may occur when these
tissues are stressed. Also, because peripheral nerves include
sympathetic fibers, autonomic responses might occur. When-
ever neurological symptoms and signs are present, the entire
nerve should be tested for mobility and signs of compression
at key points along its pathway.

In this section, primary sites of compression, stress, or in-
jury are identified for the peripheral nerves in the upper and
lower quarter regions including their origins at the nerve
roots and pathways through each of the plexuses.

Nerve Roots
Nerve roots emerge from the spinal canal and traverse the
foramina of the spine, where they can become impinged as a
result of various pathologies of the spine that reduce the space
in the foramina, such as degenerative disc disease, degenerative
joint disease, disc lesions, and spondylolisthesis. With reduced
spinal canal or foraminal space (stenosis), extension, side
bending, or rotation of the vertebra to the side of the stenosis

further decreases the space where the nerve root courses and
may cause or perpetuate symptoms. If adhesions place com-
pression or stress on a nerve root, nerve mobility tests 
(described later in this chapter) can reproduce symptoms
when the spine is side-bent (laterally flexed) away from the
side causing the symptoms. When involved, symptoms and
signs include sensory changes and/or loss of motor function
in the respective dermatome and myotome patterns (Fig. 13.2
and Box 13.2). Nerve roots of the upper quarter include C5
through T1 and those of the lower quarter L1 through S3.
Management guidelines for individuals with nerve root symp-
toms are described in Chapter 15.

Brachial Plexus
After emerging from the foramina, the nerve fibers divide into
anterior and posterior primary rami. Vasomotor fibers from the
sympathetic trunk join the anterior primary rami to course
within the brachial plexus and peripheral nerves to the extrem-
ities. The brachial plexus is formed by the anterior primary divi-
sions of the C5–T1 nerve roots (Fig. 13.3). The plexus functions
as the distribution center for organizing the contents of each 
peripheral nerve. In addition, Butler16 suggested that the weave
pattern in the brachial plexus contributes to the mobility of the
nerves such that when tension is placed on any one peripheral
nerve, the tension is transmitted to several cervical nerve roots
rather than just one nerve root.

The brachial plexus courses through the region known as
the thoracic outlet. There are three primary sites for compres-
sion or entrapment of the neurovascular structures in this 
region (see Fig. 13.19 later in this chapter).

■  Interscalene triangle: bordered by the anterior and middle
scalene muscles and first rib. It contains the subclavian 
artery and the upper, middle, and lower trunks of the brachial
plexus.

■  Costoclavicular space: between the clavicle, the subclavius
muscle, and the costocoracoid ligament anteriorly and the
first rib and the anterior and middle scalene muscles pos-
teriorly. This space contains the subclavian vessels and the
divisions of the brachial plexus.

■  Retropectoralis minor space: inferior to the coracoid process,
anterior to the second through fourth ribs, and posterior
to the pectoralis minor. This space contains the cords of
the brachial plexus and the axillary artery and vein.

■  Structural anomalies, such as a cervical rib, an elongated
C7 transverse process, or malunion of a clavicular fracture,
may compress or entrap a portion of the plexus as well.

When vascular and/or neurological symptoms are caused
by compression in the thoracic outlet, it is commonly referred
to as thoracic outlet syndrome. Characteristics of this syn-
drome and management guidelines are described later in the
chapter.

Other injuries to the brachial plexus include:

■  Upper plexus injuries (C5, 6): The most common injury
to the plexus involves compression or tearing of the upper
trunk. The mechanism involves shoulder depression and
lateral flexion of the neck to the opposite side. There is loss
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of abduction and lateral rotation of the shoulder and weak-
ness in elbow flexion and forearm supination (waiter’s tip
position). Erb’s palsy occurs with birth injuries when the
shoulder is stretched downward, although Benjamin5 cau-
tioned that there are maternal and infant factors that could
contribute to this injury in addition to the forces applied
during delivery. A “stinger” occurs with injuries that might
be sustained when a football player lands on the upper
torso and shoulder with the head/neck laterally flexed in
the opposite direction.

■  Middle plexus injuries (C7): Rarely seen alone.
■  Lower plexus injuries (C8, T1): Usually due to compres-

sion by a cervical rib or stretching the arm overhead.
Klumpke’s paralysis (paralysis of the intrinsics of the hand)
occurs in birth injuries when the baby presents with its arm
overhead.5

■  Complete or total injury of the plexus: Complete paralysis
from a total brachial plexus injury may occur as a compli-
cation of birth; it is known as Erb-Klumpke’s paralysis and
is associated with Horner’s syndrome in one-third of those
severely affected.5
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FIGURE 13.2 Dermatomes—anterior and posterior views.

BOX 13.2 Key Muscles for Testing Upper 
and Lower Quarter Myotomes52

Upper Quarter
C1–2          Cervical flexion
C3              Cervical side flexion
C4              Scapular elevation
C5              Shoulder abduction
C6              Elbow flexion and wrist extension
C7              Elbow extension and wrist flexion
C8              Thumb extension
T1              Finger abduction

Lower Quarter
L1–2           Hip flexion
L3              Knee extension
L4              Ankle dorsiflexion
L5              Big toe extension
S1              Ankle eversion and plantar flexion, hip extension
S2              Knee flexion
S3              No specific test action; intrinsic foot muscles

(except abductor hallucis)
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Peripheral Nerves in the Upper Quarter
The brachial plexus terminates in five primary peripheral
nerves that are responsible for innervating the tissues of the
upper extremity: (1) musculocutaneous, (2) axillary, (3) me-
dian, (4) ulnar, and (5) radial nerves. Common sites for
compression or tension injuries for each of the nerves are
described in this section. The patterns of muscle weakness
and primary impairments with peripheral nerve injuries in
the upper quarter are summarized in a table that is available
on the FA Davis web site associated with this text (see ONL
Table 13.1)

Axillary Nerve: C5, 6
The axillary nerve (Fig. 13.4) emerges from the posterior cord
of the brachial plexus; it passes laterally through the axilla,
sends a branch to the teres minor muscle, courses behind the
surgical neck of the humerus, and innervates the deltoid mus-
cle and overlying skin. The axillary nerve is vulnerable to in-
jury with dislocation of the shoulder and fractures of the
surgical neck of the humerus. If the upper trunk of the
brachial plexus is stretched or injured, it affects the function
of the axillary nerve. Shoulder abduction and lateral rotation
are impaired when this nerve is affected.

Musculocutaneous Nerve: C5, 6
The musculocutaneous nerve (Fig. 13.4) emerges from the
lateral cord of the brachial plexus and crosses the axilla with
the median nerve; it pierces and innervates the coraco-
brachialis and then travels distally to innervate the biceps and
brachialis muscles. It continues between these muscles to the
flexor surface of the elbow; after emerging from the deep fas-
cia at the elbow, it becomes the lateral cutaneous nerve of the
forearm. Isolated impingement of this nerve is not common;
injury to the lateral cord or the upper trunk of the brachial

plexus affects the musculocutaneous nerve. When affected,
the patient is unable to flex the elbow with the forearm
supinated and may have some instability in the shoulder.

Median Nerve: C6–8
Bundles from the medial and lateral cords of the brachial
plexus unite in the uppermost part of the arm to form the
median nerve (Fig. 13.5). The median nerve courses the me-
dial aspect of the humerus to the elbow, where it is deep in
the cubital fossa under the bicipital aponeurosis, medial to
the tendon of the biceps and brachial artery; it then moves
into the forearm between the two heads of the pronator teres
muscle. Hypertrophy of this muscle can compress the median
nerve, producing symptoms that mimic carpal tunnel syn-
drome except that the forearm muscles (pronator teres, wrist
flexors, extrinsic finger flexors) are involved in addition to the
intrinsic muscles.

To enter the hand, the median nerve passes through the
carpal tunnel at the wrist with the flexor tendons. The carpal
tunnel is covered by the thick, relatively inelastic transverse
carpal ligament. Entrapment of the median nerve in the tun-
nel, called carpal tunnel syndrome, causes sensory changes
and progressive weakness in the muscles innervated by the
median nerve distal to the wrist. Characteristics of this syn-
drome and management guidelines are described later in the
chapter. 

Ulnar Nerve: C8, T1
The ulnar nerve (Fig. 13.6) emerges from the medial cord of
the brachial plexus at the lower border of the pectoralis minor
and descends the arm along the medial side of the humerus.
It passes posterior to the elbow joint in the groove between
the medial epicondyle of the humerus and the olecranon of
the ulna. The groove is covered by a fibrous sheath that forms
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the cubital tunnel. The nerve possesses considerable mobility
to stretch around the elbow as it flexes, although the nerve
can be easily irritated or entrapped at the elbow owing to its
superficial location and anatomic arrangement.28 It then
passes between the humeral and ulnar heads of the flexor
carpi ulnaris muscle, another site where impingement could
occur.28 The extrinsic muscles innervated by the ulnar nerve
are the flexor carpi ulnaris and ulnar half of the flexor digito-
rum profundus.

The ulnar nerve enters the hand through a trough formed
by the pisiform bone and hook of the hamate bone and is cov-
ered by the volar carpal ligament and palmaris brevis muscle,
forming the tunnel of Guyon. Trauma or entrapment in this 
region causes sensory changes and progressive weakness of mus-
cles innervated distal to the site, resulting in a partial claw-hand
deformity. Injury to the nerve after it bifurcates leads to partial
involvement, depending on the site of injury.27,28 Characteristics
of ulnar nerve impingement in the tunnel and management
guidelines are described later in the chapter.

Radial Nerve: C6–8, T1
The radial nerve (Fig. 13.7) emerges directly from the posterior
cord of the brachial plexus at the lower border of the pectoralis

minor. As it descends the arm, it winds around the posterior
aspect of the humerus in the spiral groove between the lateral
and medial heads of the triceps muscle and continues to the
radial aspect of the elbow. In the arm it innervates the triceps,
anconeus, and upper portion of the extensor and supinator
group of the forearm. Injury to this nerve may occur with
shoulder dislocations and midshaft humeral fractures. Also
known to all therapists is “crutch palsy,” a condition of nerve
compression caused by leaning on axillary crutches. “Saturday
night palsy” occurs when sleeping with the person’s head on the
arm that is slung over the back of a chair or open car window.
The triceps is involved only if the compression or injury to the
nerve occurs close to the axilla. At the elbow, the radial nerve
pierces the lateral muscular septum anterior to the lateral
epicondyle and passes under the origin of the extensor carpi 
radialis brevis; it then divides into a superficial and a deep
branch. The deep branch may become entrapped as it passes
under the edge of the extensor carpi radialis brevis and the 
fibrous slit in the supinator, causing progressive weakness in 
the wrist and finger extensor and supinator muscles (except the
extensor carpi radialis longus, which is innervated proximal 
to the bifurcation). Impingement may occur here and may be
erroneously called tennis elbow (lateral epicondylosis—see
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postganglionic sympathetic fibers from the sympathetic chain
that innervate blood vessels, sweat glands, and piloerector
muscles in the lower extremity. Isolated injuries to the lumbar
plexus or sacral plexus are not common; symptoms more
commonly arise from disc lesions or spondylitic deformities
that affect one or more nerve roots or from tension or com-
pression of specific peripheral nerves.

Peripheral Nerves in the Lower Quarter
The lumbosacral plexus terminates in three primary periph-
eral nerves, which are responsible for innervating the tissues
of the lower extremity. They are the femoral and obturator
nerves from the lumbar plexus and the sciatic nerve from the
sacral plexus. Common sites for compression or tension in-
juries are described in this section. The patterns of muscle
weakness with peripheral nerve injuries in the lower quarter
and primary impairments are summarized in a table that is
available on the FA Davis website associated with this text
(see ONLINE Table 13.2).

Femoral Nerve: l2–4
The femoral nerve (Fig. 13.9) arises from the three poste-
rior divisions of the lumbar plexus. It emerges from the lat-
eral border of the psoas muscle superior to the inguinal
ligament and descends underneath the ligament to the
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Chapter 18). The deep branch passes around the neck of the
radius and may be injured with a radial head fracture. The 
superficial radial nerve may undergo direct trauma that causes
sensory changes in the distribution of the nerve.

The radial nerve enters the hand on the dorsal surface as
the superficial radial nerve, which is sensory only; therefore,
injury to it in the wrist or hand does not cause any motor
weakness. The influence of the radial nerve on hand muscu-
lature is entirely proximal to the wrist. Injury proximal to the
elbow results in wrist drop and inability to actively extend the
wrist and fingers. This affects the length-tension relationship
of the extrinsic finger flexors, resulting in an ineffective grip
unless the wrist is splinted in partial extension. Injury to the
radial nerve in the proximal forearm affects only the supina-
tor muscle and extrinsic abductor and extensor pollicis longus
muscles.47

Lumbosacral Plexus
The lumbar plexus is formed by the anterior primary divisions
of the nerve roots L1, L2, L3, and part of L4 (Fig. 13.8 A); the
sacral plexus is formed from L4, L5, S1, and parts of S2 and S3
(Fig. 13.8 B). As with the brachial plexus, the branches and di-
visions of the lumbosacral plexus organize the content of each
of the peripheral nerves coursing into the lower extremity. 
In addition, the anterior primary rami of the plexus receive
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femoral triangle, lateral to the femoral artery, to innervate
the sartorius and quadriceps muscle group. The iliopsoas
is supplied superior to the ligament. Injuries to the nerve
may occur with trauma, such as fractures of the upper
femur or pelvis, during reduction of congenital dislocation
of the hip, or from pressure during a forceps labor and 
delivery—resulting in weakness of hip flexion and loss of
knee extension. Symptoms may occur from neuritis in 
diabetes mellitus.

Obturator Nerve: l2–4
The obturator nerve (Fig. 13.9) arises from the three anterior
divisions of the lumbar plexus. It descends through the obtu-
rator canal in the medial obturator foramen to the medial side
of the thigh to innervate the adductor muscle group and ob-
turator externus. Isolated injury to this nerve is rare, although
uterine pressure and damage during labor may cause the in-
jury. If damaged, adduction and external rotation of the thigh
are impaired, with the individual having difficulty crossing his
or her legs.

Sciatic Nerve: l4, 5; S1–3
The sciatic nerve (Fig. 13.10) emerges from the sacral plexus
as the largest nerve in the body; its component parts—the tib-
ial and common peroneal nerves—can be differentiated in
the common sheath. Muscles in the buttock region (external
rotators and gluteal muscles) are innervated by small nerves
from the sacral plexus, which emerge proximal to formation
of the sciatic nerve. The sciatic nerve exits the pelvis through
the greater sciatic foramen and typically courses below, al-
though sometimes through, the piriformis muscle. Piriformis

syndrome may occur from a shortened muscle, causing com-
pression and irritation of the nerve at this site. The nerve is
protected under the gluteus maximus as it courses between
the ischial tuberosity and greater trochanter, although injury
may occur in this region with hip dislocation or reduction.
The tibial portion of the sciatic nerve innervates the biartic-
ular hamstring muscles and a portion of the adductor mag-
nus; the common peroneal portion innervates the short head
of the biceps femoris. Proximal to the popliteal fossa, the sci-
atic nerve terminates when the tibial and common peroneal
nerves emerge as separate structures.

Tibial/Posterior Tibial Nerve: L4, 5; S1–3
The tibial nerve (Fig. 13.10) forms from the anterior primary
rami of the sacral plexus, courses with the common peroneal
nerve as the sciatic nerve, and then emerges as a separate
nerve proximal to the popliteal fossa. After coursing through
the popliteal fossa, it sends a branch that joins a branch from
the common peroneal nerve to form the sural nerve and con-
tinues on as the posterior tibial nerve. In the leg, it innervates
the muscles of the posterior compartment, including the
plantar flexors, popliteus, tibialis posterior, and extrinsic toe
flexors.

In its approach to the foot, the nerve occupies a groove 
behind the medial malleolus along with the tendons of the
tibialis posterior, flexor hallucis longus, and flexor digitorum
longus; the groove is covered by a ligament, forming a tunnel.
Entrapment, usually from a space-occupying lesion, is known
as tarsal tunnel syndrome. The nerve then divides into the 
medial and lateral plantar and calcaneal nerves.
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Plantar and calcaneal nerves. The plantar and calcaneal
nerves may become entrapped as they turn under the medial
aspect of the foot and pass through openings in the abductor
hallucis muscle, especially with overpronation of the foot,
which stresses the nerves against the fibrous-edged openings
in the muscle. Symptoms elicited are similar to acute foot
strain (tenderness at the posteromedial plantar aspect of the
foot), painful heel (inflamed calcaneal nerve), and pain in a
pes cavus foot. The medial and lateral plantar nerves inner-
vate all the intrinsic muscles of the foot except the extensor
digitorum brevis. The innervation pattern of the lateral plan-
tar nerve in the foot corresponds to the ulnar nerve in the
hand, and the medial plantar nerve corresponds to the median

nerve. Weakness and postural changes in the foot, such as pes
cavus and clawing of the toes, may occur with nerve compres-
sion or injury.

Common Peroneal Nerve: L4, 5; S1, 2
After it bifurcates from the sciatic nerve in the knee region,
the common peroneal nerve (Fig. 13.11) passes between the
biceps femoris tendon and lateral head of the gastrocnemius
muscle, sends a branch to join the tibial nerve and form the
sural nerve, and then comes laterally around the fibular neck
and passes through an opening in the peroneus longus mus-
cle. Pressure or force against the nerve in this region can cause
neuropathy, including sensory changes and weakness in the
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muscles of the anterior and lateral compartments of the leg.
Injury also occurs subsequent to fracture of the head of the
fibula, from rupture of the lateral collateral ligament of the
knee, or from a tightly applied cast. Also, most people have
experienced their foot “falling asleep” from sustained pressure
when crossing their legs. The common peroneal nerve bifur-
cates just below the neck of the fibula into the superficial and
deep peroneal nerves.

Superficial peroneal nerve. The superficial peroneal nerve
descends along the anterior part of the fibula, innervating the
peroneus longus and brevis muscles, and continues on with
cutaneous innervations. Injury to just this nerve primarily 
affects eversion. Over time, equinovarus may develop from
unopposed inversion.

Deep peroneal nerve. The deep peroneal nerve descends
the leg along the interosseous membrane and distal tibia, in-
nervating the ankle dorsiflexors, toe extensors, and peroneus

tertius. In the foot, it innervates the extensor digitorum bre-
vis. Injury to the deep peroneal nerve results in foot drop and
unopposed eversion during gait. Over time, pes valgus may
develop.

Impaired Nerve Function

Nerve Injury and Recovery

Peripheral nerve injury may result in motor, sensory, and/or
sympathetic impairments. In addition, pain may be a symp-
tom of nerve tension or compression because the connective
tissue and vascular structures surrounding and in the periph-
eral nerves are innervated and the peripheral nerve function
is sensitive to hypoxic states. Knowing the mechanism of in-
jury and the clinical signs and symptoms helps the clinician
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determine the potential outcome for the patient and develop
a plan of care.38,71,74

Mechanisms of Nerve Injury
Nerves are mobile and capable of withstanding considerable
torsion and lengthening owing to their arrangement. Yet, they
are susceptible to various types of injury and malfunction 
including:13,71,74

■  Compression (sustained pressure applied externally, such
as tourniquet, or internally, such as from bone, tumor,
edema, or soft tissue impingement resulting in mechanical
or ischemic injury).

■  Laceration (knife, gunshot, surgical complication, or injec-
tion injury).

■  Stretch (excessive tension or tearing from traction forces).
■  Radiation.
■  Electricity (lightning strike or electrical malfunction).
■  Injection (local anesthesia, steroids, or antibiotics).

Injury may be complete or partial and produces symptoms
based on the location of the insult.

Biomechanical injuries to the peripheral nervous system
are most commonly the result of friction, compression, and
stretch.13,16,71 Secondary injury can be from blood or edema.
Compressive forces can affect the microcirculation of the
nerve, causing venous congestion and reduction of axoplasmic

transport,53,71 thus blocking nerve impulses; if sustained, the
compression can cause nerve damage. The endoneurium helps
maintain fluid pressure and may provide cushioning for
nerves, especially when the nerves are close to the surface and
subject to greater pressure.

The insult can be acute from trauma or chronic from
repetitive trauma or entrapment. Sites where a peripheral
nerve is more vulnerable to compression, friction, or tension
include tunnels (soft tissue, bony, fibro-osseus), branches of
the nervous system (especially if the nerve has an abrupt
angle), points at which a nerve is relatively fixed when passing
close to rigid structures (across a bony prominence), and at
specific tension points.

Response to injury can be pathophysiological or pathome-
chanical, leading to symptoms derived from adverse tension
on the nervous system. Results may be intraneural and/or 
extraneural.16

■  Intraneural. Pathology that affects the conducting tissues
(e.g., hypoxia or demyelination) or connective tissues of the
nerve (e.g., scarring of epineurium or irritation of dura
mater) may restrict the elasticity of the nervous system itself.

■  Extraneural. Pathology that affects the nerve bed (e.g.,
blood), adhesions of epineurium to another tissue (e.g., a
ligament), and swelling of tissue adjacent to a nerve (e.g.,
foraminal stenosis) may restrict the gross movement of the
nervous system in relation to surrounding tissues.

Classification of Nerve Injuries
Nerve injuries are classified using either the Seddon or Sun-
derland classification systems; both are based on structural and
functional changes that occur in the nerve with various de-
grees of damage.3,33,38,62,75,78 These systems describe the degree
of injury to nerve substructures and the effect on prognosis.
Seddon’s system describes three levels of pathology: neuro-
praxia, axonotmesis, and neurotmesis. Sunderland’s classifi-
cation details five levels of injury and potential for recovery.
The characteristics of Seddon’s classification of nerve injuries
are summarized in Box 13.3 and are compared with Sunder-
land’s classification in Figure 13.12.

Recovery From Nerve Injuries
Nerve tissue that has become irritated from tension, compres-
sion, or hypoxia may not have permanent damage and shows
signs of recovery when the irritating factors are eliminated.16

When the nerve has been injured, recovery is dependent on
several factors, including the extent of injury to the axon and
its surrounding connective tissue sheath, the nature and level
of the injury, the timing and technique of the repair (if nec-
essary), and the age and motivation of the person.13,74

■  Nature and level of injury. The more damage to the nerve
and tissues, the more tissue reaction and scarring occur. Also,
the proximal aspect of a nerve has greater combinations of
motor, sensory, and sympathetic fibers, so disruption there
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results in a greater chance of mismatching the fibers, thus
affecting regeneration. Regeneration is often said to occur at
a rate of 1 mm per day, but rates from 0.5 to 9.0 mm per day
have been reported based on the nature and severity of the
injury, duration of denervation, condition of the tissues, and
whether surgery is required.3,13,62

■  Timing and technique of repair. Laceration or crush in-
juries that disrupt the integrity of the entire nerve require

surgical repair. For optimal nerve regeneration, timing of
the repair is critical, as are the skill of the surgeon and the
technique used to align the segments accurately and avoid
tension at the suture line. Different regenerative potential
outcomes following nerve repair have also been reported
based on groupings of specific nerves.3,38,74

■ Excellent regenerative potential: radial, musculocuta-
neous, and femoral nerves
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BOX 13.3 Seddon’s Classification and Characteristics of Nerve Injury3,33,38,61,75,78

Neuropraxia
■ Segmental demyelination
■ Action potential slowed or blocked at point of demyelination;

normal above and below point of compression
■ Muscle does not atrophy; temporary sensory symptoms
■ The result of mild ischemia from nerve compression or traction
■ Recovery is usually complete

Axonotmesis
■ Loss of axonal continuity but connective tissue coverings

remain intact
■ Wallerian degeneration distal to lesion
■ Muscle fiber atrophy and sensory loss

■ The result of prolonged compression or stretch causing
infarction and necrosis

■ Recovery is incomplete—surgical intervention may be required

Neurotmesis
■ Complete severance of nerve fiber with disruption of

connective tissue coverings
■ Wallerian degeneration distal to lesion
■ Muscle fiber atrophy and sensory loss
■ The result of gunshot or stab wounds, avulsion, rupture
■ No recovery without surgery—recovery depends on surgical

intervention and correct regrowth of individual nerve fibers in
endoneural tubes
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FIGURE 13.12 Comparison of Sunderland’s and Seddon’s classifications of nerve injuries. (1) First degree injury (neuropraxia): minimal struc-
tural disruption—complete recovery; (2) second degree (axonotmesis): complete axonal disruption with wallerian degeneration—usually 
complete recovery; (3) third degree (may be either axonotmesis or neurotmesis): disruption of axon and endoneurium—poor prognosis with-
out surgery; (4) fourth degree (neurotmesis): disruption of axon, endoneurium, and perineurium—poor prognosis without surgery; (5) fifth 
degree (neurotmesis): complete structural disruption—poor prognosis without microsurgery.74
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■ Moderate regenerative potential: median, ulnar, and tibial
nerves

■ Poor regenerative potential: peroneal nerve
■  Age and motivation of the patient. The nervous system

must adapt and relearn use of the pathways once regenera-
tion occurs. Motivation and age play a role in this, especially
in the very young and the elderly.74

Outcomes of Nerve Regeneration
Smith74 described five possible outcomes of nerve regeneration.

1. Exact reinnervation of its native target organ with return
of function

2. Exact reinnervation of its native target organ but no return
of function due to degeneration of the end organ

3. Wrong receptor reinnervated in the proper territory; there-
fore, improper input

4. Receptor reinnervation in wrong territory causing false 
localization of input

5. No connection with an end organ

Management Guidelines: Recovery
from Nerve Injury
In general, recovery from nerve injury can be viewed as occur-
ring in three phases.

■  Acute phase. This is early after injury or surgery when the
emphasis is on healing and prevention of complications.

■  Recovery phase. This is when reinnervation occurs. Em-
phasis is on retraining and re-education.

■  Chronic phase. This occurs when the potential for reinner-
vation has peaked, and there are significant residual
deficits. The emphasis is training compensatory function.

Effective management must consider not only nerve healing,
but also connective tissue healing in general (see Chapter 10).

Management guidelines for the three phases of recovery from
peripheral nerve injury are summarized in Box 13.4.

Acute Phase
Following injury or immediately after surgery (e.g., following
decompression and release or following repair of a lacerated
nerve), there may be a period of immobilization for a mini-
mum of 3 weeks to protect the nerve, minimize inflammation,
and minimize compression or traction at the injured/repaired
site. The specific orthosis or position of the orthosis will depend
on the nerve injured or repaired. Encourage active movement
of uninvolved joints immediately. As soon as allowed, begin:

■  Pain and edema management. Elevation, compression,
and use of modalities (transcutaneous electrical nerve
stimulation [TENS], high voltage galvanic stimulation
[HVGS]) to wean off medications.

■  Movement. Begin range of motion (ROM) of uninvolved
joints to minimize joint and connective tissue contractures.

■  Orthosis management. Use of an orthosis may be necessary
to prevent deformities due to strength imbalances (e.g., use
of a radial nerve orthosis to prevent wrist drop; a median
nerve orthosis to position the thumb in opposition; a plan-
tarflexion orthosis to prevent foot drop), to prevent undue
stress on the healing nerve tissue, and to facilitate new
movement as reinnervation occurs.

■  Patient education. Teach the patient safe movements and
ways to protect the injured nerve and to avoid injury due
to loss of sensation.

Recovery Phase
The recovery phase begins with signs of reinnervation (voli-
tional muscle contraction and hypersensitivity). With nerve
regeneration and recovery, begin:26

■  Motor retraining. When signs of volitional muscle contrac-
tion occur, begin place and hold exercises by positioning the
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BOX 13.4 MANAGEMENT GUIDELINES—
Recovery from Peripheral Nerve Injury

Acute phase: immediately after injury or surgery
■ Immobilization: time dictated by surgeon

■ Movement: amount and intensity dictated by type of injury and surgical repair

■ Orthosis: may be necessary to prevent deformities

■ Patient education: protection of the part (see Box 13.5)

Recovery phase: signs of reinnervation (muscle contraction, increased sensitivity)
■ Motor retraining: muscle “hold” in the shortened position

■ Desensitization: multiple textures for sensory stimulation; vibration

■ Discriminative sensory reeducation: identification of objects with, then without, visual cues

Chronic phase: reinnervation potential peaked with minimal or no signs of neurological recovery
■ Compensatory function: compensatory function is minimized during the recovery phase but is emphasized when full

neurological recovery does not occur

■ Preventive care: emphasis on lifelong care to involved region (see Box 13.5)
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muscle in its shortened position; then ask the patient to
hold. Provide assistance as needed to prevent the part from
“falling” out of the shortened position.
■ Use neuromuscular electrical stimulation to reinforce

this active effort.
■ When the muscles demonstrate control of some range,

begin gravity-eliminated, active-assistive ROM. Continue
to protect the weak muscles with an orthosis as needed.

■  Desensitization. As nerves regenerate, the person experi-
ences increased sensitivity (hypersensitivity) in the area that
had previously been without sensation. Use a graded series
of multisensory procedures to decrease the irritability, in-
crease cortical representation, and increase reintegration of
sensory input.26 Suggestions are described in Box 13.5.

■  Discriminative sensory re-education. This is the process
of retraining the brain to recognize a stimulus once the 
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BOX 13.6 Patient Instructions for Preventive
Care After Nerve Injury

While the nerve is regenerating, or if nerve recovery
is incomplete:
■ Inspect skin regularly; provide prompt treatment of wounds

or blisters.
■ Compensate for dryness with massage creams or oils.

In the upper extremity:
■ Avoid handling hot, cold, sharp, or abrasive objects.
■ Avoid sustained grasps; change use of tools frequently.
■ Redistribute hand pressure by building up the size of the

handles.
■ Wear protective gloves.

In the lower extremity:
■ Wear protective shoes that fit properly.
■ Inspect feet regularly for pressure points (reddened area)

and modify shoes or provide protection if they occur.
■ Do not walk barefoot, especially in the dark or on rough

surfaces.
■ Shift weight frequently when standing for long periods.

hypersensitivity diminishes. Techniques are summarized in
Box 13.5.

■  Patient education. Instruct the patient to resume use of
the extremity gradually while monitoring pain, swelling, or
any discoloration; if necessary, modify or temporarily avoid
any aggravating activities. While the nerve is recovering or
if nerve recovery is incomplete, teach the patient preventive
care to avoid injury (Box 13.6).

Chronic Phase
When the potential for reinnervation has peaked and there
are minimal or no signs of reinnervation, emphasize training
for compensatory function. The person will probably have to
continue to wear the supportive orthosis and preventive care
must continue indefinitely.

Neural Tension Disorders

Normally, the nervous system has considerable mobility to
adapt to the wide range of movements imposed on it by daily
activities. Still, there are sites where nerves are vulnerable to
increased pressure or tension, especially when excessive or
repetitive stresses or strains are imposed on the tissues sur-
rounding the nerves or on the nerves themselves. If a nerve is
compressed as it passes near a bony structure or through a
confined space, undue deformation may occur as movement
occurs proximal or distal to that site. This may be magnified
if there is adhesive scar tissue or swelling that restricts elon-
gation and mobility. When examining a patient, the therapist
needs to be alert to symptoms described by the patient and

BOX 13.5 Desensitization and Sensory 
Re-education Techniques

Suggestions for graded modalities and procedures 
for desensitizing:
■ Use multiple types of textures or contact for sensory

stimulation, such as cotton, rough material, sandpaper of
various grades, and Velcro. The textures can be wrapped
around dowel rods for finger manipulation or to stroke
along the skin for 1-3 minutes.

■ Place contact particles, such as cotton balls, beans,
macaroni, sand, or other material, with various degrees
of roughness in tubs or cans, so the patient can run the
involved hand or foot through the material. Have the
patient begin by manipulating or placing the extremity 
in the least irritating texture for 1-3 minutes. As tolerance
improves, progress to the next texture of slightly more
irritating but tolerable stimulus. Maximum progress
occurs when the most irritating texture is tolerated.

■ Use vibration. Pattern of recovery after nerve injury is pain
(hypersensitivity), perception of slow vibration (30 cps),
moving touch, constant touch, rapid vibration (256 cps),
and awareness from proximal to distal.74

Suggestions for retraining the brain to recognize a
stimulus:
■ Begin by using a moving touch stimulus, such as the eraser

end of a pencil, and stroke over the area. The patient first
watches, then closes his or her eyes, and tries to identify
where touch occurred.

■ Progress from stroking to using constant touch.
■ When the patient is able to localize constant touch,

progress to identification of familiar objects of various
sizes, shapes, and textures.

■ For the hand, use familiar household and personal care
objects, such as keys, coins, eating utensils, blocks,
toothbrush, and safety pins.

■ For the feet, have the patient walk on various surfaces,
such as grass, sand, wood, pebbles, and uneven surfaces.
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able to understand and interpret positive signs detected with
testing maneuvers.

This section summarizes the tests of provocation and de-
scribes the techniques that have been reported to mobilize
components of the nervous system in order to improve the
patient’s outcome.16,62,71

Symptoms and Signs of Impaired
Nerve Mobility
History
Vascular and mechanical factors can lead to nerve pathology.
Pain is the most common symptom. Sensory responses, re-
ported as stretch pain or paresthesia, occur when tissues are
in the neural stretch position.21 Clinical reasoning is used to
understand the possible mechanism of injury, such as patho-
logical insult to the nervous tissue or surrounding tissues or
symptoms from movement patterns that place compression
or tension on the neural tissues and reproduce symptoms.71

Tests of Provocation
Neurodynamic test maneuvers are performed to detect ten-
sion or compression in the neural tissue. The upper limb
neurodynamic test (ULNT), straight leg raise (SLR), and
slump test are familiar terms that describe various tests and
procedures that will be described later in this chapter.16,71

Points regarding the tests:

■  Because the test positions elongate the nerves across multiple
joints, every joint in the chain must be examined separately
for limitations in ROM, mobility, and symptom provocation
prior to neurodynamic testing so that any restriction that
occurs during the test is not the result of joint or periarticular
tissue limitations.16,71 Coppieters and associates21 demon-
strated that the stretch position altered the available ROM
and sensory responses in 35 normal male subjects during
neurodynamic testing and reiterated the importance of look-
ing at other influences prior to neurodynamic testing.

■  Additional tests for nerve function include nerve palpation,
sensation testing, reflex testing, dexterity testing, and muscle
testing.16,26,71

■  The test positions and maneuvers used to detect nerve mo-
bility are the same as the treatment positions and maneuvers.

■  Test the uninvolved or least symptomatic side first. If test-
ing of the uninvolved side produces symptoms, sensitivity
of the nerve roots or central sensitization should be 
considered.16 

■  Perform the tests actively before passively to decrease the
patient’s anxiety about performing the maneuver. If the ac-
tive test is found to be sensitive, determine whether a passive
test is also needed. A positive active test will also inform the
therapist that neurodynamic glides would be an appropriate
adjunct to the plan of care.

■  For a test to be considered positive it must (1) reproduce
the patient’s symptoms (pain or paresthesias) within the
nerve distribution being tested, plus (2) demonstrate dif-
ferences from side to side and to known normal responses,

plus (3) support findings from the full examination includ-
ing symptom pattern and location, physical findings (i.e.,
strength, ROM, joint mobility), plus (4) the sensitizing 
maneuvers alter the patient’s symptoms.11,71 Sensitizing
maneuvers produce either pain or paresthesias when the
neurological system is elongated across multiple joints or
is relieved when one of the joints (usually the most proxi-
mal or distal) is moved out of the elongated position.

General testing procedure: Slowly and carefully elongate
the nerve across each joint in succession until there is symp-
tom provocation or tissue restriction is felt (described in 
detail in the techniques section). When symptoms occur, note
the final position. Once symptoms are provoked or limitation
in motion occurs, sensitize the maneuver by moving one of
the joints out of the elongated position or moving one of the
joints proximal or distal into a more elongated position to see
if the symptoms are relieved or provoked respectively.

Causes of Symptoms
Butler15 originally proposed that symptoms are the result of
tension being placed on some component of the nervous sys-
tem, thus referring to these set of tests as “neural tension
tests.” He thought that if compression is preventing normal
mobility, tension signs occur when the nerve is stressed either
proximal or distal to the site of compression. Restriction of
movement could be from inflammation and scarring between
the nerve and the tissue through which it runs or from actual
changes in the nerve itself. More recently, Butler has embraced
the concept of “neurodynamics” introduced by Shacklock 
in 1995. The thought is that “dynamics” is more encompass-
ing, moving away from strictly mechanical causes to include
physiological issues as well as changes in plasticity in the 
nervous system.16,71

 FOCUS ON EVIDENCE
Cadavaric and in vivo ultrasound imaging studies have
demonstrated that ROM of the moving joint, distance from
the moving joint to the site of the lesion, position of adjacent
joints, number of moving joints, and whether joint move-
ment elongates or shortens the nerve bed all have an impact
on nerve excursion18-20,25,39,72 and that elongation or short-
ening of the sciatic, tibial, and plantar nerves occur to various
degrees with hip, knee, ankle, and toe movements.1,11,18,20 In
addition, Coppieters18 demonstrated greater sciatic nerve 
excursion occurs with simultaneous hip/knee movement than
with any of the tensioning techniques. 

As with many manual testing techniques, the sensitivity and
validity of the tests have yet to be determined. Although the
volume of evidence continues to be limited, more recent studies
demonstrate the reliability and validity of ULNT to be prom-
ising.60,68,81 In addition, there is emerging evidence that ULNT
testing may not only be for brachial plexus and peripheral nerve
testing and treatment, but that it may also be effective for
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pathology in the cervical region including cervical radiculopa-
thy, entrapment neuropathies, and thoracic outlet syndrome.48 

The efficacy of interventions based on the neurodynamic
maneuvers has been presented in the literature.17,29,42 A sys-
tematic review of research on therapeutic efficacy of neural
mobilization evaluated 10 randomized controlled studies.29

Even though the majority of the studies described positive
benefits, the review questioned the quality of the studies and
expressed the need for more homogeneity and control in fu-
ture studies in order to provide evidence for the use of neural
mobilization as a therapeutic intervention.

Principles of Management
The principles of neural mobilization are based on the
anatomic and biomechanical properties of peripheral nerves
and their response to stress and strain. The goal of neural
mobilization is to maximize the excursion of the nerve while
minimizing the strain. Strain is defined as the change in
nerve length induced by a longitudinal tensile stress.67

For the nervous system to move normally, it must withstand
tensile stress, slide in its container, and be compressible.71

The principles of treatment are similar to those of any mo-
bilization technique; however, the greatest error clinicians
make with these techniques is being too aggressive and doing
too much, too fast.16,61,71

■  The intensity of the maneuver should be related to irritabil-
ity of the tissue, patient response, and change in symptoms.
The greater the irritability, the gentler the technique.

■  The technique, when applied properly, should be symptom
free, slow, and rhythmic, utilizing an oscillatory motion.

■  Neural sliding, flossing technique. Position the patient at
the point of tissue resistance or onset of symptoms, then
move two joints in the chain simultaneously so that the
neural tissue glides proximally or distally. For example, to
glide the median nerve proximally once at the position of
tissue resistance or onset of symptoms, perform elbow flex-
ion simultaneously with cervical contralateral flexion or
wrist flexion simultaneously with elbow flexion.

■  Neural glide technique: Position the patient at the same
point as in the sliding technique. Offload the nerve by plac-
ing the neural tissue on slack either by laterally flexing the
proximal segment toward the involved side or by releasing
the position of the distal segment. Then slowly and in an
oscillatory fashion using large movements, gently move one
segment in and out of the point of tissue resistance.

■  After performing several treatments and determining the tis-
sue response, teach the patient self-mobilization techniques.

Precautions and Contraindications to
Neurodynamic Testing and Treatment
There is incomplete scientific understanding of the pathology
and mechanisms that occur when mobilizing the nervous sys-
tem. The clinician should always perform a thorough subjective

and physical examination which includes a systems review and
screening for “red flag” conditions prior to neurodynamic test-
ing and treatment. Caution should be used when loading the
neurological system during performance of these techniques.
Neurological symptoms of tingling or increased numbness
should not last when the position is released.16,67,71

PRECAUTIONS:
■ Know what other tissues are affected by the positions and

maneuvers.
■ Recognize the irritability of the tissues involved and do not

aggravate the symptoms with excessive stress or repeated
movements.

■ Identify whether the condition is worsening and the rate of
worsening. A rapidly worsening condition requires greater
care than a slowly progressing condition.

■ Use care if there is an active disease or other pathology 
affecting the nervous system.

■ Watch for signs of vascular compromise. The vascular system
is in close proximity to the nervous system and at no time
should show signs of compromise when mobilizing the 
nervous system.

CONTRAINDICATIONS:
■ Acute or unstable neurological signs
■ Cauda equina symptoms related to the spine including changes

in bowel or bladder control and perineal sensation
■ Spinal cord injury or symptoms
■ Neoplasm and infection

Neural Testing and Mobilization
Techniques for the Upper Quadrant
Median Nerve—ULNT 1 (Passive) (Fig. 13.13)
This maneuver is used when examining and treating symp-
toms related to median nerve distribution, including carpal
tunnel syndrome.16

Patient position and procedure: Begin with the patient in
supine position close to your side (no pillows at the head or
knees) with the patient’s upper arm on your thigh. Place your
hand closest to the patient in a fist and position it at the su-
perior aspect of the patient’s shoulder, pushing it into the
table to control elevation of the shoulder during abduction
of the arm (maintaining equal shoulder positions). Abduct
the arm to approximately 110° keeping the elbow at 90 ° flex-
ion. Maintain the shoulder and elbow position, extend the
wrist and fingers including the thumb (using your thumb and
index finger). Supinate the forearm followed by lateral rota-
tion of the shoulder. Slowly extend the elbow, keeping the
wrist and shoulder position constant. Stop the elbow exten-
sion when either the patient reports symptoms or you feel
tension in the tissue.

To sensitize the maneuver: Ask the patient to laterally flex
their cervical spine away from the test side and inquire if this
movement increases their symptoms. Then ask the patient to
laterally flex their cervical spine toward the test side and inquire
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if this movement alleviates or lessens their symptoms (if there
is concern about “leading” the patient to a particular answer,
the clinician can inquire if the movement increases, decreases,
or if the symptoms remain unchanged) during the particular 
sensitizing movement.16

 FOCUS ON EVIDENCE
Using ultrasound imaging, Coppieters and associates20 exam-
ined the longitudinal excursion of the median nerve, using
several variations of cervical and elbow movements that
caused either sliding or tensioning of the median nerve. For
the sliding technique, elbow flexion and cervical side flexion
were performed simultaneously in the same direction; for one
tensioning technique, elbow extension and cervical side flex-
ion were performed simultaneously in opposite directions;
and for four techniques, only one joint (elbow or neck) was
moved after prepositioning the other joint.

Results showed significant differences in the amount of nerve
movement with the various techniques (P < .0001). Greatest ex-
cursion occurred with the sliding technique when the two joints
were moved in the same direction (10.2 +/ -2.8 mm); the small-
est excursion occurred with the tensioning technique when the
two joints were moved in opposite directions (1.8 +/ -4.0 mm).
Techniques in which only one joint moved demonstrated
larger excursions when the elbow moved (5.6 and 5.5 mm)
than when the neck moved (3.3 and 3.4 mm). These tests
were performed on healthy volunteers and therefore cannot
be generalized to therapeutic effects for patients with differ-
ent pathologies affecting the median nerve.

Radial Nerve—ULNT 2 (Fig. 13.14)
This maneuver is important when examining and treating
symptoms that are related to shoulder girdle depression, ra-
dial nerve distribution, and differentiating between tennis
elbow and radial tunnel syndrome, as well as de Quervain’s
syndrome and superficial sensory radial nerve involvement.16

Patient position and procedure: Begin with the patient
supine; sequentially apply gentle shoulder girdle depression,
then slightly abduct the shoulder to about 10°, extend the
elbow, and then medially rotate the whole arm (including
forearm pronation). Keep the elbow in extension and add
wrist, finger, and thumb flexion and finally ulnar deviation
of the wrist. Maintaining this position, slowly abduct the
shoulder until reproduction of symptoms or tension is felt in
the tissue. The full elongated position includes lateral flexion
of the cervical spine away from the test side. Have the patient
then laterally flex the cervical spine toward the test side, noting
increase or decrease of symptoms.

Ulnar Nerve—ULNT 3 (Fig. 13.15)
This maneuver is used when symptoms are related to the lower
brachial plexus or ulnar nerve and differentiating between 
medial epicondylosis and pronator syndrome.16

Patient position and procedure: Begin with the patient
supine. Extend the wrist and fingers, pronate the forearm and
flex the elbow. While maintaining this position laterally rotate
the shoulder and depress the shoulder girdle. Finally abduct
the shoulder to about 110° or until symptoms are felt. The full
elongated position includes lateral flexion of the cervical spine
away from the test side. Have the patient then laterally flex the
cervical spine toward the test side noting increase or decrease
of symptoms.
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FIGURE 13.13 Position of maximum elongation of the median
nerve includes shoulder abduction to 110°; elbow extension; 
shoulder external rotation and supination of the forearm; wrist, 
finger, and thumb extension; and finally contralateral cervical 
side flexion.

FIGURE 13.14 Position of maximum elongation of the radial nerve
includes shoulder girdle depression; shoulder abduction; elbow exten-
sion; shoulder medial rotation and forearm pronation; wrist, finger,
and thumb flexion; wrist ulnar deviation; and finally contralateral 
cervical side flexion.
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Neural Testing and Mobilization
Techniques for the Lower Quadrant
Sciatic Nerve: Straight Leg Raising (Fig. 13.16)
Patient position and procedure: The patient is supine. Lift
the lower extremity in the straight leg raise (SLR) position
and add ankle dorsiflexion. Several variations may be done to
assist with differentiating the neural load; ankle dorsiflexion,
dorsiflexion with eversion, ankle plantar flexion with inver-
sion, hip adduction, hip medial rotation, and passive neck
flexion.16 The maneuver may also be performed long-sitting
(slump-sitting position—see below) and side-lying. These
various positions of the lower extremity and neck are used to
differentiate tight or strained hamstrings from possible sites
of restriction or nerve mobility in the lumbosacral plexus and
sciatic nerve.11,34,73 Changing positions of the ankle in con-
junction with variations in the hip and knee positions are
used to differentiate foot impairments, such as plantar fasciitis
and tarsal tunnel syndrome.1

Once the position that places tension on the involved neu-
rological tissue is found, maintain the stretch position and
then move one of the joints a few degrees in and out of the
stretch position, such as ankle plantarflexion and dorsiflexion
or knee flexion and extension.

■  Ankle dorsiflexion with eversion places more tension on
the tibial tract.

■  Ankle dorsiflexion with inversion places tension on the
sural nerve.

■  Ankle plantarflexion with inversion places tension on the
common peroneal tract.

■  Adduction of the hip while doing SLR places further ten-
sion on the nervous system, because the sciatic nerve is lat-
eral to the ischial tuberosity; medial rotation of the hip
while doing SLR also increases tension on the sciatic nerve
(see Fig. 13.16).

■  Passive neck flexion while doing SLR pulls the spinal cord
cranially and places the entire nervous system on a
stretch.16

■  Strain on the medial and lateral plantar nerves increases
with toe extension and is larger with ankle dorsiflexion
than plantarflexion.1

Neural slide (flossing) technique: Beginning with the hip
and knee in flexion, simultaneously extend the hip and knee
to obtain maximum sliding of the sciatic nerve (knee exten-
sion loads the tibial and sciatic nerve; hip extension unloads
the sciatic nerve).18

 FOCUS ON EVIDENCE
A study using ultrasound imaging of the sciatic nerve under
different hip and knee movements demonstrated the follow-
ing biomechanics on the nerve: greatest sliding occurred with
simultaneous hip/knee extension (approximately five times
larger than with the tensioning techniques of hip flexion with
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FIGURE 13.15 Position of maximum elongation on the ulnar nerve
includes shoulder girdle depression; shoulder external rotation and
abduction; elbow flexion; forearm pronation and wrist extension; and
finally contralateral cervical side flexion.

FIGURE 13.16 Position of stretch on the sciatic nerve includes
straight-leg raising with adduction and internal rotation of the hip and
dorsiflexion of the ankle.
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knee extension and two times larger than during isolated hip
and knee movements).18

Slump-Sitting Maneuver (Fig. 13.17)
NOTE: The slump test is simply the SLR performed in sitting with
the addition of spinal flexion for greater overall neural tension.

Patient position and procedure: Begin with the patient sitting
upright. Have the patient slump by flexing the spine and neck.
Apply gentle overpressure guidance to cervical spine flexion.
As a sensitizing maneuver, dorsiflex the ankle and then extend
the knee as much as possible to the point of tissue resistance
and symptom reproduction. Release the overpressure on the
spine and have the patient actively extend the neck to see if
symptoms decrease. Increase and release the stretch force by
moving one joint in the chain a few degrees, such as knee flex-
ion and extension or ankle dorsiflexion and plantarflexion
and note response.

to the point of resistance and symptom reproduction. Pain in
the low back or neurological signs (change in sensation in the
anterior thigh) are considered positive for upper lumbar
nerve roots and femoral nerve tension. Thigh pain could be
rectus femoris tightness. It is important not to hyperextend
the spine to avoid confusion with nerve root pressure from
decreased foraminal space or facet pain from spinal move-
ment. Flex and extend the knee a few degrees to apply and 
release tension.

Alternate position and procedure: Side-lying with the in-
volved leg uppermost. Stabilize the pelvis and extend the hip
with the knee flexed until symptoms are reproduced. Main-
tain knee flexion, release, and apply tension across the hip by
moving it a few degrees at a time.

Musculoskeletal Diagnoses
Involving Impaired Nerve
Function

Thoracic Outlet Syndrome

The thoracic outlet is the region along the pathway of the
brachial plexus from just distal to the nerve roots where they
exit the intervertebral foramen to the lower border of the ax-
illa (Fig. 13.19). The outlet is bordered medially by the ante-
rior and middle scalene muscles and the first rib; posteriorly
by the upper trapezius and scapula; anteriorly by the clavicle,
coracoid, pectoralis minor, and deltopectoral fascia; and lat-
erally by the axilla. The plexus enters the outlet between the
anterior and middle scalene muscles; the subclavian artery
runs posterior to the anterior scalene; and the subclavian vein
runs anterior to the anteriorscalene muscle. The blood vessels
join the brachial plexus and course together under the clavi-
cle, over the first rib, and under the coracoid process posterior
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FIGURE 13.17 Slump-sitting with neck, thorax, and low back flexed,
knee extended, and ankle dorsiflexed just to the point of tissue 
resistance and symptom reproduction.

 FOCUS ON EVIDENCE
A study evaluating the accuracy of the slump test in patients
with low back pain found the test was highly sensitive in iden-
tifying those with neuropathic pain and that adding the crite-
rion of pain distal to the knee during the maneuver improved
specificity.80

Femoral Nerve: Prone Knee Bend (PKB) 
(Fig. 13.18)

Patient position and procedure: Prone with the spine neu-
tral (not extended) and the hips extended to 0°. Flex the knee

FIGURE 13.18 Position of stretch on the femoral nerve; prone 
lying with the spine neutral, hip extended to zero degrees, and knee
flexed. It is important to maintain the spine in neutral and not allow 
it to extend.
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to the pectoralis minor muscle. Vascular and/or upper extrem-
ity neurological symptoms that are not consistent with nerve
root or peripheral nerve dermatome and myotome patterns
should lead the therapist to suspect thoracic outlet problems.45

NOTE: Sites of impingement of the brachial plexus and vascu-
lar structures within the thoracic outlet are described later in
this section.

Related Diagnoses
Thoracic outlet syndrome (TOS) encompasses a variety of
clinical problems in the shoulder girdle region. The diagnosis
itself is controversial because of the clinical complexity and
variability in presentation that involves upper extremity neu-
rological and vascular symptoms, including pain, paresthesia,
numbness, weakness, discoloration, swelling, and loss of
pulse. Patients may also complain of headaches, which may
be related to posture, tension, or vascular compromise. Diag-
noses that have been used to describe TOS include cervical
rib, scalenus anticus syndrome, costoclavicular syndrome,
subcoracoid-pectoralis minor syndrome, droopy shoulder
syndrome, and hyperabduction syndrome.37,43,45,76,83 TOS is
categorized into two specific clinical entities: vascular TOS
and neurological or neurogenic TOS. Vascular TOS is further
subcategorized into arterial and venous, while neurogenic
TOS is further subdivided into “true” neurogenic or disputed
TOS. It is estimated that over 90% of cases are neurogenic in

origin, whereas 1% are arterial and approximately 3% to 
5% are venous.37,43,76,83,84

■  True Neurogenic TOS. This condition is rare. The patient
presents with an anatomical abnormality, such as cervical
rib or elongated C7 transverse process. The patient describes
paresthesias and pain along the medial border of the arm
and experiences muscle weakness; there is atrophy in the 
intrinsic muscles of the hand. There are also positive 
electromyographic (EMG) findings.76

■  Disputed, symptomatic or nonspecific neurogenic TOS.
This is the most common form of TOS. Symptoms are sim-
ilar to true neurogenic TOS, however there is no definitive
radiologic evidence of bony anomaly. There is no evidence
of muscle atrophy, and EMG testing is negative. Disputed
TOS involves intermittent compression of the neurovascu-
lar bundle due to poor posture (especially in those with
large amounts of breast tissue), occupation, or sporting in-
cidents. Symptoms are aggravated by repetitive, suspensory,
or sustained overhead activity, forward or elevation of the
shoulder and/or activities that depress the shoulder girdle.
Symptoms are present at rest and at night.76,83,84

■  Vascular TOS—arterial. This condition is rare and is usu-
ally the result of structural abnormalities such as cervical
rib or other bony abnormality. There is compression of the
subclavian or axillary artery with arm motion, especially
overhead usage. If the arm fatigues with overhead usage,
the person may have to adapt work habits that avoid risk
from repetitive trauma to the artery.

■  Vascular syndromes—venous. Compression of the subcla-
vian or axillary vein does not typically occur in TOS; venous
symptoms would be from some other cause, such as throm-
bosis. Acute thrombosis (sudden, painful swelling with bluish
discoloration of the arm) is usually dealt with medically, but
the therapist should always be suspicious of unexplained
swelling of the arm. Effort thrombosis could occur from sud-
den maximal arm use, or there could be insidious onset of
swelling with prolonged use. If these occur, an immediate 
referral to an appropriate physician is warranted.

Etiology of Symptoms
Three causative factors for TOS have been identified that could
be interrelated or exist separately: compressive neuropathy,
faulty posture, and entrapment.

■  Compressive neuropathy. Compression of the neurovascu-
lar structures can occur if there is a decrease in the size of
the area through which the brachial plexus and subclavian
vessels pass. Compression can result from muscle hypertro-
phy in the scalenes or pectoralis minor muscles, anatomical
anomalies such as cervical rib or fractured clavicle, adaptive
shortening of fascia, or a space-occupying lesion.

■  Faulty posture. Changes in posture, particularly a forward
head with increased thoracic kyphosis, protracted scapulae,
and forward shoulders, narrow the spaces through which
the neurovascular structures pass. Specifically, adaptive
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FIGURE 13.19 Region of the thoracic outlet bordered medially by
the scalene muscle and first rib; posteriorly by the upper trapezius
and scapula; anteriorly by the clavicle, coracoid, pectoralis minor, and
deltopectoral fascia; and laterally by the axilla.

5850_Ch13_382-416  01/09/17  6:04 PM  Page 402



shortening of the scalene and pectoralis minor muscles
can potentially compress the neurovascular tissues or can
cause repetitive trauma and adhesions with overuse.61 If
the angle of the clavicle falls below the level of the stern-
oclavicular joint, the shoulder girdle causes traction on the
plexus. In addition, the clavicle can compress the neu-
rovascular structures against the first rib. Hypertrophy of
breast tissue may cause postural fatigue or pressure from
undergarment support straps, Carrying a heavy briefcase,
suitcase, backpack, or shoulder purse may cause pressure
across the shoulder girdle, fatigue in the scapular stabiliz-
ers, or traction across the shoulder girdle tissues and
brachial plexus.

 FOCUS ON EVIDENCE
A study reported by Pascarelli and Hsu65 of 485 patients with
work-related upper quarter pain and symptoms indicated that
70% of patients displayed posture-related neurogenic TOS as
a key factor in a series of cascading events, including 78% with
protracted shoulders, 71% with forward head posture, 50% with
hyperlaxity of fingers and elbows, 20% with sympathetic 
dysfunction, 64% with cubital tunnel, 60% with medial epi-
condylitis, 70% with peripheral muscle weakness, and other
miscellaneous conditions such as carpal tunnel syndrome.
Wood and Biondi86 pointed out that, among 165 patients with
TOS, 44% also had compression of a nerve distally, most com-
monly in the carpal tunnel (41 cases).

A surgical study reported findings that pathological adhe-
sions of the brachial plexus to the scalene muscles led to nerve
fiber distraction as the mechanism behind the symptoms and
suggested that the restrictive adhesions were directly related
to long-standing postural deviations and myofascial pain 
syndrome.22

■  Entrapment of neural tissue from scar tissue or pressure.
Entrapment affects the ability of nerve tissue of the
brachial plexus to tolerate tension as it courses through
the various tissues in the thoracic outlet. A possible expla-
nation was offered in a review article by Crotti23 wherein
the pain-immobility-fibrosis loop that occurs after trauma
(e.g., following an acceleration-extension motor vehicle 
injury) leads to the development of adhesions, which cause
or perpetuate TOS symptoms. The Halstead test52 and the
upper limb neurodynamic test for the median nerve16 (see
Fig. 13.14) place the brachial plexus and median nerve on
stretch and symptoms may indicate restricted nerve gliding.
The Halstead test also may obliterate the radial pulse indicat-
ing vascular entrapment. Lohman and associates48 performed
a cadaver study that demonstrated strain placed on cervical
nerve roots during upper limb neurodynamic testing. They
suggested that this could be used in the clinical evaluation of
cervical pathology including thoracic outlet syndrome. 

Contributing factors in the development of TOS are sum-
marized in Box 13.7.

Sites of Compression or Entrapment
There are three primary sites for compression or entrapment
of the neurovascular structures.43,45

■  Interscalene triangle: bordered by the anterior and middle
scalene muscles and the first rib. If these muscles are hyper-
trophied, tight, or have anatomical variations, or if the first
rib is elevated, they may compress the subclavian artery or
the upper, middle or lower trunks of the brachial plexus
and impair normal mobility of the neural tissues with head
and arm movements.

Symptoms from dysfunction in this area are reproduced
with the Adson maneuver, which decreases the space for the
neurovascular bundle. If the artery is compressed, there is also
a decreased pulse.45,52 Palpation of the scalene muscles may
also provoke symptoms.

■  Costoclavicular space: between the clavicle, the subclavius
muscle, and the costocoracoid ligament anteriorly and the first
rib posteriorly. Compression of the neurovascular bundle
can occur between the clavicle and first rib, especially if the
clavicle is depressed for periods of time, as occurs when
carrying a heavy suitcase, a backpack or shoulder bag, or

CHAPTER 13 Peripheral Nerve Disorders and Management 403

BOX 13.7 Summary of Contributing Factors 
to Thoracic Outlet Syndrome

There is wide latitude of motion in the various joints of the
shoulder complex that may result in compression or
impingement of the nerves or vessels in TOS.

■ Postural variations, such as a forward head or round
shoulders, lead to associated muscle shortening in the
scalene, levator, subscapularis, and pectoralis minor
muscles and a depressed clavicle.

■ Postural stress, such as narrow bra straps, carrying a heavy
suitcase, backpack, briefcase, or purse, can place stress
across the shoulder girdle, creating pressure in the thoracic
outlet or traction on the brachial plexus.

■ Respiratory patterns that continually use the action 
of the scalene muscles to elevate the upper ribs lead 
to hypertrophy of these muscles. Also, the elevated 
upper ribs decrease the space under the clavicle.

■ Congenital factors, such as an accessory rib, a long transverse
process of the C-7 vertebra, or other anomalies in the region,
can reduce the space for the vessels. A traumatic or
arteriosclerotic insult can also lead to TOS symptoms.

■ Traumatic injuries, such as clavicular fracture or
subacromial dislocations of the humeral head, can injure
the plexus and vessels, leading to TOS symptoms.

■ Hypertrophy or scarring in the pectoralis minor muscles
can lead to TOS symptoms.

■ Injuries that result in inflammation, scar tissue formation,
and adhesions can restrict nerve tissue mobility when the
nerve is elongated. This may occur anywhere from the
intervertebral foramina at the spine to the distal-most
portion of the peripheral nerve.
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with a slouched posture. A fractured clavicle or anomalies
in the region can also lead to symptoms. An elevated first
rib, which can occur with first rib subluxation or upper
thoracic breathing (as with asthma or chronic emphy-
sema), also narrows the costoclavicular space.

Symptoms caused by a depressed clavicle are reproduced
when the shoulders are retracted and depressed as with the
Military Brace Test.52 If a patient is asked to take in a breath
while in this posture and symptoms are reproduced, the rib
elevation is causing the symptoms. The mobility of the clav-
icle and first rib should also be examined.

■  Rectropectoralis minor space: between the second through
fourth ribs anteriorly, posterior to the pectoralis minor muscle,
and inferior to the coracoid process. Compression or re-
stricted movement of the neurovascular structures may
occur in this region if the pectoralis minor muscle is tight
owing to faulty posture with the scapula tipped forward or
from repetitive overuse.

Holding the arms in an elevated position compresses the
cords of the brachial plexus and axillary artery and vein. Com-
pression of the neurovascular bundle in this space may be
tested utilizing Roos test.52 Palpation pressure against the pec-
toralis minor may also reproduce the neurological symptoms
if the muscle is tight.

Common Impairments of Structure
and Function in TOS
■  Intermittent brachial plexus and vascular symptoms of pain,

paresthesia, numbness, weakness, discoloration, and swelling
■  Muscle length–strength imbalance in the shoulder girdle

with tightness in anterior and medial structures and weak-
ness in posterior and lateral structures

■  Faulty postural awareness in the upper quarter
■  Poor endurance in the postural muscles
■  Poor scapular control
■  Shallow respiratory pattern characterized by upper thoracic

breathing
■  Poor clavicular and first rib mobility
■  Neurological symptoms when the brachial plexus is placed

on stretch

Common Activity Limitations 
and Participation Restrictions 
■  Sleep disturbances that could be from excessive pillow

thickness or arm position
■  Inability to carry briefcase, backpack, suitcase, purse with

shoulder strap, or other weighted objects on the involved side
■  Inability to maintain prolonged overhead reaching position
■  Inability to do sustained computer or desk work, cradle a

telephone receiver between head and involved shoulder, or
drive a car for prolonged periods

■  Inability to do sustained overhead work such as electrical
work or painting a ceiling

Nonoperative Management of TOS
Conservative management is often recommended for all types
of TOS in the absence of any acute or progressive neurological
or vascular lesion. The primary emphasis of management
may involve medication, injection therapy, rest, and activity
modification in addition to physical therapy. Physical therapy
management often involves postural education, strengthening
and endurance exercises, scapular stabilization, and manual
therapy.81,84

A program is developed utilizing interventions that specif-
ically address the presenting impairments, activity limitations,
and participation restrictions (Box 13.8). Also, secondary or
associated complaints, such as myofascial trigger points,
glenohumeral joint pathology, cervical pathology, or distal
peripheral neuropathies, should be identified, and appropri-
ate interventions incorporated into the program.45,84 Con-
sider the following precautions and interventions.

PRECAUTIONS: Shoulder girdle exercises may cause wors-
ening of symptoms in some patients with venous or arterial
TOS, or they may be progressing favorably and then symptoms
worsen. Worsening of neurological or vascular symptoms may
indicate axonal disruption or vascular compromise. Refer the
patient to his or her physician; surgical decompression may be
indicated.
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BOX 13.8 Summary of Guidelines for
Management of Thoracic Outlet
Syndrome

Educate the patient.
■ Teach posture correction.
■ Teach how to modify provoking stresses.
■ Teach safe exercises for home exercise program.

Correct impaired posture.
■ See Chapter 14

Mobilize restricted neurological tissue.
■ Nerve mobilization techniques if testing is positive for

restricted mobility

Mobilize restricted joints, connective tissue, 
and muscle.
■ Tissue-specific manual techniques to restricted structures

if testing is positive for restricted mobility
■ Self-stretching exercises for restricted muscle flexibility

Improve muscle performance.
■ Develop control and endurance in postural muscles.
■ Progress strengthening exercises.

Correct faulty breathing patterns.
■ Relax upper thorax.
■ Teach abdominal diaphragmatic or bi-basilar breathing

patterns.

Progress functional independence.
■ Involve patient in all aspects of program.
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■  Patient education. Teach the patient how to modify or
eliminate provoking postures and activities and provide a
home exercise program that includes flexibility, muscle per-
formance, and postural exercises (see Chapter 14). Empha-
size the importance of compliance to reduce the stresses on
the nerve and vascular structures.

■  Nerve tissue mobility. Use nerve mobilization maneuvers if
neurodynamic tests are positive.16,71,85 These are described
earlier in this chapter.

■  Joint, muscle, and connective tissue mobility. Use manual
and self-stretching techniques to address any mobility im-
pairments. Restricted joint mobility might be present in the
upper thoracic, scapulothoracic, glenohumeral, sternoclav-
icular, or first costotransverse articulations. Common muscle
restrictions with an impaired postural component include
but are not limited to the scalene, levator scapulae, pectoralis
minor, pectoralis major, anterior portion of the intercostals,
and suboccipital muscles. Stretching exercises to increase mo-
bility in these muscles are described in Chapter 14 (section
on posture exercises) and Chapter 17.

■  Muscle performance. Develop a program to improve con-
trol and endurance in the postural muscles. Common
weaknesses include but are not limited to scapular adduc-
tors and upward rotators, shoulder lateral rotators, deep
cervical flexor muscles, and thoracic extensors. Identifica-
tion of postural exercises to improve muscle performance
are listed in Chapter 14 (section on posture exercises).

■  Respiratory patterns and elevated upper ribs. If the patient
tends to use apical breathing patterns and has increased ten-
sion in the scalene muscles, teach abdominodiaphragmatic

or bi-basilar breathing patterns and relaxation of the upper
thorax.

■  Functional independence. Increase patient awareness and
ability to manage symptoms through education. Have 
patients actively involved in all aspects of their program
and interventions.

Carpal Tunnel Syndrome

The carpal tunnel is a confined space between the carpal
bones dorsally and the transverse carpal ligament (flexor
retinaculum) volarly (Fig. 13.20). In this region, the median
nerve is susceptible to pressure as it courses through the
tunnel along with the extrinsic finger flexor tendons on
their way into the hand. Carpal tunnel syndrome (CTS) is
characterized by the sensory loss and motor weakness that
occur when the median nerve is compromised in the carpal
tunnel. Anything that decreases the space in the carpal tun-
nel or causes the contents of the tunnel to enlarge could
compress or restrict the mobility of the median nerve, caus-
ing a compression or traction injury, ischemia, and neuro-
logical symptoms distal to the wrist.2,7,53,54

Etiology of Symptoms
Etiology is multifactorial, including both local and systematic
factors.54 Local factors include synovial thickness and scarring
in the tendon sheaths (tendinosis) or irritation, inflammation,
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and swelling of the tendons (tendinitis) as a result of repetitive
or sustained wrist flexion, extension, or gripping activities. Be-
cause of this, CTS is frequently classified as a cumulative trauma
or overuse syndrome. Swelling in the wrist area due to local
trauma (e.g., a fall or blow to the wrist, with or without a carpal
or distal radius fracture), carpal dislocation, or osteoarthritis or
systematic factors, such as pregnancy (hormonal changes and
water retention), rheumatoid arthritis, or diabetes, could de-
crease the carpal tunnel space. Awkward wrist postures (flexion
or extension), compressive forces from sustained equipment
usage, and vibration against the carpal tunnel could also lead to
median nerve compression and trauma.2,7,54

Examination
In a review on the sensitivity and specificity of the various tests
used when screening for CTS, MacDermid and Doherty50

summarized the key signs and symptoms that increase the
probability of diagnosing CTS.

History. The patient describes sensory changes in the median
nerve distribution of the hand (excluding the palm, which is
innervated by the palmar cutaneous branch of the median
nerve arising proximal to the carpal tunnel) and nocturnal
numbness and pain that is relieved by flicking the wrists.

Positive clinical findings. Depending on severity, there
may be atrophy of the thenar eminence. Results of tests in-
clude thenar muscle weakness, positive Phalen’s test (sus-
tained wrist flexion), loss of two-point discrimination,
positive carpal compression test, and positive Tinel’s sign
(tapping the median nerve).7,54 Electrophysiological studies
(nerve conduction and electromyography) are used to assist
with a differential diagnosis.2,7,54

Associated areas to clear. Because there can be other causes
of median nerve symptoms, such as tension, compression, or
restricted mobility of the nerve roots in the cervical interver-
tebral foramen, of the brachial plexus in the thoracic outlet,
or of the median nerve as it courses through tissues in the
forearm region (pronator syndrome and anterior interosseous
nerve syndrome); each of these sites must be ruled out to de-
termine if they are contributing to the median nerve symptoms
(see Fig. 13.5).39,46,54

Double crush injury. With nerve irritability, it is possible to
develop what is known as a double crush injury16,40,51,55,61 in
which the nerve develops symptoms at other areas along its
course as well as at the primary site. Seror69,70 reported a lack
of evidence supporting a relationship between unambiguous
CTS in true neurogenic TOS (< 1/100), although disputed
neurogenic TOS was frequently found (mild to moderate clin-
ical symptoms and signs) even when there were no significant
findings on electrodiagnostic tests. Fernández-de-Las-Peñas
and colleagues31 demonstrated increased mechanical nerve
pain sensitivity of the entire median nerve in subjects with
CTS, as measured by pressure pain thresholds. They suggested
that there is both central and peripheral sensitization of the
entire nerve trunk in this condition.

Common Impairments of Structure 
in CTS 
■  Increasing pain and paresthesias in the hand with repet-

itive use
■  Progressive weakness or atrophy in the thenar muscles and

first two lumbricals
■  Irritability or sensory loss in the median nerve distribution

(see Fig. 13.5)
■  Possible decreased joint mobility in the wrist and metacar-

pophalangeal joints of the thumb and digits 2 and 3
■  Sympathetic nervous system changes may develop
■  Faulty forward head posture and decreased cervical ROM24

Common Impairments of 
Function, Activity Limitations, 
and Participation Restrictions
■  Decreased prehension in tip-to-tip, tip-to-pad, and pad-to-

pad activities requiring fine neuromuscular control of thumb
opposition, such as buttoning clothes and manipulating small
objects

■  Avoidance of using the area of the hand where there is 
decreased sensation

■  Inability to perform provoking sustained or repetitive wrist
or finger motion, such as cashier checkout scanning, assem-
bly line work, fine tool manipulation, cutting/styling hair,
or typing

■  Sleep disturbances

Nonoperative Management of CTS
Guidelines are summarized in Box 13.9. In patients with mild
to moderate symptoms, conservative intervention is directed to-
ward minimizing or eliminating the causative factor.4,7,50,53,54 64

Considerations include:

■  Nerve protection. The use of a static wrist orthosis at night
positioned in neutral is highly recommended to reduce
compression in the carpel tunnel.4,7,50,53,54,64

■  Activity modification and patient education. Identify
faulty wrist, cervical, and upper extremity postures and 
activities.
■ Activity modification. Modify activities to keep the wrist

in neutral and to reduce forceful prehension.
■ Education. Teach the patient about the mechanisms of

compression and their effect on the circulation and
nerve pressure, as well as how to modify or eliminate
provoking postures and activities. Also, instruct the pa-
tient to observe areas with decreased sensitivity to avoid
tissue injury (see Box 13.6).

■ Home exercise program. Teach the patient safe exercises
for a home exercise program. Emphasize the importance
of compliance to reduce stresses on the nerve and tendi-
nous structures. Incorporate postural exercises for the
spinal and shoulder girdle regions.

406 Carpal Tunnel Syndrome

5850_Ch13_382-416  01/09/17  6:04 PM  Page 406



■  Mobility techniques
■ Joint mobilization. If there is restricted joint mobility,

mobilize the carpals for increased carpal tunnel space
(see Fig. 5.39 and its description in Chapter 5).

■ Tendon-gliding exercises. Teach the patient tendon-gliding
exercises for mobility in the extrinsic tendons; they
should be performed gently to prevent increased swelling
(see Figure 19.17 and the description in the exercise section
of Chapter 194).

■ Median nerve mobilization.4,16,30,54,64 The six positions
for median nerve mobilization in the wrist and hand are
illustrated in Figure 13.21. Begin with position A and
slowly progress to each succeeding position until the me-
dian nerve symptoms just begin to be provoked (tin-
gling). That is the maximum position to use. Alternate
between that position and the preceding position. When
the patient can be moved into that position without
symptoms, progress to the next position and repeat the
mobilizing routine. The mobilization exercise should be
done three or four times per day unless symptoms are
exacerbated then the intensity and frequency should be
reduced but not eliminated.

Additional median nerve mobilization techniques, including
the entire upper extremity and neck, is recommended and if
symptoms warrant (see Fig. 13.14 and the description of prin-
ciples earlier in this chapter under upper limb neurodynamics).

 FOCUS ON EVIDENCE
Bialosky and associates6 compared a group treated with me-
dian nerve mobilization techniques and a group with a
sham technique that did not place the entire median nerve
on a stretch; wrist and finger flexion/extension was consis-
tent in both groups. A series of tests was conducted at the
beginning and after 3 weeks of treatment (two times per
week for up to six treatments); both groups received or-
thoses to wear at night. There was no control group. The
only significant difference between groups was a reduction
of temporal summation of symptoms in the group receiv-
ing the mobilization to the median nerve. The authors spec-
ulated that improved outcomes in most of the measures
seen in both groups were related to receiving manual ther-
apy and were independent of the specific mechanical force
on the median nerve. Oskouei and associates64 compared
two groups of patients with CTS. Twenty patients and a
total of 32 hands were assigned to either routine physical
therapy (control group) or routine physical therapy plus
neuromobilization (treatment group). Symptom severity
scale, VAS, functional status scale, Phalen’s test, median
nerve neurodynamic test, and EMG (distal sensory and
motor latency) were assessed. Routine physical therapy in-
cluded the use of an orthosis positioned in neutral, TENs,
and ultrasound. Improvements in both groups were noted
with the symptom severity scale, VAS, median nervy neu-
rodynamic test, and Phalen’s test; however, the functional
status scale and EMG studies were significantly improved
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BOX 13.9 Summary of Guidelines for
Nonoperative Management 
of Carpal Tunnel Syndrome

Protect the nerve
■ Place in static wrist orthosis, in neutral position at night
■ Protect areas that have decreased sensitivity

Modify activity and educate the patient
■ Teach patient about provoking activities and how to modify

them
■ Teach safe exercises for home exercise program
■ Teach patient how to protect areas of decreased sensitivity

in the hand (see Box 13.5)

Mobilize restricted joints, connective tissue, 
and muscle/tendon
■ Mobilize carpals if restricted
■ Tendon gliding exercises
■ Median nerve mobilization exercises

Improve muscle performance
■ Gentle multi-angle muscle setting
■ Progress to resistance and endurance
■ Fine-finger dexterity

Progress functional independence
■ Involve patient in all aspects of program
■ Self-monitoring of symptoms

A B C

D E F

FIGURE 13.21 Positions for median nerve glides and mobilization
in the hand: (A) wrist neutral with fingers and thumb flexed; (B) wrist
neutral with fingers and thumb extended; (C) wrist and fingers 
extended, thumb neutral; (D) wrist, fingers, and thumb extended; 
(E) wrist, fingers, and thumb extended and forearm supinated; 
(F) wrist, fingers, and thumb extended, forearm supinated, and
thumb stretched into extension.
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in only the treatment group. The authors concluded that
the combination of routine physical therapy and neuromo-
bilization is an effective noninvasive treatment for patients
with CTS.

■  Muscle performance
■ Gentle multiple-angle muscle-setting exercises. Initially, gen-

tle muscle-setting exercises are the only resistance exercises
done. It is important that they do not provoke symptoms.

■ Strengthening and endurance exercises. Add proximal 
stabilization, postural strengthening, and endurance 
exercises.53 Utilize exercises that prepare the patient for
a return to functional activities.

■ Speed, coordination, endurance, and fine finger dexterity.
Emphasize these activities when the symptoms are no
longer provoked. Utilize activities that develop tip-to-tip
and tip-to-pad prehension in order to improve use of
the thenar muscles.

■  Functional independence. Teach the patient how to monitor
his or her hand for recurrence of symptoms and the provok-
ing factors and how to modify activities to decrease nerve
injury. Usually, sustained wrist flexion, ulnar deviation, and
repetitive wrist flexion and extension combined with grip-
ping and pinching are the most aggravating motions.

 FOCUS ON EVIDENCE
In a Cochrane review of 21 trials involving 884 people, a hand
brace significantly alleviated symptoms of CTS after 4 weeks;
in one trial involving 21 people, symptoms were significantly
diminished after 3 weeks with carpal bone mobilization
(compared to no intervention). Other evidence supported the
use of oral steroids, ultrasound, and yoga.63

Surgical and Postoperative
Management for CTS
If conservative measures do not relieve the nerve symptoms
or the neurological symptoms are severe (persistent numb-
ness, weakness, pain, and decreased functional use of the
hand),2,7,50,54 surgical decompression involving transection of
the transverse carpal ligament and excision of scar tissue is
performed to increase the volume of the carpal tunnel and
relieve the compressive forces on the median nerve. Surgery
may be an open carpal tunnel release or endoscopically as-
sisted carpal tunnel release.2,7,54 Postoperative therapy is open
to debate, especially following an uncomplicated carpal tun-
nel release; however, it may be initiated after surgery if there
are postoperative complications. The most important contri-
bution following surgery is wound management and patient
education regarding proper exercises, activity restrictions, and
return to activity.30 

Pillar pain is a relatively uncommon complication of un-
known etiology following carpal tunnel surgery. The pain is

localized in the thenar and hypothenar eminences and should
be distinguished from incisional pain or scar tenderness. Usu-
ally the pain decreases over time and may be treated with 
neuromodulation using a local anesthetic.30,56

Maximum Protection Phase
Usually a bulky dressing or orthosis is used following surgery.
The protective orthosis is removed during therapy.

PRECAUTION: Avoid active wrist flexion and extension for the
first 2 weeks after surgery.

■  Patient education. Educate the patient on expectations for
recovery. Initial decreases in grip and pinch strength should
gradually resolve with normal use of the hand.53 Neuro-
logical symptoms should resolve with time, with light
touch returning first.

■  Wound management, control of edema and pain.
■  Active tendon-gliding. Tendon-gliding (see Fig. 19.17 in

Chapter 19) exercises are important to prevent adhesion
formation from restricting motion in the carpal tunnel.4

■  Exercises for related areas. Active forearm, elbow, and
shoulder exercises are important to initiate in the initial
phase following surgery.

Moderate and Minimum Protection Phases
Sutures are removed between the 10th to 12th postoperative
day, and more active treatment is allowed.30 The patient
should be able to return to full activity by 6 to 12 weeks.
Residual impairments may include weakness, and sensory
deficits, persistent edema, limited motion, hypersensitivity,
and pain.

Suggested interventions include:

■  Scar tissue mobilization. Use soft tissue mobilization tech-
niques to the palmar fascia and scar.

■  Progressive neuromobilization. Begin gentle neuromobi-
lization techniques for the median nerve once symptoms
have resolved and the scar is completely healed. (2-3 weeks
post operatively)

■  Muscle performance. Begin isometric strengthening exer-
cises approximately 4 weeks after surgery. Progress to grip
and pinch exercises by 6 weeks. Emphasize strength, coor-
dination, and endurance toward functional goals. Wrist
and hand exercises are described and illustrated in detail
in Chapter 19.

■  Dexterity exercises. Begin as soon as signs of motor recov-
ery occur. Suggestions include picking up small objects
using pad-to-pad, tip-to-tip, and tip-to pad prehension
patterns; turning over cards; stacking checkers; writing; and
holding the perimeter of a jar lid and having the thumb
move around the edge in a circumduction motion.

■  Desensitization and discriminative sensory reeducation.
Desensitization of hypersensitive scar tissue and skin is a
priority. As the nerve recovers, help desensitize and repro-
gram awareness.30 These techniques were described earlier
in this chapter. Educate the patient about the progression
of nerve recovery such that an area that had absence of 
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sensation may have increased sensitivity and pain as it re-
covers. Symptoms typically subside within 1 to 6 months.

Ulnar Nerve Compression 
in the Tunnel of Guyon

Entrapment of the ulnar nerve in the Tunnel of Guyon, also
referred to as Guyon’s canal or ulnar tunnel, is second only to
entrapment at the elbow. There are three sites (zones) where
entrapment can occur.27,28

■  Zone 1 is proximal to the bifurcation of the nerve; com-
pression causes combined motor and sensory loss.

■  Zone 2 is just distal to the bifurcation of the nerve; com-
pression causes loss of motor function in ulnar-innervated
muscles in the hand.

■  Zone 3 encompasses the sensory branch; compression causes
sensory loss to the hypothenar eminence, small finger, and
part of the ring finger.

Etiology of Symptoms
Injury or irritation of the ulnar nerve in the tunnel between
the hook of the hamate and pisiform is the result of sustained
pressure, such as prolonged handwriting or leaning forward
onto extended wrists while biking; from repetitive gripping
with the fourth and fifth fingers, as with knitting, tying knots,
or using pliers and staplers; from trauma, such as falling on
the ulnar border of the wrist (with or without a fracture to
the hook of the hamate); or from a space-occupying lesion,
such as a ganglion or aneurysm of the ulnar artery.27

Examination
History. The patient describes sensory symptoms in the lit-
tle finger and ulnar side of the ring finger and may complain
of fatigue or weakness in the hand with repetitive motions
and difficulty with activities, such as opening jars or turning
doorknobs.

Positive clinical findings. Depending on severity, there may
be atrophy of the hypothenar eminence and intrinsic muscles
and a partial claw hand posture. Results of tests include 
intrinsic muscle weakness and positive Tinel’s sign over the
tunnel of Guyon (tapping the ulnar nerve).27,28

Associated areas to clear. There can be other causes of
ulnar nerve symptoms, such as tension, compression, or re-
stricted mobility of the nerve roots in the cervical interver-
tebral foramen, the brachial plexus in the thoracic outlet,
or the ulnar nerve as it courses through the bicipital groove,
or there could be impingement between the heads of the
flexor carpi ulnaris muscle. Each of these sites must be ex-
amined and ruled out as the cause of the symptoms28,61 (see
Fig. 13.6). In addition, with nerve irritability it is possible
to develop what is known as a double crush injury,40 where

the nerve develops symptoms at other areas along its course
as well as at the primary site.

Common Impairments of Structure
■  Pain and paresthesia along the ulnar side of the palm and

in the 4th and 5th digits in the distribution of the ulnar
nerve (see Fig. 13.6)

■  Progressive weakness or atrophy in the intrinsic muscles
innervated by the ulnar nerve

■  Restricted mobility in the flexor carpi ulnaris and extensor
carpi ulnaris 

■  Possible adhesions and restricted mobility of the pisiform

Common Impairments of 
Function, Activity Limitations, 
and Participation Restrictions
■  Decreased grip strength
■  Fatigue in the hand with repetitive or sustained activities
■  Inability to use fourth and fifth digits for spherical or 

cylindrical power grips
■  Decreased ability to perform provoking activity

Nonoperative Management
■  Follow the same guidelines as for CTS. Modify the provok-

ing activity, avoid pressure to the base of the palm of 
the hand, and provide rest with a hand-based ulnar gutter
orthosis.

■  Ulnar nerve mobilization: Move the wrist into extension
and radial deviation, then apply overpressure stretch into
extension against the ring and little finger. Include forearm
pronation and elbow flexion to move the nerve in a proxi-
mal direction. To test and mobilize the entire ulnar nerve,
see Figure 13.15.

Surgical Release and Postoperative
Management
If the patient’s symptoms do not improve with 6 to 12 weeks
of conservative treatment, or if there is progressive paralysis,
long-standing muscle wasting, and clawing of the digits, sur-
gical release of the ulnar tunnel is performed.27 After release,
the wrist is immobilized 3 to 5 days; then treatment begins
with gentle ROM. Follow the same guidelines as with carpal
tunnel surgery but with ulnar nerve mobilization techniques.

Complex Regional Pain
Syndrome

Complex regional pain syndrome (CRPS) is a painful, dis-
abling, and often chronic condition with a prevalence of an
estimated 50,000 new cases diagnosed in the United States
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every year.77 The most frequent causes of CRPS involve sur-
gery and trauma, and it occurs acutely in about 7% of patients
who have limb fractures, limb surgery, or other injuries, with
hand surgery being a particularly relevant factor.12,77 CRPS is
diagnosed purely on the basis of clinical signs and symptoms.
There are two key elements in the diagnosis of CRPS, the first
being that there is continuing pain disproportionate to the
inciting event and the second being that there is no other 
diagnosis that explains the signs and symptoms.8 It is widely
accepted that there are three forms of CRPS as summarized
in Box 13.10. CRPS Type I is caused by an initiating noxious
event, such as a crush or soft tissue injury, immobilization, a
tight cast or surgery, and involves the absence of an identified
nerve lesion. CRPS Type II involves the presence of an iden-
tifiable nerve lesion, and CRPS-NOS (not otherwise specified)
is where symptoms are consistent with CRPS but a specific
injury or lesion has not been determined as the cause. Regard-
less, multidisciplinary clinical care, which centers on a func-
tionally based approach, is recommended.9,12,14,32,36,44,59

Signs and Symptoms of CRPS 
CRPS is distinguished from other chronic pain conditions by
the presence of signs indicating prominent autonomic and
inflammatory changes in the region of pain. Pain is a key fea-
ture; however, other signs and symptoms may include sensory

abnormalities (burning pain and allodynia), trophic changes,
impairment of motor function, and emotional/psychological
responses12,36,49,77 (see Box 13.10).

Etiology of Symptoms
The underlying mechanism that stimulates the onset of these
syndromes is unclear; however, there has been significant
progress over the past few years in understanding the various
pathophysiological aspects of CRPS.8 After trauma or surgery,
the presence of inflammation is physiological; however, in CRPS
the inflammation lasts indefinitely. There is an abundance of
inflammatory mediators with a lack of anti-inflammatory me-
diators. This proinflammatory response sensitizes the peripheral
and spinal nociceptive systems facilitating the release of neu-
ropeptides inducing the signs of inflammation and stimulates
bone cell and fibroblast proliferation and endothelial dysfunc-
tion leading to vascular changes. During this inflammatory
stage, sensory-motor integration becomes disturbed, leading to
loss of motor function and distortion of body representation,
leading to autonomic disturbances.8,77

Clinical Course
Clinical signs and symptoms seem to be dynamic in nature,
where the impacted limb evolves from an acute warm phase
(limb is sensitive, swollen, and displays an elevated temper-
ature) to a chronic cold phase (resolution of inflammatory
appearance, decreased temperature, pain and disability per-
sist). In general, the evolution of CRPS is characterized by
the transition from an acute state with prominent peripheral
characteristics (Fig. 13.22) to a chronic state characterized
by central changes (such as central sensitization), including
persistent pain along with significant cognitive and mood 
alterations.12,49,77

CLINICAL TIP
It is important to recognize the early symptoms of CRPS when
the limb is in the acute warm stage because early intervention
may prevent progression to the cold chronic stage.12

Common Impairments of Structure 
in CRPS
■  Pain or hyperesthesia in the extremity disproportionate to

any inciting event
■  Limitation of motion and/or motor dysfunction (weakness

tremor, dystonia)
■  Sudomotor/edema: Edema and/or sweating changes

and/or sweating asymmetry (hyper or hypohydrosis) 
■  Vasomotor instability: temperature asymmetry and/or skin

color changes and/or asymmetry
■  Trophic changes: increased or decreased hair and nail

growth and/or skin changes (thin or shiny) 
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BOX 13.10 Classification and Clinical Features
of Complex Regional Pain
Syndromes

CRPS type I 
■ Develops after an initiating noxious event
■ Spontaneous pain or allodynia/hyperalgesia
■ Edema, vascular abnormalities
■ Abnormal sudomotor activity
■ Non-nerve origin

CRPS type II 
■ Develops after nerve injury
■ Not limited to territory of injured nerve
■ Edema; skin blood flow abnormality
■ Abnormal sudomotor activity

CRPS-NOS (not otherwise specified)
■ Specific injury or lesion has not been determined as the

cause of symptoms

Clinical features of CRPS (in addition to the
differences listed above)
■ Symptoms more marked distally in an extremity
■ Symptoms progress in intensity and spread proximally
■ Symptoms vary with time
■ Disproportion of symptoms in relation to the causing event
■ A specific diagnosis, such as diabetes or fibromyalgia, has

been excluded
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Common Impairments of 
Function, Activity Limitations, 
and Participation Restrictions
■  Pain avoidance behaviors, resulting in decreased use of the

involved limb in ADLs, which may cause muscle atrophy
or osteoporosis/ osteopenia in chronic stages

■  Slower at initiating movement and/or slower and more 
inaccurate in executing targeted movement with the 
involved limb

■  Gait abnormalities (when the lower extremity is involved)
■  Limitations in ability to participate in gainful employment

and/or housework
■  Limitations in ability to participate in leisure activities

Management
Effective treatment for CRPS requires recognition and prompt
intervention. Of patients with CRPS treated within the first
year of injury, 80% will show significant improvement and

only 50% of those treated after 1 year will show signs of 
improvement.44 It requires that the therapist is aware of pain
responses that exceed the normally expected reaction following
seemingly minor injuries as well as to be in tune with common
diagnoses that have a higher incidence for the development of
CRPS. It also requires the therapist to be alert to the develop-
ment of adverse symptomatology, which can be addressed
early despite the possibility of an incorrect or incomplete 
diagnosis.44,82

There is no gold standard for the treatment of CRPS, al-
though there is significant evidence to support the integration
of physical therapy focusing on functional restoration in com-
bination with pharmacotherapy and psychotherapy.10,32,36,59

Functional restoration is based on a gradual and steady pro-
gression from activation of presensorimotor cortices (motor
imagery) to very gentle active movements such as progressing
from active ROM to weight-bearing activities as described
below.36 The emphasis is on early diagnosis, early treatment,
and avoidance of implementing drug therapy independently
in order to prevent disuse of the affected limb and the psy-
chological consequences of living in pain.59 

Medical management. Medical management and pharma-
cology are most effective in combination with functional
restoration. If a patient is unable to participate in therapy due
to pain or other associated symptoms, medication can help
facilitate their progress. In the acute inflammatory phase, oral
corticosteroids are often beneficial. To address mild to mod-
erate pain a simple analgesic or opioids may be used to pro-
vide relief while interventional blocks may be necessary to
manage excruciating or intractable pain. For neuropathic
pain, anticonvulsants or tricyclic antidepressants may be pre-
scribed. Because there is often an emotional or psychological
component, medical intervention may include medications
to manage this area (sedatives, antidepressants, antianxiety)
in addition to psychotherapy.12,32,59 As with all medical in-
terventions, but especially with CRPS, it is critical for the
physical therapist to have a thorough understanding of med-
ication in order anticipate their impact on their patient’s plan
of care.

Physical therapy management. The goals for treating pa-
tients with CRPS include minimizing edema, desensitizing
the painful limb, normalizing sensation, promoting normal
positioning, decreasing muscle guarding, and increasing
functional use of the extremity.33,66 There is very little 
evidence to support the effectiveness of physical therapy 
despite the fact that most literature on CRPS cites the use
and critical importance for therapy intervention.9,12,66,73,82

Therefore, a practical, common sense approach can be taken
based on the patient’s presenting signs and symptoms in-
cluding tissue irritability, vasomotor status, and identified
impairments. The guidelines for management of CPRS are
summarized in Box 13.11.

■  Pain and edema control. Use modalities such as HVGS,
TENS, or heat or ice (depending on vasomotor status).
Fluidotherapy is particularly beneficial (despite the lack of

CHAPTER 13 Peripheral Nerve Disorders and Management 411

FIGURE 13.22 (A) In the early stages of complex regional pain syn-
drome, generalized edema is present. This edema is often localized
over the dorsum of the hand in the metacarpal and proximal inter-
phalangeal joint areas. (B) The edema is usually of a pitting nature, 
as indicated by the indentation that remains once the pressure is 
removed.

A

B
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empirical evidence) as active exercise may be combined
with this modality and has been shown to decrease pain.82

Utilize retrograde massage (as tolerated), elevation, com-
pression sleeves or gloves, and pneumatic compression
treatment for edema management.82

■  Mobility. In the early stages, use gentle, active exercises to
manage stiffness.82 It is important to avoid increasing
painful reactions that would decrease mobility. Have the pa-
tient actively move each joint for a short period of time.

They should follow this program of brief motion frequently
throughout the day.
■ In the hand, include tendon glide exercises (see Chapter 19,

Fig. 19.17) 
■ In the feet, include towel curls, sitting balance board pro-

gressing to gradual weight bearing, weight shifting, and
balancing on the involved limb during gait training.32,36

■ Aquatic therapy has also been shown to facilitate early
weight bearing.32

■  Muscle performance. Facilitate active muscle contractions.
Include joints proximal to the symptoms (shoulder/hip);
they often develop restrictions due to pain or lack of use.
Use active load bearing, utilizing closed chain techniques
for the upper and lower extremity. Distraction activities
such as carrying a light bag for the upper extremity should
be included for neuromuscular control as well as afferent
fiber stimulation. The objective is to provide tissue stress
with minimal joint motion. 

■  Mirror therapy. Patients with CRPS have an altered body
perception of their affected limb. They are slower to “con-
nect” with their affected limb before movement, and dis-
ruptions in their motor planning and processing have been
well described in the literature. Patient’s with CRPS often
closely guard their affected limb and disengage from nor-
mal activities due to pain. The purpose of mirror therapy
is to correct the sensorimotor incongruence by visualizing
the unaffected limb in the felt position of the affected limb.
Mirror therapy is an inexpensive and easily accessible tool
that brings significant pain relief to some patient’s with
CRPS, especially in the early stages.57,58

■ Position the involved limb inside the box with the unin-
volved limb parallel to mirror. Be sure and remove all
jewelry, watches, or other objects that might confuse the
brain. 

■ Have the patient look into the mirror to see the reflec-
tion of the limb, which will give the illusion that they are
looking at the limb that is hidden. 

■ Begin by keeping both limbs still, progress to moving the
limb outside the box while keeping the hidden one still.
To progress further, move the hidden limb within its
limit while taking the uninvolved limb through large
movements. The final progression would be to move the
limbs equally.

■  Graded motor imagery. This approach targets the activa-
tion of different brain regions in a graded manner. Treat-
ment consists of three components that include left/right
discrimination of the affected area, motor imagery re-
hearsal, and mirror therapy. (Refer to the work by Moseley
for detailed instruction.57,58)
■ Left/right discrimination links the unconscious brain

representation of a person’s body part and/or movement
of it. It is to be done as quickly as possible in order to ac-
cess deep movement planning areas in the brain.

■ Explicit motor imagery is an imagined movement. Start
by having the patient imagine a movement away from
the affected area so that they can experience the task and
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BOX 13.11 Summary of Guidelines for
Management of Complex 
Regional Pain Syndrome Type I 

Early intervention
Relieve pain and control edema
■ Modalities
■ Retrograde massage
■ Elevate, compression sleeve or glove

Correct sensorimotor incongruence
■ Mirror therapy
■ Graded motor imagery

Increase mobility (specific to involved tissues)
■ Gentle active motion specific to involved extremity 

Improve muscle performance
■ Active loading (closed chain activities)
■ Distraction

Improve total body circulation
■ Low impact aerobic exercise
■ Aquatic exercise

Desensitize the area
■ Desensitization techniques for brief periods 5×/day

Educate the patient
■ Teach interventions that deal with variable vasomotor

responses; when to use heat, cold, gentle exercises

Chronic stage
Manage pain
■ Modalities prior to or in conjunction with exercise as

needed
■ Desensitize the area
■ Progress desensitization techniques to increase tolerance

of various textures
■ Progress mirror therapy

Increase mobility (specific to involved tissues)
■ Joint mobilization/ manipulation of the upper thoracic or

lumbar spine (location of sympathetic ganglia) and soft
tissue mobilization/ manipulation as indicated

■ Neuromobilization
■ Passive and self-stretching techniques

Improve functional performance
■ Carefully monitor and progress strength, endurance, and

functional exercises
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obtain feedback on how it should feel. Progress by work-
ing toward the affected area.

■ Mirror therapy is as described on page 412.
■  Total body circulation and cardiac output. Initiate a pro-

gram of low-impact aerobic exercises. Consider aquatic
exercises to facilitate activity while minimizing the load in
early stages.

■  Desensitization. Utilize desensitization techniques (as de-
scribed earlier in this chapter) for brief periods five times
per day, such as having the patient work with various tex-
tures, percussion, pressure, and vibration. The therapist
should initiate desensitization techniques outside of the area
of hypersensitivity gradually narrowing the area toward the
area of greatest sensitivity.36,82

■  Patient education. Emphasize the importance of using the
affected limb in daily activity, even if it involves mild in-
creases in pain or associated symptoms. Care must be
taken, and working within the patient’s tolerance is essen-
tial so as not to reinforce anxiety and passive coping, which
can lead to further functional impairment.9

■ Teach the patient interventions that deal with the vari-
able vasomotor responses with the use of gentle heat,
gentle exercises for short periods throughout the day,
and use of associated parts of the extremity. 

■ Patient education involves explaining fear avoidance using
the patient’s individual symptoms, beliefs, and behaviors.
Patients are taught to view their various autonomic 
and vasomotor disturbances as a condition that can be

self-managed, rather than a disease where the affected
limb needs to be protected. During therapy, the patient
identifies painful or threatening situations and the thera-
pist gradually increases their exposure to these activities
until anxiety levels have decreased.32

CLINICAL TIP
Pain continues to be a variable throughout a patient’s recov-
ery, and therefore the initiation of any therapeutic exercise or
manual therapy technique should be carefully monitored and
adapted to the patient at each visit to minimize exacerbation
of symptoms.82

 FOCUS ON EVIDENCE
Evidence supports effective use of physical therapy for
CRPS with early intervention (acute stage), but there is con-
tradictory evidence for its effectiveness during the later
stages.35,41 In one study, the primary predictors for success
and satisfaction with patients during the chronic phase
after 6 months of therapy (evaluated at 12 months) was
with the patient group that began therapy at a higher base-
line of function, higher baseline ROM and strength, and
less baseline pain.41
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Independent Learning Activities

Critical Thinking and Discussion
1. Your patient describes intermittent sensory changes in the

index and middle finger. What are the possible causes? What
tests would you use to examine this patient? What results
would lead you to determine nerve mobility restrictions?

2. You have a new client who describes intermittent tingling
and sensations of heaviness in his hands whenever working
with his hands in an overhead position. He is an auto me-
chanic and frequently has to work this way. Identify possi-
ble causes of these symptoms. What is usually the source
of “tingling” sensations? What may be the source of the
“heaviness” feelings? Why would the overhead position
cause both vascular and neurological symptoms? Identify
possible sites that could cause these symptoms. What tests
would you use to confirm or rule out your hypotheses?

3. A 19-year-old patient presents with the medical diagnosis
of complex regional pain syndrome type I and the follow-
ing history.
■ Three-month history of midfoot pain that increases

with standing more than 5 minutes or running. Symp-
toms have increased over the past 3 weeks.

■ Stress fracture to the navicular was detected on radiogra-
phy, so patient was placed in a BK nonweight-bearing cast.

■ Foot discomfort increased and became more diffuse, ra-
diating into the lateral forefoot and digits even after pain
medications were prescribed.

■ Symptoms increased with burning or stinging pain,
edema, and discoloration of the digits.

■ Examination 3 weeks after cast applied: digits cool, ede-
matous, hyperesthetic, and hyperhidrotic. Passive and
active motions of ankle and toes were moderately
painful. Radiographs showed diffuse osteoporosis.

What would be your goals for this patient? Develop a pro-
gram of interventions.

4. Identify and describe everyday activities and/or positions
that mimic the neurodynamic test positions. These activ-
ities/positions may be patient complaints that indicate fur-
ther neurodynamic testing. For example, getting into a car
by straightening the leg and ducking the head mimics the
“slump” position.
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Laboratory Practice
1. With your laboratory partner, practice each of the neuro-

dynamic positions. Demonstrate how you would mobilize
restrictions for each of the nerves.

2. Practice each of the thoracic outlet tests and describe the
mechanics of each test. Identify and practice techniques
you could use to increase mobility or reduce compression
on the brachial plexus at each of the sites where compres-
sion or tension might occur. Design an exercise program
and progression for managing impairments that could
cause TOS symptoms.

3. Practice desensitization and sensory reeducation tech-
niques by doing each of the following.
■ Gather 10 pieces of material of various textures. Place

them in order of least irritating to most irritating. Practice

sensory stimulation techniques by gently rubbing each
material across your fingers.

■ Use five plastic tubs or buckets. Place each of the follow-
ing in a container: dry peas or beans, spiral macaroni,
sand, fine gravel, and seeds. Practice sensory stimulation
by moving your hand (or foot) through each of the 
textures.

■ Have your laboratory partner place several familiar
household items in a bag (e.g., key, dime, penny, can
opener). Without looking, attempt to identify each one.
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Posture is alignment of the body parts whether upright,
sitting, or recumbent. It is described by the positions of the
joints and body segments and also in terms of the balance
between the muscles crossing the joints.46 Impairments in
the joints, muscles, or connective tissues may lead to faulty
postures, or, conversely, faulty postures may lead to impair-
ments in the joints, muscles, and connective tissues as well
as symptoms of discomfort and pain. Many musculoskele-
tal complaints can be attributed to stresses that occur from
repetitive or sustained activities when in a habitually faulty
postural alignment. This chapter reviews the structural 
relationships of the spine and extremities to normal and
abnormal posture and describes the mechanisms that con-
trol posture. Common postural impairments and general
guidelines for their management are described. Specific 
exercises for the various body regions are highlighted in this
chapter and are described in detail in the succeeding chapters
in Part IV of the text. Chapter 15 describes the common

pathologies associated with the spine and details management
guidelines, and Chapter 16 describes spinal exercises and
manual interventions in detail.

Structure and Function 
of the Spine

Structure

The structure of the spinal column consists of 33 vertebrae
(7 cervical, 12 thoracic, 5 lumbar, 5 fused sacral, and 3 or 
4 coccygeal) and their respective intervertebral discs. Articu-
lating with the spine are the 12 pair of ribs in the thoracic 
region, the cranium at the top of the spine at the occipital-
atlas joint, and the pelvis at sacroiliac joints (Fig. 14.1).
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Functional Components of the Spine
Functionally, the spinal column is divided into anterior and
posterior pillars (Fig. 14.2).16

■  The anterior pillar is made up of the vertebral bodies and
intervertebral discs and is the hydraulic, weight-bearing,
shock-absorbing portion of the spinal column. The size of

the disc influences the amount of motion available between
two vertebrae.

■  The posterior pillar, or vertebral arch, is made up of the 
articular processes and facet joints, which provide the gliding
mechanism for movement. The orientation of the facets 
influences the direction of motion. Also part of the posterior
unit are the boney levers, the two transverse processes, and
the spinous process to which the muscles attach and function
to cause and control motions and provide spinal stability.

Motions of the Spinal Column
Motion of the spinal column is described both globally and
at the functional unit or motion segment. The functional
unit is comprised of two vertebrae and the joints in between
(typically, two zygapophyseal facet joints and one interver-
tebral disc). Generally, the axis of motion for each unit is in
the nucleus pulposus of the intervertebral disc. Because the
spine can move from top down or bottom up, motion at a
functional unit is defined by what is occurring with the an-
terior portion of the body of the superior vertebra (Fig. 14.3).

418 Structure

7 Cervical vertebrae

12 Thoracic vertebrae

5 Lumbar vertebrae

5 Sacral vertebrae

4 Coccygeal vertebrae

A B

FIGURE 14.1 (A) Lateral and (B) posterior views showing the five regions of the spinal column. (From Levangie, P, and Norkin, C [eds]: Joint
Structure and Function: A Comprehensive Analysis, ed. 5. Philadelphia: F.A. Davis, 2011, p 141 with permission.)

A B

FIGURE 14.2 Spinal segment showing (A) the anterior weight-
bearing, shock-absorbing portion and (B) the posterior gliding 
mechanism and lever system for muscle attachments.
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The Six Degrees of Motion

Flexion/extension. Motion in the sagittal plane results in
flexion (forward bending) or extension (backward bending).
With flexion, the anterior portion of the bodies approximate
and the spinous processes separate; with extension, the ante-
rior portion of the bodies separate and the spinous processes
approximate.

Side bending. Motion in the frontal plane results in side
bending (lateral flexion) to the left or right. With side bend-
ing, the lateral edges of the vertebral bodies approximate on
the side toward which the spine is bending and separate the
opposite side.

Rotation. Motion in the transverse plane results in rotation.
Rotation to the right results in relative movement of the body
of the superior vertebrae to the right and its spinous process
to the left; the opposite occurs with rotation to the left. If
movement occurs from the pelvis upward, the motion is still
defined by the relative motion of the top vertebra.

Anterior/posterior shear. Forward or backward shear
(translation) occurs when the body of the superior vertebra
translates forward or backward on the vertebra below.

Lateral shear. Lateral shear (translation) occurs when the
body of the superior vertebra translates sideways on the 
vertebra below.

Compression/distraction. Separation or approximation 
occurs with a longitudinal force, either away from or toward
the vertebral bodies.

Arthrokinematics of the
Zygapophyseal (Facet) Joints
Each region of the spine has its own special considerations as
pertains to arthrokinematic movement and function. The
arthrokinematics of the craniovertebral (suboccipital) area

are described below. The remainder of the cervical spine and
all the thoracic facets have relatively flat articular surfaces and
glide on the adjacent facet joint.16 The superior facets of the
lumbar spine are concave and articulate with the adjacent 
inferior convex facets.65 The arthrokinematics that are de-
scribed in this section are summarized in ONLINE Table 14.1
available on the FA Davis website associated with this text.

Coupled motions typically occur at a segmental level when
a person side bends or rotates their spine. Coupled motion is
defined as “consistent association of one motion about an 
axis with another motion around a different axis”16 and varies 
depending on the region, the spinal posture, the orientation
of the facets, and factors such as extensibility of the soft tis-
sues. When motions of side bending and rotation are coupled,
foraminal opening is dictated by the side bending component.

Cervical spine. The cervical spine can be divided into the
craniovertebral region and the “typical” cervical region.

■  The craniovertebral region is composed of the occiput, atlas,
and superior facets of the axis.

■  The  occipito-atlanto (OA) joint is considered a ball and
socket joint; the convex facets of the occiput articulate with
the concave facets of the atlas. Its primary motions are 
forward and backward nodding (flexion and extension)
(Fig. 14.4). There is a small amount of side bending avail-
able at the OA joint; rotation and side bending are coupled
in opposite directions in this region.

■  The atlanto-axial (AA) joint consists of convex articulating
surfaces of the atlas articulating on the convex articulating
surfaces of the axis; its primary motion is rotation as the
atlas pivots around the dens of the axis. It is important to
note that, during rotation, one side of the AA joint complex
is behaving as though it is flexing (moving forward) and
the other side as though it is extending (moving backward)
(Fig. 14.5). 

■  The typical cervical region includes the inferior facets of the
axis and rest of the cervical spine; it features facet joints
that are angled at 45° from the horizontal plane. Side bend-
ing and rotation typically couple toward the same side.

■  Another unique characteristic of the cervical spine is the
joints of Luschka. These bony projections provide lateral
stability to the spine and reinforce the vertebral disc 
posterolaterally.

Thoracic spine. The thoracic facets begin in a frontal plane
orientation and transition to a sagittal plane orientation as
they near the lumbar spine. The ribs articulate with the 
thoracic spine at the transverse processes as well as the 
vertebral bodies and IV discs. In the upright posture, side
bending and rotation typically couple in the same direction
in the upper thoracic spine and in the opposite directions
in the lower thoracic region,16 although variability has been
described.78

Lumbar spine. As the lumbar facets transition from a sagit-
tal plane to a frontal plane orientation, some of the facets have
a biplanar orientation.16 Coupling varies in that with lateral
flexion, rotation occurs to the same side, but with rotation,
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A B C

D E F

FIGURE 14.3 Motions of the spinal column. (A) Flexion/extension
(forward/backward bending). (B) Lateral flexion (side bending). 
(C) Rotation. (D) Anterior/posterior shear. (E) Lateral shear. 
(F) Distraction/compression.
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lateral flexion occurs opposite16; there is variability with
flexion and extension.

Structure and Function of
Intervertebral Discs and
Cartilaginous End-Plates
The intervertebral disc, consisting of the annulus fibrosus and
nucleus pulposus, is one component of a three-joint complex
between two adjacent vertebrae and cartilaginous end-plates

of the vertebral bodies. The structure of the disc dictates its
function (Fig. 14.6).16,50

Annulus fibrosus. The outer portion of the disc is made up
of dense layers of type I collagen fibers. The collagen fibers in
any one layer are parallel and angled around 60˚ to 65˚ to
the axis of the spine, with the tilt alternating in successive 
layers.31,47 Because of the orientation of the fibers, tensile
strength is provided to the disc by the annulus when the spine
is distracted, rotated, or bent. This structure helps restrain the
various spinal motions as a complex ligament. The annulus
is firmly attached to adjacent vertebrae, and the layers are
firmly bound to one another. Fibers of the innermost layers
blend with the matrix of the nucleus pulposus. The annulus
fibrosus is supported by the anterior and posterior longitu-
dinal ligaments.

Nucleus pulposus. The central portion of the disc is a gelat-
inous mass that normally is contained within, but whose
loosely aligned type II collagen fibers merge with the inner
layer of the annulus fibrosus. It is located centrally in the disc
except in the lumbar spine, where it is situated closer to the
posterior border than the anterior border of the annulus.
Aggregating proteoglycans, normally in high concentration

420 Structure
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ATLANTO-OCCIPITAL JOINT MOTION
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Atlas
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15°
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FIGURE 14.4 Nodding motions of the atlanto-occipital joints. (A) Flexion. (B) Extension. (From Levangie, P, and Norkin, C [eds]: Joint Structure
and Function: A Comprehensive Analysis, ed. 5. Philadelphia: F.A. Davis, 2011, p 141 with permission.)

Axis

Atlas

FIGURE 14.5 Rotation of the atlas-axis joints (view from the side).
(A) Right rotation showing backward movement of the right articulat-
ing surface of C1 on C2. (B) Left rotation showing forward movement
of the right articulating surface of C1 on C2.

A B
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in a healthy nucleus, have great affinity for water. The result-
ing fluid mechanics of the confined nucleus functions to 
distribute pressure evenly throughout the disc and from one
vertebral body to the next under loaded conditions. Because
of the affinity for water, the nucleus imbibes water when pres-
sure is reduced on the disc and squeezes water out under com-
pressive loads. These fluid dynamics provide transport for
nutrients and help maintain tissue health in the disc.

With flexion (forward bending) of a vertebral segment, the
anterior portion of the disc is compressed, and the posterior
is distracted. The nucleus pulposus generally does not move
in a healthy disc but may have slight distortion with flexion,
potentially to redistribute the load through the disc.48 Asym-
metrical loading in flexion results in distortions of the nucleus
toward the contralateral posterolateral corner, where the
fibers of the annulus are more stretched.

Cartilaginous end-plates. End-plates cover the nucleus
pulposus superiorly and inferiorly and lie between the 
nucleus and vertebral bodies. Each is encircled by the apophy-
seal ring of the respective vertebral body.16 The collagen
fibers of the inner annulus fibrosus insert into the end-plate
and angle centrally, thus encapsulating the nucleus pulpo-
sus. Nutrition diffuses from the marrow of the vertebral
bodies to the disc via the end-plates.16 The end-plates are
also responsible for containing the nucleus from migrating
superior/inferior.

Intervertebral Foramina
The intervertebral foramina are between each vertebral seg-
ment in the posterior pillar. Their anterior boundary is the
intervertebral disc, the posterior boundary is the facet joint,
and the superior and inferior boundaries are the pedicles of
the superior and inferior vertebrae of the spinal segment. The

mixed spinal nerve exits the spinal canal via the foramen
along with blood vessels and recurrent meningeal or sinuver-
tebral nerves. The size of the intervertebral foramina is af-
fected by spinal motion, being larger with forward bending
and contralateral side bending and smaller with extension and
ipsilateral side bending.

Biomechanical Influences 
on Postural Alignment

Curves of the Spine
The adult spine is divided into four curves: two primary, or
posterior, curves, so named because they are present in the
infant and the convexity is posterior, and two compensatory,
or anterior, curves, so named because they develop as the 
infant learns to lift the head and eventually stand, and the
convexity is anterior.

■  Posterior curves are in the thoracic and sacral regions.
Kyphosis is a term used to denote a posterior curve. Kyphotic
posture refers to an excessive posterior curvature of the
thoracic spine.46

■  Anterior curves are in the cervical and lumbar regions.
Lordosis is a term also used to denote an anterior curve, 
although some sources reserve the term lordosis to denote
abnormal conditions such as those that occur with a sway
back.46

■  The curves and flexibility in the spinal column are important
for withstanding the effects of gravity and other external
forces.16,56

■  The structure of the bones, joints, muscles, and inert tis-
sues of the lower extremities are designed for weight bear-
ing; they support and balance the trunk in the upright
posture. Lower extremity alignment and function are 
described in greater detail in each of the extremity chapters
(see Chapters 20 to 22).

Gravity
When looking at posture and function, it is critical to under-
stand the influence of gravity on the structures of the trunk
and lower extremities. Gravity places stress on the structures
responsible for maintaining the body upright and therefore
provides a continual challenge to stability and efficient move-
ment. For a weight-bearing joint to be stable, or in equilib-
rium, the gravity line of the mass must fall exactly through
the axis of rotation, or there must be a force to counteract the
moment caused by gravity.49 In the body, the counterforce is
provided by either muscle or inert structures. In addition, the
standing posture usually involves a slight anterior/posterior
swaying of the body of about 4 cm, so muscles are necessary
to control the sway and maintain equilibrium.

In the upright posture, the line of gravity transects the
spinal curves, which are balanced anteriorly and posteriorly,
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FIGURE 14.6 Intervertebral disc. (A) The annular rings enclose the
nucleus pulposus, providing a mechanism for dissipating compres-
sive forces. (B) Orientation of the layers of the annulus provides 
tensile strength to the disc with motions in various directions.
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and it is close to the axis of rotation in the lower extremity
joints. The following describes the standard of a balanced 
upright posture (Fig. 14.7).

gravitational line shifts posterior to the joint, some posterior
rotation of the pelvis occurs but is controlled by tension in the
hip flexor muscles (primarily the iliopsoas). During relaxed
standing, the iliofemoral ligament provides passive stability
to the joint, and no muscle tension is necessary. When the
gravitational line shifts anteriorly, stability is provided by
active support of the hip extensor muscles.

Trunk. Normally, the gravity line in the trunk goes through
the bodies of the lumbar and cervical vertebrae, and the curves
are balanced. Some activity in the muscles of the trunk and
pelvis helps maintain the balance. (This is described in greater
detail in the following sections.) As the trunk shifts, contralat-
eral muscles contract and function as guy wires. Extreme or
sustained deviations are supported by inert structures.

Head. The center of gravity of the head falls anterior to the
atlanto-occipital joints. The posterior cervical muscles con-
tract to keep the head balanced.

Stability

When standing, the center of gravity typically falls slightly 
anterior to S2 in the pelvis. So long as the line of gravity from
the center of mass falls within the base of support, a structure
is stable. Stability is improved by lowering the center of grav-
ity or increasing the base of support. In the upright position,
the body is relatively unstable because it is a tall structure with
a small base of support. When the center of gravity falls out-
side the base of support, either the structure falls or some
force must act to keep the structure upright. Both inert and
dynamic structures support the body against gravitational
and other external forces. The inert osseous and ligamentous
structures provide passive tension when a joint reaches the
end of its range of motion (ROM). Muscles act as dynamic
guy wires, responding to perturbations by providing coun-
terforces to the torque of gravity as well as stability within the
ROM so stresses are not placed on the inert tissues.

Postural Stability in the Spine
Spinal stability is described in terms of three subsystems: 
passive (inert structures/bones and ligaments), active (muscles),
and neural control.24,64 The three subsystems are interrelated
and can be thought of as a three-legged stool; if any one of
the legs is not providing support, it affects the stability of the
whole structure.64 Instability of a spinal segment is often a
combination of inert tissue damage, insufficient muscular
strength or endurance, and poor neuromuscular control.3,24

Inert Structures: Influence on Stability
Penjabi63,64 described the ROM of any one segment as being
divided into an elastic zone and a neutral zone. When spinal
segments are in the neutral zone (midrange/neutral range),
the inert joint capsules and ligaments provide minimal passive

422 Stability

FIGURE 14.7 Lateral view of standard postural alignment. A plumb
line is typically used for reference and represents the relationship of
the body parts with the line of gravity. Surface landmarks are slightly
anterior to the lateral malleolus, slightly anterior to the axis of the
knee joint, through the greater trochanter (slightly posterior to the
axis of the hip joint), through the bodies of the lumbar and cervical
vertebrae, through the shoulder joint, and through the lobe of the ear.

Ankle. For the ankle, the gravity line is anterior to the joint,
so it tends to rotate the tibia forward about the ankle. Stability
is provided by the plantarflexor muscles, primarily the soleus
muscle.

Knee. The normal gravity line is anterior to the knee joint,
which tends to keep the knee in extension. Stability is pro-
vided by the anterior cruciate ligament, posterior capsule
(locking mechanism of the knee), and tension in the muscles
posterior to the knee (the gastrocnemius and hamstring mus-
cles). The soleus provides active stability by pulling posteriorly
on the tibia. With the knees fully extended, no muscle support
is required at that joint to maintain an upright posture; how-
ever, if the knees flex slightly, the gravity line shifts posterior
to the joint, and the quadriceps femoris muscle must contract
to prevent the knee from buckling.

Hip. The gravity line at the hip varies with the swaying of
the body. When the line passes through the hip joint, there is
equilibrium, and no external support is necessary. When the
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resistance to motion and therefore minimal stability. As a seg-
ment moves into the elastic zone, the inert structures provide
restraint as passive resistance to the motion occurs. When a
structure limits movement in a specific direction, it provides
stability in that direction. In addition to the inert tissues pro-
viding passive stability when limiting motion, the sensory 
receptors in the joint capsules and ligaments sense position and
changes in position. Stimulation of these receptors provides
feedback to the central nervous system, thus influencing the
neural control system.64,66 The stabilizing features of the inert
tissues in the spine are summarized in ONLINE Table 14.2
available on the FA Davis website associated with this text.

Muscles: Influence on Stability
The muscles of the trunk not only act as prime movers or as
antagonists to movement caused by gravity during dynamic
activity; they are important stabilizers of the spine.3,9,11,27,39,54,66

Without the dynamic stabilizing activity from the trunk mus-
cles, the spine would collapse in the upright position.14

Role of Global and Segmental Muscle Activity
Both superficial (global) and deep (segmental) muscles play
critical roles in providing stability and maintaining the upright
posture. Table 14,1 summarizes the stabilizing characteristics
of these two muscle groups.

Global muscle function. In the lumbar spine, the global mus-
cles, being the more superficial of the two groups, are the large
guy wires that respond to external loads imposed on the trunk
that shift the center of mass (Fig. 14.8 A). Their reaction is 

direction specific to control spinal orientation.3,39 The global
muscles are unable to stabilize individual spinal segments except
through compressive loading because they have little or no 
direct attachment to the vertebrae. If an individual segment is
unstable, compressive loading from the global guy wires may
lead to or perpetuate a painful situation as stress is placed on the
inert tissues at the end of the range of that segment (Fig. 14.8 B). 

Deep/segmental muscle function. The deeper, segmental
muscles, which have direct attachments across the vertebral
segments, provide dynamic support to individual segments
in the spine and help maintain each segment in a stable posi-
tion, so the inert tissues are not stressed at the limits of 
motion (Fig. 14.9).39,43,44,55
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TABLE 14.1 Stabilizing Features of Muscles Controlling the Spine

Global Muscles Deep Segmental Muscles

Characteristics

■ Superficial: farther from axis of motion
■ Cross multiple vertebral segments
■ Produce motion and provide large guy wire function
■ Compressive loading with strong contractions

Lumbar region

■ Rectus abdominis
■ External and internal obliques
■ Quadratus lumborum (lateral portion)
■ Erector spinae
■ Iliopsoas

Cervical region

■ Sternocleidomastoid
■ Scalene
■ Levator scapulae
■ Upper trapezius
■ Erector spinae

■ Deep: closer to axis of motion
■ Attach to each vertebral segment
■ Control segmental motion; segmental guy wire function
■ Greater percentage of type I muscle fibers for muscular

endurance

■ Transversus abdominis
■ Multifidus
■ Quadratus lumborum (deep portion)
■ Deep rotators

■ Rectus capitis anterior and lateralis
■ Longus colli

A B

FIGURE 14.8 (A) Guy wire function of global trunk muscles provides
overall stability against perturbations. (B) Instability in the multiseg-
mental spine cannot be controlled by the global trunk muscle guy
wires. Compressive loading from the long guy wires leads to stress 
on the inert tissues at the end-ranges of the unstable segment.
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Muscle Control in the Lumbar Spine
General muscle function and stabilizing actions of the mus-
cles of the spine described in this section are summarized in
ONLINE Table 14.3 available on the FA Davis website associ-
ated with this text.

Abdominal muscles (Fig. 14.10). The rectus abdominis
(RA), external oblique (EO), and internal oblique (IO) mus-
cles are large, multisegmental global trunk flexor muscles
and are important guy wires for stabilizing the spine against
postural perturbations. The transversus abdominis (TrA) is
the deepest of the abdominal muscles and responds uniquely
to postural perturbations. It attaches posteriorly to the lumbar
vertebrae via the posterior and middle layers of the thoracolum-
bar fascia (Figs. 14.11 and 14.12) and through its action develops
tension that acts like a girdle of support around the abdomen
and lumbar vertebrae. Only the TrA is active with both isometric
trunk flexion and extension, whereas the other abdominal
muscles have decreased activity with resisted extension. This is
attributed to the stabilization function of the TrA.13,41

Transversus abdominis stabilization activity. Early elec-
tromyographic research studies of the activity of the deeper 
abdominal muscles in their stabilization function were
done with surface electrodes and did not discriminate 
activity between the TrA and IO. By using ultrasound imaging
techniques, insertion of fine-needle electrodes into the various
muscles has produced evidence of differing functions between
these two muscles with perturbations to balance in healthy 
individuals as well as those who have low back pathology.37

The TrA responds with anticipatory activity and with rapid
arm and leg movements (before the other abdominals) and
coordinates with respiration during these activities.39,43,44 The
TrA also has a coordinated link with the perineum and pelvic
floor muscle function (see Chapter 25),7,15,57,69,70 as well as
with the deep fibers of the multifidi.39,42-44,55 The “drawing-in”
maneuver is used to activate the TrA voluntarily and, with
training, produces the most independent activity of this
muscle.67,76 Training the TrA for postural control and sta-
bility has been shown to improve the long-term outcome in
patients experiencing their first episode of low back pain.32

(See Chapter 16 for a description of this maneuver.)

 FOCUS ON EVIDENCE
In a study involving 42 healthy controls and 56 people with
back pain, the thickness of the TrA and LM muscle groups
measured with ultrasound imaging was calculated at rest and
then during a stabilizing contraction with no resistance. The
results were expressed as a percentage of change in thickness
during these times of measurement. It was found that the
healthy group average increase was 60% for the TrA and
30% for the LM. This was compared with 40% and 20%, 
respectively, for the group with LBP.19 However, a systematic
review reported conflicting evidence for a relationship in 
percentage of change in LM thickness and functional out-
comes following various conservative interventions.80

Erector spinae muscles (Fig. 14.13). The erector spinae
muscles are the long, multisegmental extensors that begin 
as a large musculotendinous mass over the sacral and lower
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FIGURE 14.9 Deep muscles attached to each spinal segment 
provide segmental stability.

FIGURE 14.10 Abdominal muscles.
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FIGURE 14.11 Transverse section in the lumbar region shows 
the relationships of the three layers of the thoracolumbar fascia 
to the muscles in the region and their attachments to the spine. 
(ES, erector spinae; MF, multifidus; TA, transversus abdominis; IO, 
internal obliques; EO, external obliques; LD, latissimus dorsi; 
PM, psoas major; QL, quadratus lumborum muscles)
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lumbar vertebrae. They are important global guy wires for
controlling the trunk against postural perturbations.

Multifidus stabilization activity. The multifasciculed mul-
tifidi muscle group has a high distribution of type I fibers and
large capillary network, emphasizing its role as a tonic stabi-
lizer. Its segmental attachments are able to control movement
of the spinal segments as well as increase spinal stiffness. The
multifidus, along with the erector spinae, are encased by the
posterior and middle layers of the lumbodorsal fascia (see 
Fig. 14.11), so bulk and muscle contraction increase tension
on the fascia, adding to the stabilizing function of the fascia
(see below for a description of this mechanism).

In patients with low back impairment, the fibers of the 
multifidi quickly atrophy at the spinal segment,6.33 and a moth-
eaten appearance has been reported in patients undergoing
surgery for lumbar disc disease.66 Additionally, it has been 
reported that individuals with LBP have been shown to have
significantly more fatty infiltration in the LM when compared
with healthy controls.10,18 This reflects that muscle quality
might be a precursor in reoccurring LBP. Evidence supports
the idea that training with specific exercises increases the func-
tion of the multifidi as well as the erector spinae in gen-
eral.17,32,34 Other deep muscles that theoretically play a role in
segmental stability but to this point in time have been difficult
to assess because of their depth include the intersegmental
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muscles (rotators and intertransversarii muscles) and deep
fibers of the quadratus lumborum.

 FOCUS ON EVIDENCE
Inactivity has been shown to increase the risk of high fat con-
tent in the multifidus as well as higher pain intensity and dis-
ability.73 Additionally, it has been reported in a systematic
review that the paraspinal muscles are significantly smaller in
patients with chronic LBP.22 However, no significant correlation
has been associated with decreased physical activity and a de-
creased cross-sectional area of the multifidi or erector spinae.73

Conversely, in another systematic review, strong evidence was
identified that changes in TrA thickness during contraction
were unrelated to low back pain intensity and changes in the
multifidi muscles and clinical outcomes were uncertain.79

Thoracolumbar (lumbodorsal) fascia. The thoracolumbar
fascia is an extensive fascial system in the back that consists
of several layers.8,9,27-29 It surrounds the erector spinae, mul-
tifidi, and quadratus lumborum, thus providing support to
these muscles when they contract28 (see Fig. 14.11). Increased
bulk in these muscles increases tension in the fascia, perhaps
contributing the stabilizing function of these muscles.

FIGURE 14.12 Orientation and attachments of the posterior layer of the thoracolumbar fascia. From the lateral raphe, (A) the fibers of the 
superficial lamina are angled inferiorly and medially and (B) the fibers of the deep lamina are angled superiorly and medially. (C) Tension in 
the angled fibers of the posterior layer of the fascia is transmitted to the spinous processes in opposing directions, resisting separation of the
spinous processes. (D) Diagrammatic representation of a lateral pull at the lateral raphe, resulting in tension between the lumbar spinous
processes that oppose separation, thus providing stability to the spine. (A–C: adapted from Bogduk, N, and MacIntosh, JE: The applied anatomy 
of the thoracolumbar fascia. Spine 9:164–170, 1984, pp 166–167, 169, with permission; D: adapted from Gracovetsky, S, Farfan, H, and Helleur, C:
The abdominal mechanism. Spine 10:317–324, 1985, p 319, with permission.)
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The aponeurosis of the latissimus dorsi and fibers from the
serratus posterior inferior, internal oblique, and transverse
abdominis muscles blend together at the lateral raphe of
the thoracolumbar fascia, so contraction in these muscles 
increases tension through the angled fascia, providing stabi-
lizing forces for the lumbar spine28 (see Fig. 14.12). In addi-
tion, the “X” design of the latissimus dorsi and contralateral
gluteus maximus has the potential to provide stability to the
lumbosacral junction.

Muscle Control in the Cervical Spine
The fulcrum of the head on the spine is through the occipital/
atlas joints. The center of gravity of the head is anterior to the
joint axis and therefore has a flexion moment. The weight of
the head is counterbalanced by the cervical extensor muscles
(upper trapezius and cervical erector spinae). Tension and
fatigue in these muscles, as well as in the levator scapulae
(which supports the posture of the scapulae), is experienced
by most people who experience postural stress to the head
and neck (Fig. 14.14). The position of the mandible and the
tension in the muscles of mastication are influenced by the
postural relationship between the cervical spine and head.

Mandibular elevator group. The mandible is a movable
structure that is maintained in its resting position with the

jaw partially closed through action of the mandibular eleva-
tors (masseter, temporalis, and medial pterygoid muscles).

Suprahyoid and infrahyoid group. The anterior throat
muscles assist with swallowing and balancing the jaw against
the muscles of mastication. These muscles also function to
flex the neck when rising from the supine position. With a
forward head posture, they, along with the longus colli, tend
to be stretched and weak so the person lifts the head with the
sternocleidomastoid (SCM) muscles. In addition, with a for-
ward head posture, the suprahyoid muscles have a tendency
to pull the mandible into depression due to their orientation
and attachments at the hyoid and mandible. This is counter-
acted by the mandibular elevator muscle group, which creates
a sustained contraction in order to keep the mouth closed.

Rectus capitis anterior and lateralis, longus colli, and
longus capitis (Fig. 14.15). The deep craniocervical flexor
muscles have segmental attachments and provide dynamic
support to the cervical spine and head.30 The longus colli is
important in the action of axial extension (retraction) and
works with the SCM for cervical flexion. Without the seg-
mental influence of the longus colli, the SCM would cause 
increased cervical lordosis when attempting flexion.5

Multifidus. With its segmental attachments, the multifidus is
thought to have a local stabilizing function in the cervical spine
similar to its function in the lumbar region (see Fig. 14.13).30
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FIGURE 14.14 Head balance on the cervical spine. The posterior 
cervical muscles (trapezius and semispinalis capitis) counter the weight
of the head. The mandibular elevating muscles (masseter, temporalis,
medial pterygoid) maintain jaw elevation opposing the mandibular 
depression force of gravity and tension in the anterior throat muscles
(suprahyoid and infrahyoid groups). The scalene and levator muscles
stabilize against the posterior and anterior translatory forces on the 
cervical vertebrae. (TR, trapezius; SC, semispinalis capitis; M, masseter;
T, temporalis; MT, medial pterygoid; SH, suprahyoid; IH, infrahyoid; S, 
scalene; LS, levator scapulae; G, center of gravity; ▲, axis of motion.)
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FIGURE 14.13 Muscles of the back.
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Role of Muscle Endurance
Strength is critical for controlling large loads or responding
to large and unpredictable loads (such as during laborious 
activities, sports, or falls), but only about 10% of maximum
contraction is needed to provide stability in usual situations.3

Slightly more might be needed in a segment damaged by disc
disease or ligamentous laxity when muscles are called on to
compensate for the deficit in the passive support.3 In a study
that looked at 17 mechanical factors and the occurrence of
low back pain in 600 subjects (ages 20 through 65), poor
muscular endurance in the back extensors muscles had the
greatest association with low back pain.59

Greater percentages of type I fibers than type II fibers are
found in all back muscles, which is reflective of their postural
and stabilization functions.58

Neurological Control: Influence 
on Stability
The muscles of the neck and trunk are activated and con-
trolled by the nervous system, which is influenced by periph-
eral and central mechanisms in response to fluctuating forces
and activities. Basically, the nervous system coordinates the
response of muscles to expected and unexpected forces at the
right time and by the right amount by modulating stiffness
and movement to match the various imposed forces.3,20,39

Feedforward control and spinal stability. The central nerv-
ous system activates the trunk muscles in anticipation of the
load imposed by limb movement to maintain stability in the
spine.44 Research has demonstrated that there are feedforward
mechanisms that activate postural responses of all trunk 
muscles preceding activity in muscles that move the extremi-
ties39,42,44 and that anticipatory activation of the transversus
abdominis and deep fibers of the multifidus is independent of

the direction or speed of the postural disturbance.37,38,43,55 The
more superficial trunk muscles vary in response depending 
on the direction of arm and leg movement, reflective of
their postural guy wire function, which controls displace-
ment of the center of mass when the body changes config-
uration.39,44 There are reported differences in patterns of
muscle recruitment in patients with low back pain with delayed
recruitment of the transversus abdominis in all movement 
directions and delayed recruitment of the rectus abdominis,
erector spinae, and oblique abdominal muscles specific to the
direction of movement compared to healthy subjects.40

 FOCUS ON EVIDENCE
A study by Allison and associates1 collected data from muscle
activity of the TrA, internal obliques, erector spinae, and 
multifidus muscle groups bilaterally in seven subjects and
provided evidence that challenges the concept of bilateral feed
forward symmetry in the activation of the TrA and that also
contradicts previously published studies that contraction of
the TrA is independent of the direction of arm movement caus-
ing trunk perturbations. The data support the motor control
strategy of feed-forward activity but challenge the influence 
of support to the spine through symmetrical force generation
due to the asymmetry in activation patterns dependent on side
and direction of arm movement and thus direction of trunk
perturbations. The authors acknowledge the value of TrA train-
ing but suggest further research is needed to provide explanation
for the mechanism of its stabilizing action.

Effects of Limb Function on Spinal
Stability
Without adequate stabilization of the spine, contraction of
the limb-girdle musculature transmits forces proximally and
causes motions of the spine that place excessive stresses on
spinal structures and the supporting soft tissue.

CLINICAL TIP
■  Stabilization of the pelvis and lumbar spine by the ab-

dominal muscles against the pull of the iliopsoas muscle
is necessary during active hip flexion to avoid increased
lumbar lordosis and anterior shearing of the vertebrae.

■  Stabilization of the ribs by the intercostal and abdominal
muscles is necessary for an effective pushing force from the
pectoralis major and serratus anterior muscles.

■  Stabilization of the cervical spine by the longus colli muscle
is necessary to prevent excessive lordosis from contraction
of the upper trapezius as it functions with the shoulder
girdle muscles in lifting and pulling activities.

Localized muscle fatigue. Localized fatigue in the stabilizing
spinal musculature may occur with repetitive activity or heavy
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FIGURE 14.15 Deep segmental musculature in the cervical spine:
rectus capitis anterior and lateralis, longus colli, longus capitis, and
scalene muscles.
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exertion or when the musculature is not utilized effectively
due to faulty postures. There is a greater chance of injury in
the supporting structures of the spine when the stabilizing
muscles fatigue. Marras and Granata52 reported significant
changes in motion patterns between the spine and lower 
extremity joints as well as significant changes in muscle recruit-
ment patterns with repetitive lifting during an extended 
period of time, resulting in increased anterior/posterior shear
in the lumbar spine.

Muscle imbalances. Imbalances in the flexibility and strength
of the hip, shoulder, and neck musculature cause asymmetri-
cal forces on the spine and affect posture. Common problems
are described in the section later in this chapter on “Common
Faulty Postures.”

Effects of Breathing on Posture 
and Stability
Inspiration and thoracic spine extension elevate the rib cage
and assist with posture. The intercostal muscles function as
postural muscles to stabilize and move the ribs. They act as a
dynamic membrane between the ribs to prevent sucking in
and blowing out of the soft tissue with the pressure changes
during respiration.4 The stabilizing function of the TrA also
works in conjunction with the diaphragm in a feed-forward
response to rapid arm motions. Contraction of the diaphragm
and increased intra-abdominal pressure (IAP) occur prior 
to rapid arm movement, irrespective of the phase of respira-
tion or the direction of the arm motion.39,41 The tonic activ-
ities of the TrA and diaphragm are modulated to meet
respiratory demands during both inspiration and expiration
and provide stability to the spine when there are repetitive
limb movements.35,36

Effects of Intra-abdominal Pressure
and the Valsalva Maneuver on Stability
During the Valsalva maneuver, contraction of the TrA, IO, and
EO muscles increase IAP.13 Contraction of the TrA alone
pushes the abdominal contents up against the diaphragm;
therefore, to complete the enclosed chamber, the diaphragm
and pelvic floor muscles contract in synchrony with the TrA.57

There are several ideas that explain how IAP improves spinal
stability. The increased pressure in the enclosed chamber may
act to unload the compressive forces on the spine as well as 
increase the stabilizing effect by pushing out against the 
abdominal muscles, increasing their length-tension relation-
ship and tension on the thoracolumbar fascia (Figs. 14.16
and 14.17).69 It is also suggested that the IAP may act to prevent
buckling of the spine and thus prevent tissue strain or failure.12

The Valsalva maneuver is a technique frequently used by
individuals lifting heavy loads and potentially has cardiovas-
cular risks (see Chapter 6), so it is recommended that indi-
viduals be taught to exhale while maintaining the abdominal
contractions to decrease the risks. In addition, Hodges and
associates41 found that if a static expulsive effort is maintained
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FIGURE 14.16 Coordinated contraction of the transversus abdo-
minis, diaphragm, and pelvic floor musculature increases intra-
abdominal pressure, which unloads the spine and provides stability.
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FIGURE 14.17 (A) Increased intra-abdominal pressure (IAP) pushes
outward against the transversus abdominis and internal obliques, 
creating increased tension on the thoracolumbar fascia, resulting 
in improved spinal stability. (B) Reduced pressure decreases the sta-
bilizing effect. (Adapted from Gracovetsky, S: The Spinal Engine.
New York: Springer-Verlag Wein, 1988, p 114, with permission.)
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(holding the breath while contracting the abdominal muscles),
activation of the transverse abdominis is delayed. Because
activation of the transversus abdominis is necessary for seg-
mental spinal stability, expiration during exertion reinforces
this stabilizing function.

Impaired Posture

In order to make sound clinical decisions when managing 
patients with activity or participation restrictions due to
spinal impairments, it is necessary to understand the under-
lying effects of faulty posture on flexibility, strength, and the
pain experienced by the individual. Impaired posture may be
the underlying cause of the patient’s pain or may be the result
of some traumatic or pathological event. In this section, the
etiology of pain and common faulty postures are described
in detail followed by guidelines for developing therapeutic 
exercise interventions. 

Etiology of Pain

The ligaments, facet capsules, periosteum of the vertebrae,
muscles, anterior dura mater, dural sleeves, epidural areolar
adipose tissue, and walls of blood vessels are innervated and
responsive to nociceptive stimuli.16

Effect of Mechanical Stress
Mechanical stress to pain-sensitive structures, such as sus-
tained stretch to ligaments or joint capsules or compression
of blood vessels, causes distention or compression of the
nerve endings, which leads to the experience of pain. This
type of stimulus occurs in the absence of an inflammatory
reaction. It is not a pathological problem but a mechanical
one because signs of acute inflammation with constant pain
are not present.

Relieving the stress to the pain-sensitive structure relieves
the pain stimulus, and the person no longer experiences pain.
If the mechanical stresses exceed the supporting capabilities
of the tissues, breakdown ensues. If it occurs without adequate
healing, musculoskeletal disorders or overuse syndromes with
inflammation and pain affect function without an apparent
injury (see Chapter 10). Relieving the mechanical stress (i.e.,
correcting the posture) along with decreasing the inflamma-
tion is important.

CLINICAL TIP
To illustrate the mechanical effects of prolonged stress on 
tissues, have your patient/client take one of their fingers 
to the end of the range in extension and hold the position
with their other hand. After a brief period of time when they
begin to feel some discomfort, have them move out of the end

range position and note relief. Point out that this is what is
happening to their joints and ligaments when they are in a
sustained faulty posture.

Effect of Impaired Postural Support
From Trunk Muscles
Little muscle activity is required to maintain upright pos-
ture, but with total relaxation of muscles, the spinal curves
become exaggerated and passive structural support is called
on to maintain the posture. When there is continued end-
range loading, strain occurs with creep and fluid redistrib-
ution in the supporting tissues, making them vulnerable to
injury.74

Continual exaggeration of the curves leads to postural
impairment and muscle strength and flexibility imbalances
as well as other soft tissue restrictions or hypermobility.
Muscles that are habitually kept in a stretched position tend
to test weaker because of a shift in the length-tension curve;
this is known as stretch weakness.46 Muscles kept in a habit-
ually shortened position tend to lose their elasticity. These
muscles test strong only in the shortened position but 
become weak as they are lengthened. This condition is
known as tight weakness.26

Effect of Impaired Muscle Endurance
Endurance in muscles is necessary to maintain postural con-
trol. Sustained postures require continual, small adaptations
in the stabilizing muscles to support the trunk against fluc-
tuating forces. Large, repetitive motions also require muscles
to respond so as to control the activity. In either case, as the
muscles fatigue, the mechanics of performance change and
the load is shifted to the inert tissues supporting the spine at
the end-ranges.71 With poor muscular support and a sus-
tained load on the inert supporting tissues, creep and disten-
tion occur, causing mechanical stress. In addition, injuries
occur more frequently after a lot of repetitive activity or long
periods of work and play when there is muscle fatigue.

Pain Syndromes Related to Impaired
Posture
Postural fault. A postural fault is a posture that deviates from
normal alignment but has no structural impairments.

Postural pain syndrome. Postural pain syndrome refers to
the pain that results from mechanical stress when a person
maintains a faulty posture for a prolonged period; the pain
is usually relieved with activity. There are no impairments
in functional strength or flexibility, but if the faulty posture
continues, strength and flexibility imbalances eventually 
develop.

Postural dysfunction. Postural dysfunction differs from
postural pain syndrome in that adaptive shortening of soft
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tissues and muscle weakness are involved. The cause may
be prolonged poor postural habits, or the dysfunction may
be a result of contractures and adhesions formed during
the healing of tissues after trauma or surgery. Stress to the
shortened structures causes pain. In addition, strength and
flexibility imbalances may predispose the area to injury or
overuse syndromes that a normal musculoskeletal system
could sustain.

Postural habits. Good postural habits in the adult are 
necessary to avoid postural pain syndromes and postural 
dysfunction. Also, careful follow-up in terms of flexibility and
posture training exercises is important after trauma or surgery
to prevent impairments from contractures and adhesions. 
In the child, good postural habits are important to avoid
abnormal stresses on growing bones and adaptive changes in
muscle and soft tissue.

Common Faulty Postures:
Characteristics and
Impairments

The head, neck, thorax, lumbar spine, and pelvis are all inter-
related, and deviations in one region affect the other areas. For
clarity of presentation, the lumbopelvic (or lower quarter) and
cervicothoracic (or upper quarter) regions and typical muscle
length-strength impairments for each region are described
separately in this section and illustrated in Figure 14.18.

Pelvic and Lumbar Region
Lordotic Posture
Lordotic posture (see Fig. 14.18 A) is characterized by an 
increase in the lumbosacral angle (the angle that the superior
border of the first sacral vertebral body makes with the hori-
zontal, which optimally is 30˚), an increase in lumbar lordosis,
and an increase in the anterior pelvic tilt and hip flexion. It is
often seen with increased thoracic kyphosis and forward head
and is called kypholordotic posture.46

Potential Muscle Impairments
■  Mobility impairment in the hip flexor muscles (iliopsoas,

tensor fasciae latae, rectus femoris) and lumbar extensor
muscles (erector spinae)

■  Impaired muscle performance due to stretched and weak
abdominal muscles (rectus abdominis, internal and external
obliques, and transversus abdominis) and hip extensors
(gluteus maximus and hamstrings)

Potential Sources of Symptoms
■  Stress to the anterior longitudinal ligament.
■  Narrowing of the posterior disc space and narrowing of the

intervertebral foramen. This may compress the dura and
blood vessels of the related nerve root or the nerve root 
itself, especially if there are degenerative changes in the 
vertebra or intervertebral disc.

■  Approximation of the articular facets. Weight bearing
through the facets may increase, which may cause synovial
irritation and joint inflammation and may eventually 
accelerate degenerative changes if not corrected.

430 Common Faulty Postures: Characteristics and Impairments

A B C D

FIGURE 14.18 (A) Lordotic posture characterized by an increase in the lumbosacral angle, increased lumbar lordosis, increased anterior
tilting of the pelvis, and hip flexion. (B) Relaxed or slouched posture characterized by excessive shifting of the pelvic segment anteriorly, 
resulting in hip extension, and shifting of the thoracic segment posteriorly, resulting in flexion of the thorax on the upper lumbar spine. 
A compensatory increased thoracic kyphosis and forward head placement are also seen. (C) Flat low-back posture characterized by a 
decreased lumbosacral angle, decreased lumbar lordosis, and posterior tilting of the pelvis. (D) Flat upper back and cervical spine charac-
terized by a decrease in the thoracic curve, depressed scapulae, depressed clavicle, and an exaggeration of axial extension (flexion of the 
occiput on the atlas and flattening of the cervical lordosis).
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Common Causes
Sustained faulty posture, pregnancy, obesity, and weak 
abdominal muscles are common causes.

Relaxed or Slouched Posture
The relaxed or slouched posture (see Fig. 14.18 B) is also
called swayback.46 The amount of pelvic tilting is variable, but
usually there is a shifting of the entire pelvic segment anteri-
orly, resulting in hip extension, and shifting of the thoracic
segment posteriorly, resulting in flexion of the thorax on 
the upper lumbar spine. This results in increased lordosis in
the lower lumbar region, increased kyphosis in the thoracic
region, and usually a forward head. The position of the mid
and upper lumbar spine depends on the amount of displace-
ment of the thorax. When standing for prolonged periods, the
person usually assumes an asymmetrical stance in which most
of the weight is borne on one lower extremity with pelvic
drop (lateral tilt) and hip abduction on the unweighted side.
This affects frontal plane symmetry.

A sitting slouched posture occurs when there is an overall
kyphotic curve throughout the entire thoracic and lumbar
spine.

Potential Muscle Impairments
■  Mobility impairment in the upper abdominal muscles

(upper segments of the rectus abdominis and obliques), 
internal intercostal, hip extensor, and lower lumbar exten-
sor muscles and related fascia

■  Impaired muscle performance due to stretched and weak
lower abdominal muscles (lower segments of the rectus 
abdominis and obliques), extensor muscles of the lower
thoracic region, and hip flexor muscles

Potential Sources of Symptoms
■  Stress to the iliofemoral ligaments, the anterior longitudi-

nal ligament of the lower lumbar spine, and the posterior
longitudinal ligament of the upper lumbar and thoracic
spine. With asymmetrical postures, there is also stress to
the iliotibial band on the side of the elevated hip. Other
frontal plane asymmetries may also be present and are 
described in the following section.

■  Narrowing of the intervertebral foramen in the lower lum-
bar spine that may compress the blood vessels, dura, and
nerve roots, especially with arthritic conditions.

■  Approximation of articular facets in the lower lumbar spine.

Common Causes
As the name implies, this is a relaxed posture in which the mus-
cles are not used to provide support. The person yields fully to
the effects of gravity, and only the passive structures at the end
of each joint range (e.g., ligaments, joint capsules, bony approx-
imation) provide stability. Causes may be attitudinal (the person
feels comfortable when slouching), fatigue (seen when required
to stand for extended periods), or muscle weakness (the weak-
ness may be the cause or the effect of the posture). A poorly 
designed exercise program—one that emphasizes thoracic flex-
ion without balancing strength with other appropriate exercises
and postural training—may perpetuate these impairments.

Flat Low-Back Posture
Flat low-back posture (see Fig. 14.18 C) is characterized by a
decreased lumbosacral angle, decreased lumbar lordosis, hip
extension, and posterior tilting of the pelvis.

Potential Muscle Impairments
■  Mobility impairment in the trunk flexor (rectus abdominis,

intercostals) and hip extensor muscles
■  Impaired muscle performance due to stretched and weak

lumbar extensor and possibly hip flexor muscles

Potential Sources of Symptoms
■  Lack of the normal physiological lumbar curve, which re-

duces the shock-absorbing effect of the lumbar region and
predisposes the person to injury

■  Stress to the posterior longitudinal ligament
■  Increase of the posterior disc space, which allows the nucleus

pulposus to imbibe extra fluid and, under certain circum-
stances, may protrude posteriorly when the person attempts
extension. This increased weight bearing on the disc may
lead to degenerative changes.

Common Causes
Common causes include habitual slouching in flexion when
sitting or standing and overemphasis on flexion exercises in
general exercise programs.

Cervical and Thoracic Region
Round Back (Increased Kyphosis) 
With Forward Head
The round back with forward head posture (see Fig. 14.18 B)
is characterized by an increased thoracic curve, protracted
scapulae (round shoulders), and forward (protracted) head.
A forward head involves increased flexion of the lower cervi-
cal and the upper thoracic regions, increased extension of the
upper cervical vertebra, and extension of the occiput on C1.
There also may be temporomandibular joint dysfunction with
protrusion and depression of the mandible.

Potential Muscle Impairments
■  Mobility impairment in the muscles of the anterior thorax

(intercostal muscles), muscles of the upper extremity origi-
nating on the thorax (pectoralis major and minor, latissimus
dorsi, serratus anterior), muscles of the cervical spine and
head that attached to the scapula and upper thorax (levator
scapulae, sternocleidomastoid, scalene, upper trapezius), and
muscles of the suboccipital region (rectus capitis posterior
major and minor, obliquus capitis inferior and superior)

■  Impaired muscle performance due to stretched and weak
lower cervical and upper thoracic erector spinae and scapu-
lar retractor muscles (rhomboids, middle and lower trapez-
ius), anterior throat muscles (suprahyoid and infrahyoid
muscles), and capital flexors (rectus capitis anterior and
lateralis, superior oblique longus colli, longus capitis)

■  With temporomandibular joint symptoms, the muscles of
mastication (pterygoid, masseter, temporalis muscles) may
experience increased tension
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Potential Sources of Symptoms
■  Stress to the anterior longitudinal ligament in the upper

cervical spine and to the posterior longitudinal ligament
and ligamentum flavum in the lower cervical and thoracic
spine

■  Fatigue of the thoracic erector spinae and scapular retrac-
tor muscles

■  Irritation of facet joints in the upper cervical spine
■  Narrowing of the intervertebral foramina in the upper 

cervical region, which may impinge on the blood vessels
and nerve roots, especially if there are degenerative changes

■  Impingement on the neurovascular bundle from anterior
scalene or pectoralis minor muscle tightness (see “Thoracic
Outlet Syndrome” in Chapter 13)

■  Strain on the neurovascular structures of the thoracic out-
let from scapular protraction45

■  Impingement of the cervical plexus from levator scapulae
muscle tightness

■  Impingement on the greater occipital nerves from a tight or
tense upper trapezius muscle, leading to tension headaches

■  Temporomandibular joint pain from joint compression
due to mandibular malalignment and tension headaches
resulting from associated muscle tension in the mandibular
elevator muscle group (see section on “Temporomandibu-
lar Joint Dysfunction” in Chapter 15).

■  Lower cervical disc lesions from the faulty flexed posture

Common Causes
■  The effects of gravity, slouching, and poor ergonomic

alignment in the work or home environment. Occupa-
tional or functional postures requiring leaning forward
or tipping the head backward for extended periods;
faulty sitting postures, such as working at an improperly
placed computer keyboard or screen, relaxed postures, or
the end result of a faulty pelvic and lumbar spine posture
are common causes of forward head posture. Causes are
similar to the relaxed lumbar posture or the flat low-back
posture in which there is continued slouching and
overemphasis on flexion exercises in general exercise 
programs.

Flat Upper Back and Neck Posture
The flat upper back and neck posture (see Fig. 14.18 D) is
characterized by a decrease in the thoracic curve, depressed
scapulae, depressed clavicles, and decreased cervical lordosis
with increased flexion of the occiput on atlas. It is associated
with an exaggerated military posture but is not a common
postural deviation. There may be temporomandibular joint
dysfunction with protraction of the mandible.

Potential Muscle Impairments
■  Mobility impairment in the anterior neck muscles, thoracic

erector spinae, and scapular retractors, and potentially 
restricted scapular movement, which decreases the freedom
of shoulder elevation

■  Impaired muscle performance in the scapular protractor
and intercostal muscles of the anterior thorax

Potential Sources of Symptoms
■  Fatigue of muscles required to maintain the posture
■  Compression of the neurovascular bundle in the thoracic

outlet between the clavicle and ribs
■  Temporomandibular joint pain and occlusive changes
■  Decrease in the shock-absorbing function of the kypholor-

dotic curvature, which may predispose the neck to injury

Common Causes
As noted, this is not a common postural deviation and occurs
primarily with exaggeration of the military posture.

Frontal Plane Deviations: Scoliosis
and Lower Extremity Asymmetries
Scoliosis
Scoliosis is defined as a lateral curvature in the spine. It usually
involves the thoracic and lumbar regions. Typically, in right-
handed individuals, there is a mild right thoracic, left lumbar
S-curve, or a mild left thoracolumbar C-curve. There may be
asymmetry in the hips, pelvis, and lower extremities.

Structural scoliosis. Structural scoliosis involves an irre-
versible lateral curvature with fixed rotation of the vertebrae
(Fig. 14.19 A). Rotation of the vertebral bodies is toward the
convexity of the curve. In the thoracic spine, the ribs rotate with
the vertebrae, so there is prominence of the ribs posteriorly on
the side of the spinal convexity and prominence anteriorly 
on the side of the concavity. A posterior rib hump is detected 
on forward bending in structural scoliosis (Fig. 14.19 B).49
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A
B

FIGURE 14.19 (A) Mild right thoracic left lumbar structural scoliosis
with prominence of the right scapula. (B) Forward bending produces
a slight posterior rib hump, indicating fixed rotation of the vertebrae
and rib cage.

Nonstructural scoliosis. Nonstructural scoliosis is reversible
and can be changed with forward or side bending and with
positional changes, such as lying supine, realignment of the
pelvis by correction of a leg-length discrepancy, or with
muscle contractions. It is also called functional or postural
scoliosis.
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Potential Impairments
■  Mobility impairment in joints, muscles, and fascia on the

concave side of the curves.
■  Impaired muscle performance due to stretch and weakness

in the musculature on the convex side of the curves.
■  If one hip is adducted, the adductor muscles on that side

have decreased flexibility, and the abductor muscles are
stretched and weak. The opposite occurs on the contralat-
eral extremity.46

■  With advanced structural scoliosis, there is decreased rib
expansion; cardiopulmonary impairments may result in
difficulty breathing.

Potential Sources of Symptoms
■  Muscle fatigue and ligamentous strain on the side of the

convexity
■  Nerve root irritation on the side on the concavity
■  Joint irritation from approximation of the facets on the

side of the concavity

Common Causes: Structural Scoliosis
Neuromuscular diseases or disorders (e.g., cerebral palsy,
spinal cord injury, progressive neurological or muscular dis-
eases), osteopathic disorders (e.g., hemivertebra, osteomalacia,
rickets, fracture), and idiopathic disorders in which the cause
is unknown are common causes of structural scoliosis.

Common Causes: Nonstructural Scoliosis
Leg-length discrepancy (structural or functional), muscle
guarding or spasm from a painful stimuli in the back or neck,
and habitual or asymmetrical postures are common causes of
nonstructural scoliosis.

Frontal Plane Deviations From Lower
Extremity Asymmetries
Any lower extremity inequality has an effect on the pelvis that,
in turn, affects the spinal column and structures supporting
it.23 When dealing with spinal posture, it is imperative to assess
lower extremity alignment, symmetry, foot posture, ROM,
muscle flexibility, and strength. (See Chapters 20 through 22
for principles, procedures, and techniques for treating the hip,
knee, ankle, and foot.) Frontal plane deviations may also be
seen with faulty postural habits such as perpetually standing
with a pelvic drop on one side as frequently seen with relaxed
postures. This may result in muscle imbalances in the hip and
spine and an apparent leg-length discrepancy.

Characteristic Deviations
When standing with weight equally distributed to both lower
extremities, an elevated ilium on the long leg (LL) side and
lowered on the short leg (SL) side typically results in the fol-
lowing deviations (Fig. 14.20).

■  The LL side is in hip adduction with greater shear stress,
and the SL side is in hip abduction with greater compres-
sion stress.

■  The sacroiliac (SI) joint on the LL side is more vertical with
greater shear stress; on the SL side, it is more horizontal
with greater compression stress.

■  There is side bending of the lumbar spine toward the LL
side coupled with rotation in the opposite direction.

■  The vertebral side bending and rotation compresses the 
intervertebral disc on the LL side and distracts the disc on
the SL side; it also causes torsional stress.

■  There is extension and compression of the lumbar facets
on the LL side (concave portion of the curve) and flexion
and distraction of the lumbar facets on the SL side (convex
portion of the curve).

■  There is narrowing of the intervertebral foramina on the
LL side.

■  The thoracic and cervical spine has compensatory scoliosis
in the opposite direction.

Potential Muscle Impairments
■  Mobility impairment from decreased flexibility in the hip

adductors on the LL side and abductors on the SL side.
There may also be asymmetrical differences in the iliop-
soas, quadratus lumborum, piriformis, erector spinae, and
multifidus muscles, with those on the concave side of the
curve or the LL side having decreased flexibility.

■  Impaired muscle performance from stretched and weak-
ened muscles that typically includes hip adductors on the
SL side, abductors on the LL side, and in general muscles
on the convex side of the curve.

Potential Sources of Symptoms
■  Greater shear forces occur in the hip and SI joints on the

LL side, which increases stress in the supporting liga-
ments and decreases the load-bearing surface in the joint.
Degenerative changes occur more frequently in hips on
the LL side.21
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FIGURE 14.20 Frontal plane asymmetries. Pictured is an individual
with a long leg and elevated ilium on the right side. Typically, hip ad-
duction, vertical sacroiliac (SI) joint, side bending toward and rotation
opposite that of the lumbar spine, and compensations in thoracic
and cervical spine are seen on the long-leg side.
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■  Stenosis in the lumbar intervertebral foramina on the LL
side may cause vascular congestion or nerve root irritation.

■  Lumbar facet compression and irritation on the LL side
leading to early degenerative changes.

■  Intervertebral disc breakdown from torsional and asym-
metrical forces.

■  Muscle tension, fatigue, or spasm in response to asymmet-
rical loading and response.

■  Lower extremity overuse syndromes.

Common Causes
Asymmetry in the lower extremities may result from struc-
tural or functional deviations at the hip, knee, ankle, or foot.
Common functional problems include unilateral flat foot and
imbalances in the flexibility of muscles. The resulting asym-
metrical ground reaction forces transmitted to the pelvis and
back may lead to tissue breakdown and overuse, particularly
as a person ages, becomes overweight, or is generally decon-
ditioned from inactivity.

Management of Impaired
Posture

Faulty posture underlies many spinal and extremity disorders
and functional restrictions. Often by simply correcting the
underlying postural stresses, the primary symptoms can be

minimized or even alleviated. Because of this the following
guidelines may become part of most rehabilitation programs.
Exercises for use with postural impairments are identified
in this section and are described in detail in the respective
chapters that follow.

General Management
Guidelines

Before developing a plan of care and selecting interventions
for management, evaluate the findings from the examination
of the patient, including the history, review of systems, and
specific tests and measures, and document the findings.

■  Postural alignment (sitting and standing), balance, and gait
■  ROM, joint mobility, and flexibility
■  Muscular strength and endurance for repetitions and

holding
■  Ergonomic assessment, if indicated
■  Body mechanics
■  Cardiopulmonary endurance/aerobic capacity, breathing

pattern

Common impairments and a summary of the information
that follows on management of patients with impaired posture
are summarized in Box 14.1.
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BOX 14.1 MANAGEMENT GUIDELINES—
Impaired Posture

Structural and Functional Impairments
■ Pain from mechanical stress to sensitive structures and from muscle tension
■ Impaired mobility from muscle, joint, or fascial restrictions
■ Impaired muscle performance associated with an imbalance in muscle length and strength between antagonistic muscle groups
■ Impaired muscle performance associated with poor muscular endurance
■ Insufficient postural control of scapular and trunk stabilizing muscles
■ Decreased cardiopulmonary endurance
■ Altered kinesthetic sense of posture associated with poor neuromuscular control and prolonged faulty postural habits
■ Lack of knowledge of healthy spinal control and mechanics

Plan of Care Intervention

1. Develop awareness and control of 
spinal posture

2. Educate the patient about the 
relationship between faulty posture 
and symptoms

3. Increase mobility in restricting 
muscles, joints, fascia

1. Kinesthetic training; cervical and scapular motions, pelvic tilts, control 
of neutral spine. Utilize procedures to develop and reinforce control 
of posture when sitting, standing, walking, and performing targeted
functional activities

2. Practice positions and movements to experience control of symptoms
with various postures 

3. Manual stretching and joint mobilization/manipulation; teach 
self-stretching
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Awareness and Control of Spinal
Posture
Initially, good spinal posture may be prevented because of 
restricted mobility of muscle, connective tissue, or vertebral
segment, but developing patient awareness of balanced 
posture and its effects should begin as soon as possible in
the treatment program in conjunction with stretching and
muscle-training maneuvers.

Posture Training Techniques
Isolate each body segment and train the patient to properly
move that segment. If one region is out of alignment, it is
likely that there are compensatory deviations in the alignment
throughout the spine. Therefore, total posture correction, 
including upper and lower extremity alignment, should be
emphasized. Direct the patient’s attention to the feel of proper
movement and muscle contraction and relaxation. Another
technique is to have the patient assume an extreme corrected
posture, then ease away from the extreme toward mid-position,
and finally hold the corrected posture. Use verbal, tactile, and
visual reinforcement cues such as:

■  Verbal reinforcement. As you interact with the patient, fre-
quently interpret the sensations of muscle contraction and
spinal positions that he or she should be feeling.

■  Tactile reinforcement. Help the patient position the
head and trunk in correct alignment and touch the mus-
cles that need to contract to move and hold the parts 
in place.

■  Visual reinforcement. Use mirrors so the patient can see
how he or she looks, what it takes to assume correct align-
ment, and then how it feels when properly aligned.

Axial Extension (Cervical Retraction) to Decrease 
a Forward Head Posture
Patient position and procedure: Sitting or standing, with
arms relaxed at the side. Lightly touch above the lip under the
nose and ask the patient to lift the head up and away as if a
string was pulling their head upward (Fig. 14.21 A). Verbally
reinforce the correct posture and draw attention to the way it
feels. Have the patient move to the extreme of the correct pos-
ture and then return to midline.

Scapular Retraction
Patient position and procedure: Sitting or standing. For
tactile and proprioceptive cues, gently resist movement of 
the inferior angle of the scapulae and ask the patient to pinch
them together (retraction). Suggest that the patient imagine
“holding a quarter between the shoulder blades” or imagine
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BOX 14.1 MANAGEMENT GUIDELINES—
Impaired Posture—cont’d

Plan of Care Intervention

4. Develop neuromuscular control, 
strength, and endurance in 
postural and extremity muscles

5. Teach safe body mechanics

6. Ergonomic assessment of home, 
work, recreational environments

7. Stress management/relaxation

8. Identify safe aerobic activities

9. Promote healthy exercise habits for 
self-maintenance

4. Stabilization exercises; progress repetitions and challenge with
extremity motions; progress to dynamic trunk strengthening exercises

5. Functional exercises to prepare for safe mechanics (squatting, lunges,
reaching, pushing/pulling, lifting and turning loads with stable spine)

6. Adapt work, home, recreational environment

7. Relaxation exercises and postural stress relief

8. Implement and progress an aerobic exercise program

9. Integration of a fitness program, regular exercise, and safe body
mechanics into daily life

A B

FIGURE 14.21 Training the patient to correct (A) forward-head
posture and (B) protracted scapulae.
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“putting their elbows in their back pockets” The patient
should not extend the shoulders or elevate the scapulae
(Fig. 14.21 B).

Pelvic Tilt and Neutral Spine
Patient position and procedure: Sitting, then standing with
the back against a wall. Teach the patient to roll the pelvis 
forward and backward to isolate an anterior and posterior
pelvic tilt. After the patient has learned to isolate the move-
ment, instruct him or her to practice control of the pelvis and
lumbar spine by moving from extreme lordosis to extreme
flat back and then assume mild lordosis. Identify the midpo-
sition as the “neutral spine” so the patient becomes familiar
with the term. Show that the hand should be able to easily slip
between the back and the wall and that he or she can then feel
the back with one side of the hand and the wall with the other
side. If the patient has difficulty tilting the pelvis, suggest that
he or she imagine that the pelvis is a bushel basket with a
rounded bottom and the waist is the rim of the basket. Have the
patient then imagine and practice tipping the “basket” forward
and backward and then finding the neutral spine position.

Thoracic Spine
Patient position and procedure: Standing. The position of
the thorax affects the posture of the lumbar spine and pelvis;
consequently, the feel of thoracic movement is incorporated
in posture training for the lumbar spine. As the patient as-
sumes a mildly lordotic posture, have him or her breathe in
and lift the rib cage (extension). Guide him or her to a bal-
anced posture, not an extremely extended posture. Standing
with the back against a wall (as in the pelvic tilt training
above) encourages thoracic extension.

Total Spinal Movement and Control
Patient position and procedure: Sitting or standing. In-
struct the patient to curl the entire spine by first flexing the
neck, then the thorax, and then the lumbar spine. Give cues
for unrolling by first touching the lumbar spine as the patient 
extends it, then the thoracic spine as he or she extends it and
takes in a breath to elevate the rib cage. Then direct attention
to adducting the scapulae while you gently resist the motion
and then lifting the head in axial extension while you give
slight pressure against the upper lip (see Fig. 14.21). If the 
patient overcorrects his or her posture, have them relax slightly
to a neutral spinal position. Verbally and visually reinforce the
correct posture when it is obtained.

Reinforcement techniques. It is not possible for a person
always to maintain good posture. Therefore, to reinforce
proper performance, teach the patient to use cues throughout
the day to check posture. For example, instruct the patient to
check the posture every time he or she walks past a mirror,
waits at a red traffic light while driving a car, sits down for a
meal, enters a room, or begins talking with someone. Find out
what daily routines the patient has that could be used for
reinforcement or reminders; instruct the patient to practice
and report the results. Provide positive feedback as the patient
becomes actively involved in the relearning process.

Postural support. If necessary, provide external support
with a postural splint or tape to prevent the extreme posture
of round shoulders and protracted scapulae. These supports
help train correct muscle functioning by acting as a reminder
for the patient to assume correct posture when he or she
slouches. Also, by preventing the position of stretch from
occurring, stretch weakness can be corrected. These devices
should be used only on a temporary basis for training so the
patient does not become dependent on them.

Posture, Movement, and Functional
Relationships
Once the patient has learned how to assume correct postures,
it is important to have him or her experience the effect sus-
tained or repetitive faulty postures have on pain and function,
followed by their ability to alter these affects by correcting
their posture.

Relationship of impaired posture and pain. Have the 
patient assume the faulty posture and wait. When he or she
begins to feel discomfort, point out the posture and then 
instruct how to correct it and notice the feeling of relief. Many
patients do not accept such a simple relationship between stress
and pain, so draw their attention to noticing what posture they
are in (including when at work, home, driving/riding in a car,
or in bed), when their symptoms develop, and how they can
control the discomfort with the following techniques.

Relationship of impaired posture and extremity function.
Have the patient assume their faulty posture and attempt a
functional activity such as reaching upward with their upper
extremity, moving their lower extremity, or opening and closing
their jaw. They then assume a corrected posture, repeat the
same activity, and note the difference. Once the improved range
and quality of movement are experienced, reinforce them so
the patient can understand the value of developing and main-
taining good alignment when performing functional activities.

Joint, Muscle, and Connective Tissue
Mobility Impairments
Common muscle imbalances in length and strength were 
described in the previous section on impaired postures. It is
critical that specific mobility restrictions are identified so that
stretching techniques can be selective. For example, the transi-
tion areas between the cervicothoracic, thoracolumbar, and
lumbosacral regions typically have greater mobility. When
faulty postural habits dominate, the segmental mobility in these
areas tends to become exaggerated in the direction of the faulty
posture. Stretching should proceed cautiously so as not to 
accentuate the problem while attempting to correct the tissues
with decreased mobility. Stretching techniques for the cervical,
thoracic, and lumbar regions are described in Chapter 16.
Specific spinal mobilization/manipulation techniques directed
at specific hypomobile segments are described in Chapters 15
and 16. Although any structure could be involved, particularly
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following an injury or pathological condition, the muscle 
flexibility impairments most typically seen are identified in
Box 14.2. Included are references for self-stretching/flexibility
exercises for each muscle group. Specific instructions and 
precautions are described in the text accompanying the 
pictures in the respective chapters.

Impaired Muscle Performance
Typically impaired postural muscles that support the body in
sustained postures succumb to the effects of gravity, become
less active,61 and develop stretch weakness.46 Strengthening
alone does not correct this problem, so any exercises must be

done in conjunction with posture training for control, as 
described earlier in this section. In addition, exercises for
muscular endurance are necessary to prepare the muscles to
function over an extended period of time. Finally, environ-
mental adaptations must be made to minimize the stresses 
of sustained and repetitive postures. Muscles that typically
demonstrate stretch weakness or poor postural endurance are
identified in Box 14.3. In-depth descriptions of the exercises
are in the chapters identified.

Body Mechanics
Muscle strengthening for safe body mechanics includes not only
strengthening specific muscles, but also functional activities that
prepare the body for specific stresses that it is required to do 
for a particular function, as identified in Box 14.4. Instruction
in body mechanics is described in detail in Chapter 16 in the
section “Functional Training.”

Ergonomics: Relief and Prevention
It is critical to help the patient adapt postures and activities
that are performed on a sustained or repetitive basis at work,
at home, recreationally, or socially if they are contributing to
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BOX 14.2 Self-Stretching Techniques for
Common Mobility Impairments

■ Suboccipital region: self-stretch with capital nodding; apply
a gentle self-stretch against the occiput with the lateral
border of the hand

■ Levator scapulae: self-stretch with scapular depression and
cervical flexion and rotation to the opposite side (see Fig.
17.35 in Chapter 17)

■ Scalenes: self-stretch with axial extension, side bend neck
opposite and then rotate neck toward side of restriction
(see position Fig. 16.3 in Chapter 16)

■ Pectoralis major and anterior thorax: self-stretch with
corner stretches (see Fig. 17.31 in Chapter 17) or while
lying supine on a foam roll placed longitudinally under the
spine (see Fig. 16.1 B in Chapter 16)

■ Latissimus dorsi: self-stretch lying supine on a foam roll,
reach arms overhead (see Fig. 16.1 A in Chapter 16)

■ Lumbar and hip extensors: self-stretch lying supine, bring
knees to chest; or quadruped position, move buttocks back
over the feet (see Figs. 16.13 and 16.14 in Chapter 16)

■ Lumbar flexors: self-stretch with prone press-ups or
standing back bends (see Fig. 16.15 in Chapter 16)

■ Hip flexors: self-stretch lying supine in Thomas position or
standing in modified fencer’s squat (see Figs. 20.10 and
20.11 in Chapter 20)

■ Tensor fascia lata: self-stretch either supine, side-lying, or
standing; extend, laterally rotate, then adduct the hip (see
Figs. 20.19, 20.20, and 20.21 in Chapter 20)

■ Iliotibial band foam roll stretch: side-lie on a foam roll
placed perpendicular to the thigh, gently roll the thigh back
and forth with body weight applying the stretch force (see
Fig. 21.22 in Chapter 21)

■ Pyriformis: self-stretch lying supine or sitting and bringing
the flexed knee toward the opposite shoulder. Flex, adduct,
and internally rotate the hip (see Fig. 20.15 in Chapter 20)

■ Hamstrings: self-stretch with a straight-leg maneuver either
lying supine or long-sitting (see Figs. 20.17 and 20.18 in
Chapter 20)

■ Gastrocsoleus (heel cords): self-stretch in a forward stride
position with the heel of the back leg maintained on the
floor, or stand on an incline board or edge of a step (see
Fig. 22.9 in Chapter 22)

BOX 14.3 Training and Strengthening
Techniques for Common Muscle
Impairments

■ Activate and learn control of the longus colli and deep
capital flexors (see Figs. 16.39 B and 16.59 in Chapter 16)

■ Lower cervical extension (see Fig. 16.40 in Chapter 16)
■ Scapular retraction and shoulder lateral rotation (see 

Fig. 16.45 in Chapter 16 and Figs. 17.46 and 17.47 in
Chapter 17)

■ Lumbar spinal stabilization (see Figs. 16.47 through 16.56
plus accompanying text in Chapter 16)

■ Hip abduction; posterior gluteus medius; begin side-lying,
progress to standing. Place emphasis on maintaining the
hip in extension with slight lateral rotation while abducting
(see Fig. 20.26 B in Chapter 20)

BOX 14.4 Functional Exercises in Preparation
for Safe Body Mechanics

■ Upper extremity pulling and pushing (see Fig. 17.58 in
Chapter 17)

■ Wall slides—progress to squatting and squatting with lifting
(see Fig. 20.29 in Chapter 20)

■ Lunges—progress to lunges with lifting and with pushing
and pulling (see Fig. 20.32 in Chapter 20 and Figs. 23.31
and Fig. 23.36 in Chapter 23)

5850_Ch14_417-442  17/08/17  5:42 PM  Page 437



the postural stresses and musculoskeletal disorders.60 It may
be necessary to use a lumbar pillow for support or to mod-
ify the work environment (workstation) to relieve sustained
stressful postures. There are many resources, such as the
Occupational Safety and Health Administration website
(http://www.osha.gov/SLTC/ergonomics/) and others (http://
ergo.human.cornell.edu/) that provide information on 
ergonomic assessment and adaptation to work environments
to relieve postural stress and musculoskeletal disorders. Prin-
ciples of ergonomic interventions are listed in Box 14.5.

 FOCUS ON EVIDENCE
There is strong evidence, documented in a 3-year prospective
study of 632 newly hired computer users, that a computer
workstation may be the source of symptoms if the chair, desk,
keyboard, mouse, and monitor are improperly positioned for
the individual.25,51 There is also mixed evidence, summarized
in a systematic study of the literature on the relationship of
posture and repetitive stresses in the work environment, 
regarding the development of low back pain.77 In a 3-year 
follow-up study that involved 12,550 workers, it was deter-
mined that prolonged standing, awkward lifting, and squatting/
kneeling were the top mechanical factors related to job related
low back pain.72

Stress Management/Relaxation
A component of the educational process is to teach the indi-
vidual how to relax tense muscles and relieve postural stress.
Muscle relaxation techniques can be incorporated throughout
the day to relieve postural stress, and conscious relaxation
training increases patient awareness and control over tension
in the muscles.

PRECAUTION: These techniques are not appropriate for
managing acute pain due to inflammation, joint swelling, or

disc derangements. If the patient is recovering from a patho-
logic condition in the spine, caution him or her that these tech-
niques should not increase symptoms (other than a stretching
sensation in chronic conditions), especially radicular symp-
toms. Caution should also be used with flexion in patients with
a medical diagnosis of herniated disc so that symptoms should
not peripheralize.

Muscle Relaxation Techniques
Whenever discomfort develops from maintaining a constant
posture or from sustaining muscle contractions for a period
of time, active ROM in the opposite direction aids in taking
stress off supporting structures, promoting circulation, and
maintaining flexibility. All motions are performed slowly,
through the full range, with the patient paying particular at-
tention to the feel of the muscles. Repeat each motion several
times. Suggest to the patient that these are mini rest breaks or
micro breaks to be done at work, home, or whenever tension,
stress, or postural pain is experienced.

Cervical and Upper Thoracic Region
Patient position and procedure: Sitting with the arms rest-
ing comfortably on the lap, or standing. Instruct the patient to:

■  Bend the neck forward and backward. (Backward bend-
ing is contraindicated with symptoms of nerve root 
compression—if numbness or pain radiates down the
arm, examine to identify cause; see Chapter 15 for inter-
ventions to treat nerve root compression.)

■  Side bend the head in each direction; then rotate the head
in each direction.

■  Roll the shoulders; protract, elevate, retract, and then relax
the scapulae (in a position of good posture).

■  Circle the arms (shoulder circumduction). This is accom-
plished with the elbows flexed or extended, using either
small or large circular motions with the arms pointing 
either forward or out to the side. Both clockwise and coun-
terclockwise motions should be performed, but conclude
the circumduction by going forward, up, around, and then
back so the scapulae end up in a retracted position. This
has the benefit of helping retrain proper posture.

Lower Thoracic and Lumbar Region
Patient position and procedure: Sitting or standing. If stand-
ing, the feet should be shoulder-width apart with the knees
slightly bent. Have the patient place the hands at the waist with
the fingers pointing backward. Instruct the patient to:

■  Extend the lumbar spine by leaning the trunk backward
(see Fig. 16.15 B). This is particularly beneficial when the
person must sit or stand in a forward-bent position for
prolonged periods.

■  Flex the lumbar spine by contracting the abdominal mus-
cles, causing a posterior pelvic tilt; or bend the trunk for-
ward while sitting, dangling the arms toward the floor. This
motion is beneficial when the person stands in a lordotic
or swayback posture for prolonged periods.

■  Side bend in each direction.
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BOX 14.5 Basic Principles of Ergonomic
Interventions

■ Set up work station to keep everything within easy reach
and at the proper height so that joints function in neutral
positions and neutral postures can be maintained

■ Minimize excessive repetitive motions
■ Reduce excessive forces
■ Minimize need to maintain a static hold on objects or

maintain a static posture leading to fatigue
■ Minimize pressure points
■ Maintain adequate clearance around work station for safe

movement
■ Move head, spine, and extremities through their ROM

frequently
■ Use adequate lighting
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■  Rotate the trunk by turning in each direction while keeping
the pelvis facing forward.

■  Stand up and walk around at frequent intervals when sitting
for extended periods.

Conscious Relaxation Training for the Cervical
Region
Specific techniques in guided imagery for the cervical region
develop the patient’s kinesthetic awareness of a tensed or 
relaxed muscle and how consciously to reduce tension in the
muscle. In addition, if done with posture training techniques
in mind, as described earlier in the chapter, the patient can be
helped to recognize decreased muscular tension when the
head is properly balanced and the cervical spine is aligned in
midposition.

Patient position and procedure: Sitting comfortably with
arms relaxed, such as resting on a pillow placed on the lap;
the eyes are closed. Position yourself next to the patient to 
use tactile cues on the muscles and help position the head as
necessary. Have the patient perform the following activities
in sequence.

■  Use diaphragmatic breathing and breathe in slowly and
deeply through the nose, allowing the abdomen to relax and
expand; then relax and allow the air to be expired through
the relaxed open mouth. This breathing is reinforced after
each of the following activities.

■  Next, relax the jaw. The tongue rests gently on the hard
palate behind the front teeth with the jaw slightly open. If
the patient has trouble relaxing the jaw, have him or her
click the tongue and allow the jaw to drop. Practice until the
patient feels the jaw relax and the tongue rests behind the
front teeth. Follow with relaxed breathing.

■  Slowly flex the neck. As the patient does so, direct the 
attention to the posterior cervical muscles and the sensation
of how the muscles feel. Use verbal cues such as, “Notice the
feeling of increased tension in your muscles as your head
drops forward.”

■  Then slowly raise the head to neutral, inhale slowly, and
relax. Help the patient position the head properly and
suggest that he or she note how the muscles contract to lift
the head, and then relax once the head is balanced.

■  Repeat the motion; again, direct the patient’s attention to
the feeling of contraction and relaxation in the muscles as

he or she moves. Imagery can be used with the breathing
such as “fill your head with air and feel it lift off your shoul-
ders as you breathe in and relax.”

■  Then go through only part of the range, noting how the
muscles feel.

■  Next, just think of letting the head drop forward and then
tightening the muscles (setting); then think of bringing the
head back and relaxing. Reinforce to the patient the ability
to influence the feeling of contraction and relaxation in the
muscles.

■  Finally, just think of tensing the muscles and relaxing, let-
ting the tension go out of the muscles even more. Point out
that he or she feels even greater relaxation. Once the patient
learns to perceive tension in muscles, he or she can then
consciously think of relaxing the muscles. Emphasize the
fact that the position of the head also influences muscle
tension. Have the patient assume various head postures and
then correct them until the feeling is reinforced.

Modalities and Massage
Once acute symptoms are under control, the use of modalities
and massage are minimized or decreased so the patient learns
self-management through exercises, relaxation, and posture
retraining and does not become dependent on external 
applications of interventions for comfort.

Healthy Exercise Habits
It is important to integrate a progression of postural control
into all exercises, aerobic conditioning, and functional ac-
tivities (see Chapter 16). The patient is carefully observed 
as greater challenges to activities are performed, and, if 
necessary, reminders are provided to find the neutral spinal
position and to initiate contraction of the stabilizing mus-
cles prior to the activity. For example, when reaching over-
head, the patient learns to contract the abdominal muscles
to maintain a neutral spine position and not allow the spine
to extend into a painful or unstable range. This is incorpo-
rated into body mechanics, such as when going from picking
up and lifting to placing an object on a high shelf, or into
sport activities when reaching up to block or throw a ball.
Once developed under your guidance, encourage the patient
to continue with a healthy lifestyle, fitness level, and body
mechanics.
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Independent Learning Activities

Critical Thinking and Discussion
1. What are the functional differences between the way the

cervical spine and lumbar spine are used in daily activities?
2. Explain how faulty posture can cause painful symptoms.

3. Explain why a “one-size-fits-all” exercise program for pos-
ture correction cannot benefit everyone, or how it may be
detrimental to some individuals. Discuss this in relation
to each of the faulty postures described in this chapter.
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Laboratory Practice
1. Practice identifying the effects various postures have on the

various regions of the spine—that is, what happens to the
cervical and lumbar spine when in supine, prone, side-
lying, sitting, and standing postures; does the spine tend to
move into flexion or extension? Determine what is needed
to change the position; that is, if flexion is emphasized in a
particular posture, what is needed to move the spine into a
more neutral (midrange) position?

2. Identify and feel what happens to the various portions of
the spine when moving from one position to another (i.e.,
rolling supine to prone and return, moving from supine
to sit, sit to stand and reverse). What happens to the lum-
bar spine and pelvis when walking; how is this affected if
the person has a hip-flexion contracture or a contracture
in the external rotators of the hip?

3. Examine the standing posture of a classmate; then ex-
amine the joint ROM, muscle flexibility, and muscle
strength. Identify any muscle imbalances in length and
strength; then design an intervention program to influ-
ence change in the impairments. Use the guidelines 
presented in this chapter and summarized in Box 14.1 as
well as Chapters 16 through 22 for suggested exercises
and their safe application.

4. Identify and compare the similarities and differences in
flexibility and muscle weakness between a person with ex-
cessive lumbar lordosis and an anterior pelvic tilt and a
person with a slouched posture who stands with the pelvis
shifted forward and the thorax flexed. What effect does
each pelvic posture have on the hip position, and what
muscles would develop restricted mobility? Usually in the
slouched posture the thorax and upper lumbar spine are
flexed; would the curl-up exercise be beneficial, or would
it contribute to this problem? Develop an exercise program
that addresses the common flexibility and strength impair-
ments without reinforcing the faulty posture.

Case Studies
Case 1
Your patient is a 35-year-old computer programmer who is 
referred to you because of pain symptoms in the right cervical,
posterior shoulder, and arm regions. The symptoms get pro-
gressively worse when at work; usually the pain begins within 
1 hour, and it is 6/10 by lunchtime. The same cycle occurs in the

afternoon. There is occasional “tingling” in the thumb and index
finger. The symptoms have progressively worsened over the last
3 months, ever since being placed in a priority job. Recreational
activities include tennis and reading; the tennis does not cause
symptoms, but reading makes the neck pain worse.

Examination reveals forward head and round shoulder
posture. Capital flexion 50% range, cervical rotation and side
bending are each 80% range, shoulder external rotation is 75˚.
There is restricted flexibility in the pectoralis major, pectoralis
minor, levator scapulae, and scalene muscles. Cervical quad-
rant test reproduces the tingling in the right hand; all other
neurological tests are negative. Strength of the suprahyoid and
infrahyoid muscles, scapular retractors, and shoulder lateral
rotators is 4/5.

■ What is provoking the patient’s symptoms and signs? What
are the functional limitations? What is the prognosis?

■ Identify impairment and functional outcome goals.
■ Establish a program of intervention. How can you progress

this person to functional independence?

Case 2
A 51-year-old auto mechanic is referred to physical therapy
because of pain symptoms in the left buttock and posterior
thigh. The symptoms are worse when standing and reaching
overhead for more than 15 minutes, which is what he does
when working on a car that is up on the racks. Carrying heavy
objects (> 50 lb), standing, and walking for more than a half-
hour increase the symptoms. There is no precipitating inci-
dent, but the symptoms have been recurrent over the past year.
Symptoms also increase with the recreational activity of back-
packing. Symptoms ease when in the rocker recliner, lying on
a couch with knees bent, or when hugging knees to chest.

Examination reveals swayback posture when standing; de-
creased flexibility in the low back, gluteus maximus, ham-
strings (straight leg raising to 60˚), and upper abdominals;
and increased pain with backward bending. Strength of the
lower abdominals is 3/5. He is able to do repetitive lunges and
partial squats for a maximum of 20 seconds.

■ What is provoking the patient’s symptoms and signs? What
are the functional limitations? What is the prognosis?

■ Identify impairment and functional outcome goals.
■ Establish a program of intervention. Use the taxonomy of

motor tasks discussed in Chapter 1 (see Figs. 1.6 and 1.7 and
accompanying text) to develop a progression of exercises and
tasks to progress this person to functional independence.
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In theory, treating impairments and activity limitations 
related to the tissues of the spinal column and trunk is the
same as treating tissue injuries of the extremities. The
major complicating factor in the spine is the close proxim-
ity of key structures to the spinal cord and nerve roots. The
challenge for the therapist is to recognize the complex func-
tional relationships of the facet joints, the intervertebral
joints, the muscles, the fascia, and the nervous system and
know how to examine and evaluate the individual who
presents with pain and activity limitations. Activity, rather
than prolonged bed rest, has long been accepted as impor-
tant in the management of patients with spinal and pos-
tural pain2,242 but defining what are beneficial and safe
activities during the process of healing and rehabilitation
is the task of the therapist.

The medical model of diagnosis does not lend itself to di-
rect therapeutic exercise intervention strategies, particularly
because patients’ complaints of back or neck pain often do
not relate to specific pathologies. Efforts are being made to
determine the most effective way to categorize patients with
symptoms affecting spine and trunk function in order to be
more accurate with outcome research.37,49,73,158,159,204,214 In
addition, results from research studies have provided some
criteria for predicting outcomes in subgroups of patients with
back and neck pain so therapists can better identify the inter-
ventions that are more likely to result in positive out-
comes.9,14,38,42,103,145,198,200,233,249 The approach described in
this text supports the importance of treatment based on 
the presenting structural and functional impairments that 
result in activity limitations while respecting the pathome-
chanics, pathophysiology, and precautions of specific medical
diagnoses.

The content of this chapter has three major emphases. The
first section reviews the pathology and pathomechanics of
spinal structures. The focus of the second section is on prin-
ciples and guidelines for managing patients with impaired
function in the spine. This section includes principles of in-
terventions for the broad categories of acute, subacute, and
chronic spinal conditions and also expands on specific inter-
ventions for impairment-based diagnostic categories and
their relationship to the Clinical Practice Guidelines.37,48

Techniques geared toward treating specific impairments are
described in these sections.

The third major section contains medical diagnoses unique
to the thoraco-lumbopelvic and upper thoraco-craniocervical
regions. Because the function of the temporomandibular joint
(TMJ) is closely related to the cervical spine, physical therapy
management guidelines for impairments related to the TMJ
conclude the chapter.

General therapeutic exercise techniques of intervention
for all spinal and postural impairments are described in
Chapter 16. Chapters 14, 15, and 16 are written with the as-
sumption that the reader has completed or is concurrently
taking a course in examination and evaluation of the spine
and posture.

Spinal Pathologies and
Impaired Spinal Function

Pathology of the
Intervertebral Disc

Normal structure and function of the intervertebral (IV) disc
are described in Chapter 14. Trauma, as well as normal aging,
can lead to degeneration of the disc and affect the mechanics
of the entire spine.91,195

Injury and Degeneration of the Disc
Various authors have defined the terms herniation, protru-
sion, and extrusion differently.23,65,148,158,213 The following
definitions are used in this text (Fig. 15.1):

■  Herniation: displacement of disc material beyond the nor-
mal limits of the IV disc space. It may include the nucleus
pulposus, cartilage, fragmented apophyseal bone, or an-
nulus fibrosus. Herniated discs are further described as
protrusions or extrusions, based on the shape of material
outside the disc space.88

■  Protrusion: the displaced disc material is continuous with
the material within the disc. This is also described as the
nuclear material being contained by the outer layers of the
annulus and supporting ligamentous structures.

■  Extrusion: extension of nuclear material beyond the con-
fines of the posterior longitudinal ligament or above and
below the disc space, as detected on magnetic resonance
imaging (MRI),213 but may still be in contact with the
disc,158 or may be completely sequestrated.65

■  Sequestration: the extruded disc material is no longer con-
tained by the outer annulus and has separated and moved
away from the IV disc.65,158

Fatigue Breakdown and Traumatic Rupture
A decrease in the continuity and integrity of structure of the
annulus fibrosus may be a consequence of the normal aging
process resulting in annular fissures or may be caused by 
fatigue breakdown or traumatic rupture

Fatigue breakdown. Over time, the annulus breaks down as
a result of repeated overloading of the spine in flexion with
asymmetrical forward bending and torsional stresses.3,4,66

■  With torsional stresses, the annulus becomes distorted, most
obviously at the posterolateral corner opposite the direction
of rotation. The layers of the outer annulus fibrosus lose
their cohesion and begin to separate from each other. Each
layer then acts as a separate barrier to the nuclear material.
Eventually, radial tears occur, and there is communication
of the nuclear material between the layers.66

■  With repeated forward bending and lifting or prolonged
postural stresses, the layers of the annulus are strained.
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They become tightly packed together in the posterolateral
corners, radial fissures develop, and the nuclear material
migrates down the fissures.3,4 Outer layers of annular fibers
can contain the nuclear material so long as they remain a
continuous layer.3 After injury, there is a tendency for the

nucleus to swell and distort the annulus. Distortion is more
severe in the region in which the annular fibers are
stretched.4 If the outer layers rupture, nuclear material may
herniate through the fissures.

■  Healing is attempted, but there is poor circulation in the
disc.17 There may be self-sealing of a defect with nuclear
gel or proliferation of cells of the annulus. Any fibrous re-
pair is weaker than normal and takes a long time because
of the relative avascular status of the disc.

Traumatic rupture. Rupture of the annulus can occur as a
one-time event, or it can be superimposed on a disc where
there has been gradual breakdown of the annular rings. This
is seen most commonly in traumatic hyperflexion injuries.4

Axial Overload
Axial overload (compression) of the spine usually results in
end-plate damage or vertebral body fracture before there is any
damage to the annulus fibrosus.25 Scheuermann’s disease oc-
curs when the nucleus migrates either superior or inferior
through a cracked end-plate. When there is a compression frac-
ture, flexion and axial loading usually causes increased pain.
Pain may occur without nerve root involvement, although there
may be referred pain in the extremities. Scheuermann’s disease
and compression fracture are discussed in the third section of
this chapter.

Age
Individuals are most susceptible to symptomatic disc injuries
between the ages of 30 and 45 years. During this time the 
nucleus is still capable of imbibing water, but the annulus
weakens owing to fatigue loading over time and therefore is
less able to withstand increased pressures when there are dis-
proportionately high or repetitive stresses. The nuclear ma-
terial may protrude into the tears of fissures, which most
commonly are posterolateral and, with increased pressures,
may bulge against the outer annular fibers, causing annular
distortion. The nuclear material may also extrude from the
disc through complete fissures in the annulus.3,17,66,148

Degenerative Changes
Any loss of integrity of the disc from infection, disease, her-
niation, or an end-plate defect becomes a stimulus for de-
generative changes in the disc.17 A strong genetic component
has been linked to disc degeneration, whereas smoking and
a history of heavy lifting appear to have little effect on this
disease process.16 Battie16 identified people who were diag-
nosed with a disc injury prior to turning age 21 and found
they were four to five times more likely to have a significant
family history of IV disc pathologies. 

■  Degeneration is characterized by progressive fibrous changes
in the nucleus, loss of the organization of the rings of the 
annulus fibrosus, and loss of cartilaginous end-plates.14

■  As the nucleus becomes more fibrotic, it loses its capacity
to imbibe fluid. Water content decreases, and there is an 
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FIGURE 15.1 Disc breakdown, showing (A) breakdown and com-
pression of fibrous layers of the annulus and displacement of disc
material; (B) radial fissures with nuclear material bulging against the
outer annulus; (C) extrusion of nuclear material through the outer
annulus but still in contact with the disc; (D) sequestration of nuclear
material beyond the annulus; and (E) MRI scan of a 61-year-old 
patient with low back pain and symptoms radiating into the leg. The
scan demonstrates moderate multilevel degenerative disc disease of
T12–L1 through L4–5 with mild retrolisthesis of L2 on L3 and L3 on L4.
At the L4–5 level, note a small diffuse disc herniation with large para-
central disc extrusion dissecting cranially.
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associated decrease in the size of the nucleus. Acute disc
protrusions caused by a bulging nucleus pulposus against
the annulus or extrusions of the nucleus through a torn 
annulus are rare in older people.

■  It is possible to have protrusions of the annulus fibrosus
without bulging from nuclear pressure. Myxomatous degen-
eration with annular protrusion has been demonstrated in
disc lesions in older people.248

Effect on Spinal Mechanics
Injury or degeneration of the disc affects spinal mechanics in
general.187 During the early stages, there is increased mobility
of the segment with greater than normal flexion/extension
and forward and backward translation of the vertebral body,
leading to segmental instability. Force distribution through
the entire segment is altered, causing abnormal forces in the
facets and supporting structures.31,66

Disc Pathologies and Related
Conditions
Disc herniation, tissue fluid stasis, discogenic pain, and
swelling from inflammation are conditions that may result
from prolonged flexion postures, repetitive flexion micro-
trauma, or traumatic flexion injuries. Initially, symptoms may
be exacerbated when attempting extension but then may be
decreased when using carefully controlled extension motions.
Several studies have documented that patients with a herni-
ated nucleus pulposus (HNP) who have symptom reduction
with an extension approach to treatment respond favorably
to conservative nonsurgical treatment.9,26,48,133,201,220

Tissue Fluid Stasis
During sustained end-range flexed postures in the spine, the
discs, facet joints, and ligaments are placed under sustained
loading.23 The intradiscal pressure increases, and there is
compression loading on the cartilage of the facets and a dis-
tractive tension on the posterior longitudinal ligament and
posterior fibers of the annulus fibrosus. Ligamentous creep
and fluid transfer occur. Sudden movement into extension
does not allow for redistribution of the fluids and so 
increases the vulnerability of the distended tissue to injury
and inflammation.234 Symptoms may be similar to those 
described for disc lesions because they lessen with repeated
extension motions and respond to treatment described in 
the management section (under Extension Bias) later in the
chapter.

Signs and Symptoms of Disc Lesions
and Fluid Stasis
Etiology of Symptoms
The disc is innervated by the mixed spinal nerve and the gray
ramus communicans. Since only the outer one-third of the

annulus has nerve innervation,189 not all disc protrusions are
symptomatic.

Pain. Symptoms of pain arise from pressure of a swollen disc
or swollen tissues against pain-sensitive structures (ligaments,
dura mater, blood vessels around nerve roots) or from the
chemical irritants of inflammation if there is herniated disc
material.17,197

Neurological signs and symptoms. Neurological signs arise
from pressure against the spinal cord or nerve roots. The only
true neurological signs and symptoms are specific myotome
weaknesses and specific dermatome sensory changes. Radiat-
ing pain in a dermatomal pattern, increased myoelectric 
activity in the hamstrings, decreased straight-leg raising, and
depressed deep tendon reflexes can also be associated with 
referred pain stimuli from spinal muscles, interspinous liga-
ments, the disc, and facet joints and therefore are not true
signs of nerve root pressure.126,164

Variability of symptoms. Symptoms are variable depending
on the degree and direction of the protrusion as well as the
spinal level of the lesion.

■  Posterior or posterolateral protrusions are most common.
With a small posterior or posterolateral lesion, there may
be pressure against the posterior longitudinal ligament or
against the dura mater or its extensions around the nerve
roots. The patient may describe a severe midline backache
or pain spreading across the back into the buttock and
thigh.

■  A large posterior protrusion may cause spinal cord signs
such as loss of bladder control and saddle anesthesia. If a
large protrusion is untreated or undiagnosed in the cervical
region, it may lead to cervical myelopathy.

■  A large posterolateral protrusion may cause partial cord or
nerve root signs.

■  An anterior protrusion may cause pressure against the an-
terior longitudinal ligament, resulting in back pain. There
are no neurological signs.

■  The most common levels of protrusion are the segments
between the fourth and fifth lumbar vertebrae and between
the fifth lumbar vertebra and sacrum,149,190,191,217 although
a protrusion may occur at any level, including the cervical
spine. Disc herniations in the thoracic spine are extremely
rare (only 1 in 1,000190,191) due in part to the small disc 
to vertebrae ratio and the stable osseous anatomy of the
thoracic region. They are most common at T11 and T12
because of the increased mobility in this area. A herniation
in the thoracic region is much more severe than a hernia-
tion in the lumbar spine because if the disc herniates 
directly posterior, this will place the person at risk for spinal
cord compression.

Shifting symptoms. Symptoms from a disc lesion may shift
if there is integrity of the annular wall because the hydrostatic
mechanism is still intact.158,159
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Inflammation. Contents of the nucleus pulposus in the neu-
ral canal may cause an inflammatory reaction and irritate the
dural sac, its nerve root sleeves, or the nerve roots. The symp-
toms may persist for extended periods and are not responsive
to purely mechanical changes. The back pain may be worse
than leg pain on the straight-leg raising test. Poor resolution
of this inflammatory stimulus may lead to fibrotic reactions,
nerve mobility impairments, and chronic pain.155,209,212 Early
medical intervention with anti-inflammatory agents is usually
necessary.209 However, patients with large sequestration frag-
ments have better success with surgery.127,226 

Onset and Behavior of Symptoms 
From Disc Lesions
Onset. Onset is usually between 20 and 55 years of age but
most frequently from the mid-30s to 40s. Except in cases of
trauma, symptomatic onset in the lumbar spine is usually 
associated simply with bending, bending and lifting, or attempt-
ing to stand up after having been in a prolonged recumbent, sit-
ting, or forward-bent posture. The person may or may not have
the sensation of something tearing.159 Although cervical disc 
lesions are not as prevalent, a prolonged flexed spinal position
as in a forward head posture may lead to or exacerbate symp-
toms from a protrusion. Many patients have a predisposing 
history of a faulty flexion posture.

Pain behavior. Pain may increase gradually when the person
is inactive, such as when sitting or after a night’s rest. The patient
often describes increased pain when attempting to get out of
bed in the morning or when first standing up. Symptoms are
usually aggravated with activities that increase the intradiscal
pressure, such as sitting, forward bending, coughing, straining,
or when attempting to stand after being in a flexed position.
Usually, symptoms are lessened when walking except when the
bulge is large or the nuclear material has prolapsed and moved
beyond the confines of the annulus.159

Acute pain. When there is inflammation during the acute
phase, pain is almost always present but varies in intensity,
depending on the person’s position or activity.

When there is a lumbar disc lesion, initially discomfort is
noticed in the lumbosacral or buttock region. Some patients
experience aching that extends into the thigh or leg. In the cer-
vical spine, initially pain is noticed in the midscapular and
shoulder area. Numbness or muscle weakness (neurological
signs) is not noted unless the protrusion has progressed to a
degree to which there is nerve root, spinal cord, or cauda
equina compression.

Objective Clinical Findings in the Lumbar Spine
NOTE: The following information relates to a contained poste-
rior or posterolateral nuclear protrusion in the lumbar spine.159

The impairments are summarized in Box 15.1.

■ The patient usually prefers standing and walking to 
sitting.

■ The patient may have a decrease in or loss of lumbar lordosis
and may have some lateral shifting of the spinal column.

■ Forward bending is limited. When repeating the forward-
bending test, the symptoms increase or peripheralize. Periph-
eralization means the symptoms are experienced farther down
the leg (Fig. 15.2).

■ Backward bending is limited; when repeating the backward-
bending test, the pain lessens or centralizes.140,146,250 Central-
ization means that the symptoms recede up the leg or become
localized to the back. If the protrusion cannot be mechanically
reduced, backward bending peripheralizes or increases the
symptoms.

■ If there is a lateral shift of the spinal column, backward bend-
ing increases the pain. If the lateral shift is first corrected, re-
peated backward bending lessens or centralizes the pain
(see Figs. 15.6 and 15.7 in the management section of this
chapter).

■ Testing passive lumbar flexion in the supine position (double
knees-to-chest) and passive extension in the prone position
(press-ups) usually produces signs similar to those of the
standing tests, but results may not be as dramatic because
gravity is eliminated.

■ Pain between 30° and 60° of straight-leg raising is considered
positive for interference of dural mobility but not pathogno-
monic for a disc protrusion.235

■ Contained nuclear protrusion can be influenced by move-
ment because the hydrostatic mechanism is still intact. A
complete tear of the outer layers of the annulus disrupts
the hydrostatic mechanism, so the herniated or prolapsed
nuclear material cannot be influenced by movement.158

Anti-inflammatory intervention by a physician is important
during the acute phase. Patients with disc extrusions may
respond to conservative measures owing to resolution of
the inflammation and resorption of the disc material.213
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BOX 15.1 Summary of Common Impairments
Related to Disc Protrusions in the
Lumbar Spine

■ Pain, muscle-guarding
■ Flexed posture and deviation away from (usually) the

symptomatic side
■ Neurological symptoms in dermatome and possibly

myotome of affected nerve roots
■ Increased symptoms (peripheralization) with sitting,

prolonged flexed postures, transition from sit to stand,
coughing, straining

■ Limited nerve mobility, such as straight-leg raising (usually
between 30° and 60°)

■ Peripheralization of symptoms with repeated forward-
bending (spinal flexion) tests
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Objective Clinical Findings in the Cervical
Spine
■  Findings are similar to those in the lumbar spine except

they are displayed in the respective dermatomes and my-
otomes of the cervical nerve roots.

■  Initially, the patient may present with a faulty forward head
posture and may hold the head in a guarded side-bent or
rotated position away from the symptomatic side.

■  Cervical flexion peripheralizes the symptoms; neck retrac-
tions (axial extension) followed by extension may centralize
the symptoms of a contained nuclear bulge.

■  There may be nerve mobility impairments in the upper 
extremity.

■  Manual distraction may relieve or centralize the symptoms.
■  In severe cases, the patient may present with bilateral symp-

toms or cervical myelopathy characterized by gait abnor-
malities, upper motor neuron lesions, and/or leg weakness
and paresthesia due to pressure on or irritation of the
spinal cord.

Pathomechanical
Relationships of the
Intervertebral Disc 
and Facet Joints

The disc and facets make up a three-joint complex between
two adjoining vertebrae and are biomechanically interre-
lated. An asymmetrical disc injury affects the kinematics of
the entire unit plus the joints above and below, resulting in

asymmetrical movements of the facets, abnormal stresses,
and eventually cartilage degeneration.188

Disc Degeneration
As the disc degenerates, there is a decrease in both water con-
tent and disc height. The vertebral bodies approximate, and
the IV foramina and spinal canal narrow.31 This is called 
degenerative disc disease.

Initial Changes
Initially, there is increased slack with increased mobility and
translation in the spinal segment. Opposition of the facet 
surfaces changes and the capsules are strained, resulting in 
irritation, swelling, and muscle spasm.

Altered Muscle Control
Altered joint receptor function negatively affects muscle re-
cruitment in swollen joints.212 Pain has also been cited as a fac-
tor for altered and diminished recruitment patterns in the
stabilizing muscles of the spine.108,109,112 Increasing shear forces
from poor midrange stabilization places increased stresses on
the osteoligamentous support structures, which is thought to
contribute to segmental hypermobility or instability.72

Progressive Bony Changes 
Eventually, with the repeated irritation due to the faulty me-
chanics, there are progressive bony changes in the facet and
vertebral body margins. This is known as spondylosis, os-
teoarthritis (OA), or degenerative joint disease (DJD). Osteo-
phyte formation along the facets and spondylitic lipping and
spurring along the vertebral bodies occur, and hypomobility
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FIGURE 15.2 Examples of peripheralization and centralization of lower-quarter symptoms. Viewing the images left to right illustrates peripher-
alization of symptoms; from right to left illustrates centralization.
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develops.165 These changes lead to additional narrowing of
the associated foramina and spinal canal. In the cervical spine,
the uncovertebral joints thicken, roughen, and distort.207

Related Pathologies
Segmental (Clinical) Instability
Segmental instability has been described as poor control in
the neutral zones within the physiological range of spinal
movement because of a decrease in the capacity of the neu-
romuscular stabilizing system to control the movement.72,188

Clinically, patients demonstrate difficulty moving in the
midranges of spinal motion and may demonstrate shifting or
fluctuation in movement (see the section on pathomechanics
of spinal instability in this chapter).

Stenosis
Stenosis is narrowing of a passage or opening. In the spine,
stenosis is any compromise of the space in the spinal canal
(central stenosis), nerve root canal, or foramen (lateral steno-
sis); it can be congenital or acquired and can occur at any
age. The narrowing may be caused by soft tissue structures,
such as a disc protrusion, fibrotic scars, or joint swelling; by
bony narrowing as with spondylitic osteophyte formation or
spondylolisthesis; or by faulty posture. With progression,
neurological symptoms develop. Extension exacerbates the
symptoms.175

 FOCUS ON EVIDENCE
The report of a study in which patients with four or more of
the following variables identified a specificity of 0.98 for cen-
tral stenosis: bilateral LE symptoms, leg pain that is worse than
back pain, pain during walking and/or standing, pain relief
with sitting, and more than 48 years old.44

Neurological Symptoms: Radiculopathy
Spinal nerve root or spinal cord symptoms may occur:

■  When protrusion of the disc compresses against the cord
or nerve roots.

■  When there is decreased disc height due to degenerative
changes196 or excessive translation of the vertebra from
shear forces resulting in decreased foraminal space. The
nerve root becomes impinged between the tip of the supe-
rior articulating facet and the pedicle.

■  When there is an inflammatory response due to trauma,
degeneration, or disease with accompanying edema and
stenosis.

■  When spondylosis results in osteophytic growth on the 
articular facets or along the disc borders of the vertebral
bodies that decreases spinal canal or IV foraminal size.

■  When there is spondylolisthesis or when there is scarring
or adhesion formation after injury or spinal surgery.

Dysfunction
The cycle of dysfunction caused by injury, pain, and muscle
splinting leads to further restriction of movement, pain, and
muscle splinting unless appropriate therapy is introduced.
There are additional descriptions of facet joint pathologies in
the following section.

Pathology of the
Zygapophyseal (Facet) 
Joints

Facet joints are synovial articulations that are enclosed in a
capsule and supported by ligaments; they respond to trauma
and arthritic changes similar to any peripheral joint.

Various types of meniscoid-like structures or invaginations
of the facet capsules are present in the zygapophyseal joints
of the spine. They are synovial reflections containing fat and
blood vessels. In some cases, dense fibrous tissue develops as
a result of mechanical stresses.23 Some people describe en-
trapment of these structures between the articulating surfaces
with sudden or unusual movement as a source of pain and
limited motion via tension on the well-innervated cap-
sule.23,228 Bogduk23 describes the locked-back mechanism as
being “extrapment” of the meniscoids in the supracapsular or
infracapsular folds, which then blocks the return to extension
from the flexed position. It is called an “extrapment” because
the meniscoid fails to re-enter the joint cavity; consequently,
it becomes a space-occupying lesion in the capsular folds,
causing pain as it impacts against and stretches the capsules.

Common Diagnoses and Impairments
From Facet Joint Pathologies
The etiology of facet joint pathologies may be a result of
trauma, degeneration, or a systemic disease. Box 15.2 summa-
rizes the impairments and functional limitations. 

Facet Sprain/Joint Capsule Injury
There is usually a history of trauma, such as falling or a motor
vehicle accident. The joints react with effusion (swelling), lim-
ited range of motion (ROM), and accompanying muscle
guarding. The swelling may cause foraminal stenosis and neu-
rological signs.

Spondylosis, Osteoarthritis, and Degenerative
Joint Disease
Spondylosis and OA are synonymous terms. This pathology
may also be referred to as DJD. Osteoarthritis involves degen-
eration of the IV disc as well as the facet joints. Usually, there
is a history of faulty posture, prolonged immobilization after
injury, or severe or repetitive trauma.

■  During the early stages of degenerative changes, there is
greater play, or hypermobility/instability, in the three-joint
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complex. Over time, stress from the altered mechanics leads
to osteophyte formation with spurring and lipping along
the joint margins and vertebral bodies. Progressive hypo-
mobility with bony stenosis results. The encroachment of
osteophytes on the spinal canal and IV foramina may cause
neurological signs, especially with spinal extension and side
bending.

■  Usually, when there is hypomobility, compensatory hyper-
mobility occurs in neighboring spinal segments.

■  Pain with movement and/or joint stiffness following peri-
ods of rest are the primary reasons people seek physical
therapy.

■  Pain may result from the stresses of excessive mobility or
from stretch to hypomobile structures. Pain may also 
be a result of the encroachment of developing osteo-
phytes against pain-sensitive tissue or of swelling and 
irritation because of excessive or abnormal mobility of
the segments.

■  The degenerating joint is vulnerable to facet impingement,
sprains, and inflammation, as is any arthritic joint.

■  In some patients, movement relieves the symptoms; in 
others, movement irritates the joints, and painful symptoms
increase.

Rheumatoid Arthritis
Symptoms of rheumatoid arthritis (RA) can affect any of the
synovial joints of the spine and ribs. There is pain and
swelling.

■  RA in the cervical spine presents special problems. There
are neurological symptoms wherever degenerative change
or swelling impinges against neurological tissue. There is
increased fragility of tissues affected by RA, such as osteo-
porosis with cyst formation, erosion of bone, and instabil-
ities from ligamentous necrosis. Most common of the

serious lesions are atlantoaxial subluxation and C4–5 and
C5–6 vertebral dislocations.163

■  Pain or neurological signs originating in the spine may or
may not be related to subluxation. Therefore, these signs
should be used as a precaution whenever dealing with this
disease because of the potential damage to the spinal
cord.163

■  Radiograph or CT scan examinations are important in
ruling out instabilities; signs and symptoms alone are not
conclusive.

PRECAUTION: Inappropriate movements of the spine in 
patients with RA, such as performing cervical manipulation,
could be life-threatening or extremely debilitating because of
the potential to cause damage to the cervical cord or vertebral
artery.163

Ankylosing Spondylitis
Ankylosing spondylitis (AS) is a rheumatic disease character-
ized by chronic inflammation of the ligaments in the lumbar
and spinal areas.80 The inflamed cartilage/bony junction will
fuse in approximately 20% of the population.241

■  The prevalence of this pathology is approximately 1 to 
3 per 1,000 people, and the diagnosis peaks in the mid-20s.59

■  This pathology appears to begin in the lumbar spine and
progress cephalad. The sacroiliac (SI) joints are affected
nearly 100% of the time, followed by the neck (75%), lum-
bosacral area (50%), and hips and heels (30%).80,141

■  There is a gradual loss of motion and the person will com-
plain of general stiffness. The patient may initially com-
plain of bilateral pain in his or her SI joints, thoracic spine,
or shoulders. The person will wake up early with pain and
stiffness and have difficulty standing up straight.

■  In advanced cases, radiographs will reveal a “bamboo”
spine. This imaging identifies where the anterior longitu-
dinal ligament has fused to the vertebral bodies. Decreased
joint spaces may also be identified on the film.80,141

 FOCUS ON EVIDENCE
Rudwaleit and associates206 identified four variables that
were often seen in people with ankylosing spondylitis. 
The variables were stiffness greater than 30 minutes in du-
ration, back pain that improved with exercise but not rest,
back pain that wakes a person up in the second half of the
night, and alternating buttock pain. If three or more of
these parameters were met, this yielded a positive likelihood
ratio of 12.4 and specificity and sensitivity of .97 and .34,
respectively.

PRECAUTION: Atlanto-axial subluxation is the hallmark of
cervical spine involvement. Extreme caution should be used
when assessing and manipulating the cervical spine region to
avoid causing serious or fatal injury.80,141,239

450 Pathology of the Zygapophyseal (Facet) Joints

BOX 15.2 Summary of Common Impairments
and Activity Limitations Related to
Facet Joint Pathology

■ Pain: When acute, there is pain and muscle guarding with
all motions; pain when subacute and chronic is related to
periods of immobility or excessive activity.

■ Impaired mobility: Usually hypomobility and decreased joint
play in affected joints; there may be hypermobility or
instability during early stages.

■ Impaired posture.
■ Impaired spinal extension: Extension may cause or

increase neurological symptoms due to foraminal stenosis;
therefore, may be unable to sustain or perform repetitive
extension activities without exacerbating symptoms.

■ Any activity that requires flexibility or prolonged repetition of
trunk motions, such as repetitive lifting and carrying of heavy
objects, may exacerbate symptoms in the arthritic spine.
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Facet Joint Impingement (Blocking, Fixation,
Extrapment)
With a sudden or unusual movement, the meniscoid of a facet
capsule may be extrapped, impinged (entrapped), or stressed,
which causes pain and muscle guarding. The onset is sudden
and usually involves forward bending and rotation.23,234

■  There is loss of specific motions and attempted movement
induces pain. At rest, the individual has no pain.

■  There are no true neurological signs, but there may be 
referred pain in the related dermatome.

■  Over time, stress is placed on the contralateral joint and on
the disc, leading to problems in these structures.

Pathology of the Vertebrae

Axial overload (compression) of the spine may cause end-plate
damage or vertebral body fracture. Compression fracture is a
complication of osteoporosis.

Compression Fracture Secondary 
to Osteoporosis
The prevalence, risk factors, prevention, recommendations for
general exercise, and exercise precautions for osteoporosis are
described in detail in Chapter 11, with information related to
the older population in Chapter 24. Vertebral compression frac-
tures most often occur in the thoracolumbar region as the result
of a fall or trauma or from performing basic activities of daily
living (ADLs) that require forward bending of the trunk.

■  Fractures usually occur during the sixth or seventh decade
of life in the anterior vertebral body.

■  Pain may be referred to the low back or abdominal region
with or without lower extremity radiculopathy.

■  Patients present with increased thoracic kyphosis (some-
times called dowager’s hump) and lumbar lordosis second-
ary to instability, bony changes (wedging), and muscle
weakness.

■  Exercise prescription is based on the person’s pain tolerance.
■  Surgical interventions, such as vertebroplasty, may be 

indicated in severe cases or to prevent progression.
■  The risk of low back pain (LBP) caused by a serious pathol-

ogy, in the absence of trauma is less than 1% in the general
population.99 The physical therapist is encouraged to be
concerned when multiple red flags are present versus a 
single outlying sign or symptom. 

 FOCUS ON EVIDENCE
Henske et al98 identified five major factors that may incriminate
a spinal fracture. These variables include >50 years old, female
gender, history of major trauma, pain and tenderness, and/or
co-occurring distraction/painful injury. Additionally, this same
study reported that a person with ≥3 of the following variables

had a posttest probability of 52% for a vertebral compression
fracture. The variables were: >70 years old, female gender, sig-
nificant trauma, and prolonged use of corticosteroids.

Scheuermann’s Disease
Scheuermann’s disease is a rare congenital and/or degenera-
tive weakening of the vertebral endplates, typically seen at
T10–L2.149 The nucleus pulposus can protrude vertically into
the vertebral end-plate, which can lead to a bony necrosis or
Schmorl’s nodes. Scheuermann’s disease may also be caused
by insufficient blood supply to the growing bone. This pathol-
ogy is usually seen in the second decade of life and may be 
diagnosed as “growing pains.” Intervention should be related
to presenting signs with the caution to minimize compressive
forces on the vertebrae.

Pathology of Muscle and Soft
Tissue Injuries: Strains,
Tears, and Contusions

Common impairments and functional limitations are sum-
marized in Box 15.3. 

General Symptoms From Trauma
Often more than one tissue is injured as a result of trauma.
The extent of the tissue involvement may not be detectable
during the acute phase.

■  There is pain, localized swelling, tenderness on palpation,
and protective muscle guarding regardless of whether the
injured tissue is inert or contractile. Muscle guarding serves
the immediate purpose of immobilizing the region. If the
muscle contraction is prolonged, it results in the buildup
of metabolic waste products and sluggish circulation. This
altered local environment results in irritation of the free
nerve endings, so the muscle continues to contract and be-
comes the source of additional pain (see Fig. 10.1).

■  Ligamentous strains cause pain when the ligament is
stressed. If torn, there is hypermobility of the segment.

■  As healing of the involved structures occurs, there may be
adaptive shortening or scar tissue adhering to surrounding
tissue and restricting tissue mobility and postural alignment.

Common Sites of Lumbar Strain
A common site for injury in the lumbar region is along the
iliac crest. This is where many forces converge around the 
attachment of the lateral raphe of the lumbodorsal fascia,
quadratus lumborum, erector spinae, and iliolumbar liga-
ment (see Fig. 14.12). Injury to this region frequently occurs
with falls and with repeated loading of the region during 
lifting or twisting motions.
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Common Sites of Cervical Strain
Common injuries in the neck and upper thoracic region
occur with flexion/extension trauma. Serious cervical trauma
may result in vertebral fractures and spinal cord injury. Dis-
cussion of vertebral fractures and spinal cord injury is beyond
the scope of this text.

Extension injuries. When the head rapidly accelerates into
extension, if nothing stops it (such as a headrest in a car),
the occiput is stopped by the thorax. The posterior struc-
tures, especially the joints, are compressed. The anterior
structures (longus colli, suprahyoid, and infrahyoid mus-
cles) are stretched. The mandible is pulled open; the condy-
lar head of the TMJ translates forward, stressing the joint
structures, and the muscles (masseter, temporalis, medial
pterygoids) controlling jaw elevation are stretched.

Flexion injuries. When the head rapidly accelerates into
flexion and nothing stops it (such as the steering wheel or
air bag in a car), the chin is stopped by the sternum. The
mandible is forced posteriorly so the condylar head is
forced into the retrodiscal pad in the joint. The posterior
cervical muscles, ligaments, fasciae, and joint capsules are
stretched.

Postural Strain
Strain to the posterior cervical, scapular, and upper thoracic
muscles and fasciae is common with postural stresses such as
prolonged sitting at a computer terminal, a desk, or focused on
a tablet or other electronic device. Structures in the low back

region are strained with faulty standing and sitting postures.
Postural stresses are described in detail in Chapter 14.

Emotional Stress
Emotional stress is often expressed as increased tension in the
posterior cervical or lumbar region.

Activity Limitations and Participation
Restrictions
Impaired muscle function underlies most spinal problems
that demonstrate pain or poor spinal control and stabilization
during functional activities. 

Acute. During the acute phase, muscle guarding interferes
with basic activities, such as bed mobility, sitting, standing,
and walking, as well as ability to participate in family, work,
and recreational demands. 

Subacute and chronic. With the subacute and chronic con-
ditions, muscle impairments result in poor stabilization and
spinal control in prolonged upright postures and activities.
Stability of the spine is imperative for most activities and
needs to be addressed to minimize restrictions and improve
function.

Pathomechanics of Spinal
Instability

Spinal stability was defined and described in Chapter 14. The
mechanical model of stability in which stability is maintained
over the base of support by the guy wire function of the global
and segmental musculature was reviewed, as was the func-
tional model proposed by Panjabi and colleagues185-187 in
which stability is visualized as a three-legged stool that re-
quires not only the active muscle function, but also the passive
osteoligamentous structures and neural control from the cen-
tral nervous system to program muscle response for spinal
stability. All three legs of the stool are necessary for stability;
instability results when one (or more) of the legs does not
function properly.

There are various grades of instability. Patients who have
severe symptoms and radiographic evidence of excessive mo-
tion and who do not respond to conservative treatment be-
come candidates for spinal fusion.72 Surgical fusion of the
cervical and lumbar regions are discussed later in this chapter.
Clinical instability that can be managed by therapeutic exer-
cise interventions is defined by an increase in the neutral zone.

Neutral Zone
The neutral zone185,186 is the area that is midrange in the ROM
of a spinal segment in which no stress is placed on the passive
osteoligamentous structures. In the spine, the neutral zone is

452 Pathomechanics of Spinal Instability

BOX 15.3 Summary of Common Impairments
and Activity Limitations Associated
With Muscle and Soft Tissue
Injuries

Acute Stage
■ Pain and muscle guarding
■ Pain with contraction of the muscle or stretch on the

muscle
■ Interference with ADLs (rolling over, turning, sitting, sit to

stand, standing, walking)

Subacute and Chronic Stages
■ Impaired muscle performance
■ Impaired mobility—may have contractures in muscle and

related connective tissue or may have adhesions at site of
tissue injury

■ Impaired spinal control and stabilization during functional
activities

■ Impaired postural awareness
■ Limited IADLs, work, and recreational activities (difficulty

with repetitive or sustained postures, lifting, pushing,
pulling, reaching, and holding loads)
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relatively small (usually only several degrees of range is pos-
sible between any two vertebrae before the elastic zone of the
inert tissues is reached) and is controlled by dynamic tension
in the deep segmental musculature that attaches to each of
the spinal segments.

The neutral zone can be visualized as a ball lying on the
bottom of a bowl. The sides of the bowl represent the oste-
oligamentous structures that provide passive support of the
spinal segment. When the ball is disturbed, it rolls back and
forth and up against the sides of the bowl and eventually set-
tles back in the middle. A deep bowl has a smaller region in
which the ball can roll back and forth and therefore, less mo-
tion or more stability; a shallow bowl has a larger region in
which the ball can roll, so there is greater displacement or
more mobility (less stability) (Fig. 15.3 A and B). Muscles
added to this visualization are depicted as bungee cords that
are attached to the ball and go outward to the edges of the
bowl; they help center the ball in the middle of the bowl when
perturbations occur (Fig. 15.3 C). In a structure in which
there is less stability (more segmental movement), the muscles
have greater responsibility to maintain the neutral zone (ball
in the middle of the bowl).

Neutral spine. The term neutral spine is used clinically to
define the midrange of motion.

Instability
If there is an increase in the neutral zone, the segment may
show signs of instability.72,185-187 More segmental movement
may occur owing to disc degeneration, spondylolysis, spondy-
lolisthesis, or ligamentous laxity; or it may be due to poor neu-
romuscular control of the deep segmental stabilizing muscles

in maintaining the neutral zone because of fatigue, altered re-
cruitment pattern, reflex inhibition from pain, or some pathol-
ogy.72,186,187,236 The individual may experience neck or back pain
when aberrant movement occurs at the segment or stresses are
imposed at the end of the range (relaxed postures for a period
of time or sudden stress that the muscles cannot control).

 FOCUS ON EVIDENCE
It has been shown that activation and function in the trans-
versus abdominis (TrA) changes (delayed and more phasic)
in patients with LBP;110,111 there may be atrophy, structural
change, and altered electromyographic activity in the multi-
fidus at the painful spinal level as well, 46,105,203 possibly 
indicating less effective stabilizing action from these muscles.
Studies have also documented that training the deep segmen-
tal muscles for postural control and stability improves the
long-term outcome in patient populations with acute104 and
chronic183 LBP as well as pelvic girdle pain following preg-
nancy.223 In the cervical region, studies have documented
that training the stabilizing function of the deep cervical
musculature for postural control decreases the frequency and
intensity of symptoms of cervical headaches.121

Management Guidelines Based
on Stages of Recovery and
Diagnostic Categories

Principles of Management
for the Spine

At the time of a spinal injury, impairments, activity limita-
tions, and participation restrictions are not known. Up to
60% of acute back injuries resolve within 1 week and up to
90% resolve within 6 weeks129 with a recurrence rate of less
than 25%.22,222, 243 Participation restrictions are dependent on
the extent of the injury. If it involves the spinal cord, levels of
complete paralysis may occur requiring rehabilitative inter-
ventions to develop adaptations for participation in daily ac-
tivities. If it involves the nerve roots (also the cauda equina),
varying degrees of sensory loss in specific dermatomes and
muscle weakness in specific myotomes may occur, which may
or may not interfere with the individual’s daily personal and
work-related activities. Upper-quarter nerve roots affect func-
tion of the arms and hands; lower-quarter nerve roots affect
function of the lower extremities, especially during weight-
bearing activities. Studies on chronic pain syndromes as a 
result of spinal injuries seem to conclude that the degree of
participation restrictions is related to psychological, eco-
nomic, and sociological factors and prior incidence of injury
more than the actual tissues involved.135 Nerve root involvement
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FIGURE 15.3 Neutral zone of a spinal segment depicted as a bowl,
with the sides of the bowl representing the osteoligamentous tissues
and the moving ball representing the segmental mobility. (A) In a
deep bowl, when perturbations disturb the ball, there is little motion
as the ball rolls back and forth and settles in the center of the bowl—
representing stability. (B) In a shallow bowl, there is greater motion—
representing greater segmental mobility or instability. (C) Viewing the
bowl from above, bungee cords attached to the ball and the sides of
the bowl represent the dynamic function of segmental muscles. Ap-
propriately graded tension in the bungee cords stabilizes the ball
when perturbations disturb the unit.
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and pain provocation with active movements in several di-
rections are more common in patients who develop chronic
pain. Discussion of treatment for spinal cord injuries and
chronic pain syndromes is beyond the scope of this book.

Examination and Evaluation
History, systems review, and testing. A history and systems
review of the patient is conducted to rule out any serious con-
ditions, determine if the patient should be referred to another
practitioner, or determine if the patient’s condition is appro-
priate for physical therapy intervention. Then, if it is safe, tests
and measures are conducted to determine if the source of
symptoms can be influenced by mechanical changes in position
or movement and to establish a baseline from which changes
can be documented. Examination techniques and procedures
are beyond the scope of this text, but a brief summary of con-
cerns in the spinal area is listed to help focus on critical deci-
sions prior to establishing an intervention strategy.

■  Serious “red flag” conditions related to orthopedic conditions
that should be referred to a physician for management 
include spinal cord symptoms and signs (upper motor
neuron lesions), recent trauma in which spinal fracture 
or instabilities have not been ruled out, and serious pain
(especially pain that awakens the individual) that cannot
be explained mechanically.

■  Psychological distress may interfere with a patient’s recovery;
therefore, referral to an appropriate professional may be
indicated for a multidisciplinary approach in the patient’s
care. Several psychosocial questionnaires, including the 
Patient Health Questionnaire for Depression and Anxiety
(PHQ-4)138 and the Graded Chronic Pain Scale,178,237 can
be used to determine if referral is indicated. 

■  Neurological symptoms should be explored in an attempt to
relate them to spinal cord, nerve root, spinal nerve, plexus,
or peripheral nerve patterns. Causes of nerve root signs fre-
quently seen by physical therapists include IV disc protru-
sions; bony, soft tissue, or vascular stenosis in the spinal
canal or IV foramina; facet joint swelling; and nerve root
tension from restricted mobility or inflammation.

■  Pain patterns should be explored to determine if they relate
to a known musculoskeletal pattern or signal a medical
condition. It should be recognized that pain is interpreted
in many ways and has various meanings for different peo-
ple; therefore, the information is interpreted as only one
factor when determining cause of the symptoms.

 FOCUS ON EVIDENCE
Based on strong evidence, the Clinical Practice Guidelines
(CPGs) for Low Back Pain48 and for Neck Pain37 support uti-
lizing self-report questionnaires (such as the Oswestry Dis-
ability Index or Roland-Morris Disability Questionnaire for
the low back and the Neck Disability Index or Patient-Specific
Functional Scale for neck pain) for identifying the baseline 

status of pain, function, and disability to monitor change. Based
on expert opinion, the CPGs for Low Back and Neck Pain rec-
ommend monitoring activity limitations and participation 
restrictions by using reproducible and validated measures.37,48

Stage of recovery. Time frames for each recovery stage
vary depending on the reference used. In general, the acute
stage usually lasts less than 4 weeks, the subacute stage is 4 to
12 weeks, and the chronic stage is greater than 12 weeks.2

Chronic pain syndromes generally are conditions that extend
beyond 6 months.

■  Acute inflammatory stage. The patient experiences con-
stant pain, and there are signs of inflammation. No position
or movement completely relieves the symptoms. Medical
intervention with anti-inflammatory medications is usually
warranted.

■  Acute stage without signs of inflammation. Symptoms are
intermittent and related to mechanical deformation. There
may be signs of nerve irritability when the nerve root or
spinal nerve is compressed or placed under tension. The
patient may be categorized into an extension bias, a flexion
bias, or a nonweight-bearing bias based on the presenting
posture, movement impairments, or positions of symp-
tom relief. These categories are described in greater detail
in the next section. Delitto and associates49 classified pa-
tients as being at this stage if they cannot stand longer than
15 minutes, sit longer than 30 minutes, or walk more than
one-quarter of a mile without their status worsening.

■  Subacute stage. Usually at this stage, certain movements
and postures with some instrumental ADLs (IADLs) still
provoke symptoms, such as lifting, vacuuming, gardening,
and other activities requiring repetitive movement of loads,
so a basic lifestyle cannot fully be resumed. A more thor-
ough examination is conducted to identify specific impair-
ments, activity limitations, and participation restrictions
that could be interfering with recovery.

■  Chronic stage. When this stage is reached, emphasis is
placed on returning the patient to high-level demand ac-
tivities that require handling repetitive loads on a sustained
basis over a prolonged period of time (from heavy material
handling, to repetitive household activities that include lift-
ing small children, to strenuous athletic activities).

Diagnosis, prognosis, and plan of care. As mentioned in
the introduction to this chapter, specific pathologies and
medical diagnoses often do not guide the therapist when
choosing appropriate treatment interventions, and various
systems of patient classification for treating musculoskeletal
impairments and functional limitations are present in the lit-
erature.2,49,50,73,158,204,214 Several validation studies supporting
clinical prediction rules are available to assist the therapist
in making decisions when developing and modifying inter-
ventions.14,38,41,42,75,103,145,200,233 In addition, the CPGs for
Neck Pain37 and for Low Back Pain48 have organized recom-
mendations in relation to the International Classification of
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Functioning, Disability, and Health (ICF) categories. These
classifications are available in ONLINE Box 15.1 on the 
FA Davis website associated with this text, 

The material in the remainder of this section is organized
to integrate impairment-based diagnostic categories with the
medical model of spinal pathologies in order to help the ther-
apist choose an intervention strategy that best enhances the
patient’s recovery. Specific medical diagnoses with unique re-
gional features and interventions are described in the last sec-
tion of this chapter. A table that summarizes the interventions
for the spinal and related pathologies described in this chapter
is available on the FA Davis website associated with this text
(ONLINE Table 15.1)

The decisions concerning the approach to treatment are de-
termined by the patient’s responses to the examination maneu-
vers and the maneuvers that provide the greatest relief of
symptoms. Adjustments in the intervention occur as the patient
progresses through the healing process. The categories described
in this and the following sections are summarized in Box 15.4.

 FOCUS ON EVIDENCE
In two separate, but similar systematic reviews, using direc-
tional preference for treatment (the direction of movement that
decreased symptoms at the initial evaluation) was shown to be
an effective approach when centralization occurred154 or when
compared with other treatment options.224 This approach 
was further substantiated in a study by Donelson et al55 that

included 71 patients with acute to chronic LBP with and with-
out leg radicular pain. Each person was treated for 2 weeks ac-
cording to their directional preference. At the follow-up, 91%
to 100% of participants reported significant improvement or
complete resolve in their pain location, pain duration, or 
neurological status. 

Based on strong evidence for patients with acute LBP and
related lower extremity pain, the CPGs for Low Back Pain
recommend utilizing repeated movements, exercises, or pro-
cedures that promote centralization of symptoms.48

General Guidelines for Managing
Acute Spinal Impairments: Maximum
Protection Phase
Use of modalities, myofascial release, and massage to decrease
pain and swelling from acute symptoms is appropriate during
this stage. It is also important that the patient becomes an ac-
tive participant in his or her program. Kinesthetic training of
neutral or functional spinal posture, nondestructive move-
ments in the pain-free range, awareness and activation of deep
segmental musculature, and basic functional training maneu-
vers are taught if they do not exacerbate the symptoms. Spe-
cific interventions for various impairments, specific biases, or
syndromes and common pathologies in the spinal region are
described in the remaining sections of this chapter. Specific
techniques for kinesthetic training, deep segmental muscle 
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BOX 15.4 Impairment-Based Diagnostic Categories That Direct Intervention49,73,158,204

General: Stage of Recovery
■ Acute with inflammation (0–4 weeks).
■ Acute without inflammation (0–4 weeks): intermittent

symptoms with acute nerve root symptoms.
■ Subacute (4–12 weeks).
■ Chronic (>12 weeks).
■ Chronic pain syndrome (>6 months).

Nonweight-Bearing Bias: Traction Approach
■ Patient does not tolerate being upright for basic ADLs 

and IADLs.
■ Movement testing makes symptoms worse.
■ Traction (or other nonweight-bearing procedures) relieves

symptoms.

Extension Bias: Extension Approach
■ Patient usually presents with flexed posture—a lateral shift

may also be present.
■ Extension tests decrease or centralize symptoms.
■ Diagnosis may include intervertebral disc lesions, impaired

flexed posture, fluid stasis.

Flexion Bias: Flexion Approach
■ Patient usually presents with flexed posture and is more

comfortable when flexed.
■ Extension tests exacerbate or peripheralize symptoms.

■ Diagnoses may include spondylosis, stenosis, extension load
injuries, swollen facet joints.

Hypermobility/Functional Instability: Stabilization/
Immobilization Approach
■ Patients present with hypermobile spinal segment(s); poor

spinal stability (segmental or global).
■ Diagnoses may include trauma, ligamentous laxity,

spondylolysis, or spondylolisthesis.

Hypomobility: Mobilization/Manipulation Approach
■ Restricted mobility in one or more spinal segments.

Muscle and Soft Tissue Lesions: Exercise Approach
■ Patient usually presents with guarded posture or increased

muscle tension.
■ Diagnoses may include strains, tears, contusions, or overuse.

Postural Pain Syndrome: Exercise and Conditioning
Approach
■ Patient presents with faulty posture; symptoms increase with

sustained position.
■ Diagnoses may include postural strain, cervico-genic

headache, thoracic outlet syndrome, poor physical condition
■ Movement, posture correction, and exercise decrease

symptoms
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activation, stabilization training, joint manipulation, and func-
tional training activities for the acute stage in the cervical and
lumbar spinal regions are described in Chapter 16. Manage-
ment guidelines for treating the patient with acute symptoms
are summarized in Box 15.5. The following points are funda-
mental to all interventions.

Patient Education
It is important to engage patients in all aspects of interven-
tion, including information about anticipated progress and
outcome, the healing time of inflamed tissues or reduction of
symptoms due to nerve root pressure (if indicated), and pre-
cautions and contraindications.

 FOCUS ON EVIDENCE
Based on moderate evidence, the CPGs for Low Back Pain rec-
ommend providing education and counselling that includes
promoting the importance of remaining active (including 
resumption of normal and vocational activities), self-care 
options, and avoiding bed rest during the acute phase, as well
as an explanation of the natural history of back pain, the in-
herent strength of the spine, and use of pain coping strategies.48

Symptom Relief or Comfort
If a patient is experiencing acute inflammation from a trau-
matic injury, there is constant pain; yet, often an optimal po-
sition of comfort or symptom reduction can be determined
in which there is the least amount of stress on the inflamed,
irritated, or swollen region. The terms functional position or
functional range are used to describe this position.167 (Neutral
position is midrange.) The functional range may change for
the individual as the tissues heal and the person gains mobil-
ity and strength in the region. Some pathological conditions
typically tend to cause symptoms in one portion of the range
and are relieved in another range.167 The following terms, de-
scribing subcategories of diagnoses or syndromes, have been
popularized based on the work of Morgan,167 Saal and asso-
ciates,209,211 Delitto and colleagues,49 and Fritz and George.73

CLINICAL TIP
For patients with acute or chronic LBP with or without leg
radicular pain, utilizing exercises that emphasize directional
preference (flexion, extension, or side glide rotation) results
in greater improvement in outcome than using nondirec-
tional or general exercises.14,55,224
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BOX 15.5 MANAGEMENT GUIDELINES—
Acute Spinal Impairments/Protection Phase

Impairments, Activity Limitations, and Participation Restrictions 
Pain and/or neurological symptoms

Inflammation

Guarded posture (prefers flexion, extension, or nonweight bearing)

Limited ability to perform ADLs and IADLs

Plan of Care Intervention

1. Educate the patient.

2. Decrease acute symptoms.

3. Teach awareness of neck and 
pelvic position and movement.

4. Demonstrate safe postures.

5. Initiate neuromuscular 
activation and control of 
stabilizing muscles.

6. Teach safe performance of 
basic ADLs; progress to IADLs.

1. Engage patient in all activities to learn self-management. Inform patient of
anticipated progress and precautions.

2. Modalities, massage, traction, or mobilization/manipulation as needed. Rest
only for first couple days if needed.

3. Kinesthetic training: cervical and scapular motions, pelvic tilts, neutral spine.

4. Practice positions and movement and experience effect on spine. Help patient
find the functional spinal position of comfort in supine, sitting, standing.

5. Deep segmental muscle activation techniques:
■ Lumbar spine: drawing-in maneuver, multifidus contraction.
■ Cervical spine: gentle head nods

   Basic stabilization: with arm and leg motions (passive support if needed,
progress to active control).

6. Roll, sit, stand, and walk with safe postures. Progress tolerance to sitting longer
than 30 minutes, standing longer than 15 minutes, and walking > 1 mile.
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Cervical Region: Deep Segmental Muscle Activation
For the patient with cervical pain, gentle head nods and slight
flattening of the cervical lordosis in the supine position are
used for activation of the longus colli and multifidus.

Basic Stabilization
Once the patient learns to activate the segmental muscles,
simple upper and lower extremity motions with the spine sta-
bilized are added to the intervention to initiate training of the
global stabilizers. Passive prepositioning is used if the patient
is unable actively to maintain his or her functional position,
as described in Box 15.6. For both cervical and lumbar prob-
lems, the patient is instructed first to do the drawing-in ma-
neuver followed by gentle arm motions within a range that
does not exacerbate symptoms. Leg motions require greater
lumbopelvic control and are introduced if the patient is able
to demonstrate pelvic control and the symptoms are not ex-
acerbated with the movements. Suggestions for determining
the exercise progressions are detailed in the Stabilization 
section of Chapter 16.

Basic Functional Movements
The patient is taught to perform simple movements for ADLs
while protecting the spine in the functional position. These
movements include rolling from prone to supine and reverse,
lying to sitting and reverse, sitting to standing and reverse,
and walking. Descriptions of these maneuvers are in the
Functional Activities section of Chapter 16.

PRECAUTIONS: Review any special precautions for the condi-
tion with the patient. Condition-specific precautions are described
in the remaining sections of this chapter.
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Extension bias-extension syndrome. The patient’s symp-
toms are lessened in positions of extension (lordosis). Sustained
flexed postures or repetitive flexion motions load the anterior
disc region, causing fluid redistribution from the compressed
areas and swelling and creep in the distended areas. This is fre-
quently the mechanism of symptom production with posterior
or posterolateral IV disc lesions or injury to the posterior lon-
gitudinal ligament. Whether the pathology is an injured disc or
stressed and swollen tissues, repeated extension motions and
positions relieve the symptoms by moving the fluid to reverse
the stasis (these techniques are described in the Extension Bias
section of this chapter). Some patients present with a lateral
shift, which usually requires correction before extension relieves
the symptoms.158-160

Flexion bias-flexion syndrome. The patient’s symptoms are
lessened in positions of spinal flexion and provoked in exten-
sion. This is often the case when there is compromise of the
facets, IV foramen, or spinal canal, as in bony spinal stenosis,
spondylosis, and spondylolisthesis (these techniques are 
described in the Flexion Bias section of this chapter).

Nonweight-bearing bias-traction syndrome. The patient’s
symptoms are lessened when in nonweight-bearing positions,
such as when lying down or in traction. Symptoms also lessen
when spinal pressure is reduced by leaning on the upper ex-
tremities (using arm rests to unweight the trunk), by leaning
the trunk against a support, or when in a pool. The condition
is considered gravity sensitive because the symptoms worsen
during standing, walking, running, coughing, or similar ac-
tivities that increase spinal pressure. Often, traction and
aquatic therapy are the only interventions that minimize
symptoms during the acute phase.

Kinesthetic Awareness of Safe Postures 
and Effects of Movement
The patient is taught how to identify and assume the spinal
position that is most comfortable and reduces the symp-
toms, using pelvic tilts for lumbar positioning and head
nods and chin tucks for cervical spine positioning, and is
taught how to use passive positioning to help maintain the
functional position during the acute state (Box 15.6). If nec-
essary (usually only in severe cases for a limited time or fol-
lowing surgery), a corset or cervical collar may be used to
provide support. 

Muscle Performance: Deep Segmental Muscle
Activation and Basic Stabilization
Whether the patient has a cervical or lumbar problem, as
soon as tolerated, the patient is taught how to activate the
deep segmental muscles.

Lumbar Region: Deep Segmental Muscle Activation
For the lumbar region, the “drawing-in” maneuver is used to
activate the TrA and a gentle bulging contraction of the mul-
tifidus muscle. Facilitation techniques, which are described in
detail in the Segmental Activation section of Chapter 16, may
be necessary.

BOX 15.6 Examples of Passive Positioning 
of the Spine

■ Supine: Hook-lying flexes the lumbar spine; extended legs
extends the lumbar spine. A pillow under the head flexes
the neck; a small roll under the neck stabilizes a mild
lordosis with the head neutral.

■ Prone: Use of a pillow under the abdomen flexes the
lumbar spine; no pillow extends the spine. To maintain the
cervical spine in neutral alignment without rotation, a split
table or a small towel roll placed under the forehead
provides space for the nose, so the patient does not turn
the head.

■ Sitting: Usually causes spinal flexion, especially if the hips
and knees are flexed. To emphasize flexion, the feet are
propped up on a small footstool; to emphasize extension, a
lumbar pillow or towel roll is placed in the low-back region.
To unweight the spine, the arms are placed on an armrest,
or a reclining chair is used.

■ Standing: Usually causes spinal extension; to emphasize
flexion, one foot is placed on a small stool.
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General Guidelines for Managing
Subacute Spinal Impairments:
Controlled Motion Phase
When the signs and symptoms of the inflammatory process
are under control and pain is no longer constant, the patient
is progressed through a program of safe muscle endurance
and strengthening exercises to prepare the tissue for func-
tional activities and rehabilitation training. Functional activ-
ities that can be performed safely are resumed. Pain may still
interfere with some daily activities, but it should no longer be
constant. Poor neuromuscular control and stabilization, poor
postural awareness and body mechanics, decreased flexibility
and strength, and generalized deconditioning may be the un-
derlying impairments at this stage. Intervention during this

stage is critical, because either the patient feels good and tends
to overdo activities and reinjures the tissues or the patient is
fearful and does not adequately resume safe movements, lead-
ing to further participations restrictions. Either extreme may
slow down the recovery process.

Management guidelines for cervical and lumbar problems
that require controlled motion interventions are summarized
in Box 15.7. The specific techniques and progressions of inter-
vention outlined here are described in detail in Chapter 16.

Pain Modulation
At this stage, use of modalities to modulate pain is not rec-
ommended. Emphasis is placed on increasing patient aware-
ness of posture, strength, mobility, and spinal control and
their relationship to modulating pain.
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BOX 15.7 MANAGEMENT GUIDELINES—
Subacute Spinal Problems/Controlled Motion Phase

Impairments, Activity Limitations, and Participation Restrictions 
Pain: only when excessive stress is placed on vulnerable tissues

Impaired posture/postural awareness

Impaired mobility

Impaired muscle performance: poor neuromuscular control of stabilizing muscles; decreased muscle endurance and strength

General deconditioning

Limited ability to perform IADLs for extended periods of time

Poor body mechanics

Plan of Care Intervention

1. Educate the patient in self-management 
and how to decrease episodes of pain.

2. Progress awareness and control of 
spinal alignment.

3. Increase mobility in restricted 
muscles/joint/fascia/nerve.

4. Teach techniques to develop 
neuromuscular control, strength, 
and endurance.

5. Develop cardiopulmonary endurance.

6. Teach techniques of stress 
relief/relaxation.

7. Teach safe body mechanics 
and functional adaptations.

1. Engage patient in all activities emphasizing safe movement and
postures.

   Home exercise program.
   Ergonomic adaptation of work or home environment.

2. Practice active spinal control in pain-free positions and with all
exercises and activities. Practice posture correction.

3. Joint mobilization/manipulation, neuromobilization, muscle
inhibition, self-stretching.

4. Progress stabilization exercises; increase repetitions (emphasize
muscle endurance).

   Initiate extremity-strengthening exercises in conjunction with
spinal stabilization.

5. Low to moderate intensity aerobic exercises; emphasize spinal bias.

6. Relaxation exercises and postural stress relief.

7. Practice stable spine lifting, pushing/pulling, and reaching practice
activities specific to desired outcome emphasizing spinal control,
endurance, and timing.
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Kinesthetic Training
Kinesthetic training is progressed by using reinforcement
techniques. Feed-forward control of the deep segmental mus-
culature, active control of the spinal position, and correct pos-
ture are reinforced in a variety of ways until activation and
control become habitual. Kinesthetic training overlaps the
stabilization exercises.

Stretching/Manipulation
Decreased flexibility in joints, muscles, and fascia may restrict
the patient’s ability to assume normal spinal alignment. Man-
ual techniques and safe self-stretching techniques are used to
increase muscle, joint, and connective tissue mobility.

Muscle Performance
Exercises are progressed with increased challenges for control,
muscular endurance, and strength in the spinal stabilizing
muscles; these exercises include activities that increase control
and strength in the extremity musculature in conjunction
with spinal stabilization. 

CLINICAL TIP
If a patient continues to display a flexion or extension bias,
adapt exercises to emphasize that particular bias and prevent
stresses in the symptom-producing direction.

■  Stabilization exercises are used to emphasize movement
and resistance to the extremities while maintaining control
of the spinal position. Increasing the time and number 
of repetitions builds muscle endurance at each level of 
performance. 

■  Wall slides, partial squats, partial lunges, pushing, and
pulling against resistance are used to strengthen the extrem-
ities to prepare for lifting, reaching, pushing, and pulling
activities.

■  When the patient learns effective spinal control with the
stabilizing muscles in a variety of stabilization exercise rou-
tines, dynamic trunk and neck strengthening exercises,
such as curl-ups, back extension, and cervical motions, 
are introduced. Care is taken to monitor symptoms and
modify any activities that exacerbate the problem.

Cardiopulmonary Conditioning
Aerobic capacity is usually compromised after injury. It is im-
portant to guide the patient in the initiation of or safe return
to an aerobic conditioning program. Help the patient identify
activities that do not exacerbate spinal symptoms and set
goals and progressions to achieve desired outcome.

Postural Stress Management and Relaxation
Exercises
It is common that a patient’s symptoms are exacerbated with
sustained postural stresses such as sitting at a computer,

talking on the phone (head tilted), utilizing a digital mobile
device, or repetitive forward bending (shoe salesman);
therefore, analysis of work, home, or recreational postures
and activities is a necessary component of the patient’s 
program. The patient is then advised about methods to cor-
rect the sustained or repetitive postural stresses. In addition,
frequent changes of position and movement through the
pain-free ROMs should be encouraged. It may be necessary
to teach the patient how to consciously relax tension in mus-
cles to relieve stress. Relaxation exercises are described in
Chapter 14.

Functional Activities
Once the patient has learned spinal control and stabilization
and has developed adequate flexibility and strength for spe-
cific tasks, components of the task are incorporated into the
exercise program and then into the patient’s daily lifestyle.
Safe body mechanics are included in all aspects of care.

General Guidelines for Managing
Chronic Spinal Impairments: 
Return to Function Phase
Patients who have been treated through the acute and suba-
cute phases of healing with appropriately graded exercises
should have minimal structural or functional impairments
that prevent or restrict daily activities. Individuals who must
do heavy material handling (e.g., a manual laborer, firefighter,
or caregiver of patients or of small children) or who partici-
pate in high-demand sports activities may require additional
rehabilitative training to return safely to these high-demand
activities and to avoid further injury. Impairments in strength,
endurance, neuromuscular control, and skill are related to the
functional goals of the individual. At this stage, conditioning
and spinal control during high-intensity and repetitive activi-
ties are emphasized. Any underlying impairments that interfere
with the desired outcomes must be remediated. Management
guidelines for return to function are summarized in Box 15.8.
Suggestions for progressing exercise intervention techniques
from the subacute through chronic stages are described in
Chapter 16.

Management Guidelines:
Nonweight-Bearing Bias

During examination, some patients do not respond to exten-
sion, flexion, or even midrange spinal positions or motions
due to the acuity of or mechanical stimuli from their condi-
tion. The person is often more comfortable lying down and
may have partial or full relief with a traction test maneuver
to the painful region of the spine.

For these patients, use of traction procedures or unweight-
ing the body in a pool may be the interventions of choice until
the symptoms stabilize.
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Management of Acute Symptoms
Traction
■  Various references have reported the benefits of traction in

patients meeting this criteria,27,40,74,193,217 Traction has the
mechanical benefit of temporarily separating the vertebrae,
causing mechanical sliding of the facet joints in the spine,
and increasing the size of the IV foramina. If done inter-
mittently, this motion may help reduce circulatory conges-
tion and relieve pressure on the dura, blood vessels, and
nerve roots in the IV foramina. Improving circulation also
may help decrease the concentration of noxious chemical
irritants due to swelling and inflammation.

■  There may be a neurophysiological response via stimula-
tion of the mechanoreceptors that may modulate the trans-
mission of nociceptive stimuli at the spinal cord or brain
stem level.

Pool
If a person is not fearful of being in a pool, supporting the indi-
vidual with a buoyant life belt in deep water reduces the effects
of gravity on the lumbar spine. If symptoms are reduced, it may
be possible to begin and progress gentle stabilization exercises

in this buoyant environment to meet some of the goals during
the acute and subacute phases. Exercises can also be progressed
by using the properties of water for resistance and stretching
(see description of aquatic exercises in Chapter 9).

Progression
As healing occurs, the patient should begin to tolerate weight
bearing. After re-examination and assessment, identify the
impairments and activity and participation restrictions. If a
bias toward flexion or extension is determined, or if there are
areas of hypermobility or hypomobility, plan the interven-
tions accordingly.

Management Guidelines:
Extension Bias

Patients with an extension bias often assume a flexed posture
or a flexed posture with lateral deviation of the trunk or neck,
but during the examination, sustained or repetitive extension
maneuvers reduce or relieve their symptoms. These patients
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BOX 15.8 MANAGEMENT GUIDELINES—
Chronic Spinal Problems/Return to Function Phase

Impairments, Activity Limitations, and Participation Restrictions
Pain: only when excessive stress is placed on vulnerable tissues in repetitive or sustained nature for prolonged periods

Poor neuromuscular control and endurance in high-intensity or destabilized situations

Flexibility and strength imbalances

Generalized deconditioning

Limited ability to perform high-intensity physical demands for extended periods of time

Plan of Care Intervention

1. Emphasize spinal control in high-intensity 
and repetitive activities.

2. Increase mobility in restricted muscles/
joints/fascia/nerve.

3. Improve muscle performance; dynamic trunk and 
extremity strength, coordination, and endurance.

4. Increase cardiopulmonary endurance.

5. Emphasize habitual use of techniques of stress 
relief/relaxation and posture correction.

6. Teach safe progression to high-level/
high-intensity activities.

7. Teach healthy exercise habits for 
self-maintenance.

1. Practice active spinal control in various transitional
activities that challenge balance.

2. Joint mobilization/manipulation, neuromobilization, muscle
inhibition, self-stretching.

3. Progress dynamic trunk and extremity resistance exercises
emphasizing functional goals.

4. Progress intensity of aerobic exercises.

5. Motions and postures to relieve stress.

6. Apply any ergonomic changes to work/home environment.

7. Progressive practice using activity-specific training consistent
with desired functional outcome, emphasizing spinal control,
endurance, balance, agility, timing, and speed.
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would benefit from early interventions that emphasize 
extension of the involved segments. The impairments may
be due to a contained IV disc lesion, fluid stasis, a flexion
injury, or muscle imbalances from a faulty flexed posture.
McKenzie158-160 developed a method of categorizing these
patients based on the extent of their pain and/or neurolog-
ical symptoms. He also described the phenomena of periph-
eralization and centralization that accompany an expanding
and receding lesion, frequently attributed to IV disc lesions
(see Fig. 15.2).

Many of the techniques that were originally described by
McKenzie158-160 to manage a patient with an acute disc lesion
have been found to be beneficial in the management of 
patients who have a cluster of signs and symptoms that cate-
gorize them into the extension bias (extension syndrome) 
category.71,73,145,211

Principles of Management
Because patients with signs and symptoms of a bulging 
IV disc often fit into the “extension bias” category, a brief 
discussion of the response of the IV disc is presented here.

Effects of Postural Changes 
on IV Disc Pressure
Relative changes in posture and activities affect intradiscal
pressure. When compared to the level of pressure when stand-
ing, intradiscal pressure is least when lying supine, increases
by almost 50% while sitting with hips and knees flexed, and
almost doubles if leaning forward while sitting.217 Sitting with
a back rest inclination of 120° and lumbar support 5 cm in
depth provides the lowest load to the disc while sitting.11

Therefore, sitting with the hips and knees flexed or leaning
forward should be avoided when there is an acute disc lesion.
If sitting is necessary, there should be support for the lumbar
spine by reclining the trunk 120°.

Effects of Bed Rest on the IV Disc
When a person is lying down, compression forces to the disc
are reduced, and with time, the nucleus potentially can absorb
more water to equalize pressures (imbibition). When lying
down with the spine in flexion, the imbibed fluid accumulates
posteriorly in the disc where there is greater space. Then,
upon rising, body weight compresses the disc with the in-
creased fluid, and intradiscal pressure greatly increases. The
pain or symptoms from a disc protrusion are accentuated. To
avoid exacerbating symptoms, absolute bed rest during the
acute phase should be avoided.48 Bed rest during the first 
2 days (when symptoms are highly irritable) may be needed to
promote early healing, but it should be interspersed with short
intervals of standing, walking, and appropriately controlled
movement.242

Effects of Traction on the IV Disc
Traction may relieve symptoms from a disc protrusion, al-
though there is conflicting evidence as to whether traction

in general is beneficial.40,48 It is proposed that separating the
vertebral bodies may have the effect of placing tension on
the annular fibers and posterior longitudinal ligament, thus
having a flattening effect on the bulge; or it may decrease
the intradiscal pressure.217 If traction relieves symptoms, the
time of application must be short because with the reduced
pressure fluid imbibition may occur to equalize the pressure.
Then, when the traction is released, the pressure increases
and symptoms are exacerbated.

Effects of Flexion and Extension on the IV Disc
and Fluid Stasis
Rest in a slightly forward-bent position often lessens pain be-
cause of the space potential for the nucleus pulposus of the
IV disc. The patient may also deviate laterally to minimize
pressure against a nerve root. Movement into extension ini-
tially causes increased symptoms. With acute disc lesions in
which there is protective lateral shifting and lumbar flexion,
techniques that cause lateral shifting of the spine opposite to
the deviation followed by passive spinal extension (sustained
or repetitive) to compress the protrusion mechanically have
been found to relieve the clinical signs and symptoms in many
patients.133,159

Patients experiencing pain due to fluid stasis after being in
a sustained flexed posture also experience relief with move-
ment into extension.

 FOCUS ON EVIDENCE
In a study of 20 subjects with LBP who were candidates for
extension-based treatment, those who experienced an imme-
diate decrease in pain intensity (N = 10) of at least 2/10 after
treatment (posterior to anterior mobilization followed by
prone press-ups) demonstrated a mean increase in diffusion
coefficient of 4.2% of the nuclear region of the L5-S1 IV disc
measured by MRI. Those who did not experience pain reduc-
tion (N = 10) did not have a change in diffusion (mean de-
crease of 1.6%; P < .005).18

Effects of Isometric and Dynamic Exercise
Isometric activities (resisted pelvic tilt exercises, straining,
Valsalva maneuver) and active back flexion or extension 
exercises increase intradiscal pressures above normal. They
therefore must be avoided during the acute stage of a disc
lesion. Strong muscle contractions also exacerbate symp-
toms if a muscle has been injured. Therefore, active and 
resistive extension exercises are avoided during the acute
stage.

Effects of Muscle Guarding
Reflex muscle guarding or splinting often accompanies an
acute disc lesion and adds to the compressive forces on the
disc. Modalities and gentle oscillatory traction to the spine
may help decrease the splinting.
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Indications, Precautions, and
Contraindications for Interventions:
Extension Approach
Indications. Extension is used if pain and/or neurological
symptoms centralize (decrease or move more proximally)
during repeated extension testing maneuvers and peripher-
alize (worsen) during flexion.158 Extension is also indicated
for flexed postural dysfunctions with limited range into ex-
tension. If no test movements decrease the symptoms, this
mechanical approach to treatment should not be used. This
was illustrated in a randomized control trial by Hosseinifar
et al,114 where patients with nonspecific LBP were placed into
either a McKenzie (extension) or stabilization exercise group.
After 18 visits, the stabilization group reported a significant
decrease in their pain and functional outcomes compared
with the McKenzie group.

PRECAUTION: A patient with acute pain in the spinal region
that is not influenced by changing the patient’s position or by
movement must be screened by a physician for signs of serious
pathology.

CONTRAINDICATIONS: When there is an acute disc lesion,
any form of exercise or activity that increases intradiscal pres-
sure, such as the Valsalva maneuver, active trunk flexion, or
trunk rotation, is contraindicated during the protection phase
of treatment. Any movement that peripheralizes the symptoms
signals a movement that is contraindicated during the acute
and early subacute period of treatment. Peripheralization with
extension motions may indicate stenosis, a large lateral disc
protrusion, or pathology in a posterior element.210 Contraindi-
cations to specific movements are summarized in Box 15.9.

Interventions Using an Extension
Approach in the Lumbar Spine
Management of Acute Symptoms
If symptoms are severe, bed rest is indicated with short peri-
ods of walking at regular intervals. Walking usually promotes
lumbar extension and stimulates fluid mechanics to help re-
duce swelling in the disc or connective tissues. If the patient
cannot stand upright, he or she should use crutches or a
walker to help relieve the increased pressure of the forward-
bent posture.

If repeated flexion test movements increase the symptoms
and if repeated extension test movements decrease or central-
ize the symptoms, all flexion activities should be avoided dur-
ing the early phases of intervention. Treatment begins with
the following maneuvers.

Extension
Patient position and procedure: Prone. If the flexion posture
is severe, place pillows under the abdomen for support. Grad-
ually increase the amount of extension by removing the pillows,
and then progress by having the patient prop himself or herself
up on the elbows, allowing the pelvis to sag (Fig. 15.4 A). When

propping, pillows placed under the thorax help take strain off
the shoulders. Wait 5 to 10 minutes between each increment of
extension to allow reduction of the water content and the size
of the bulge. There should be an accompanying centralization
of or decrease in symptoms. Progress to having the patient prop
himself or herself up on the hands, allowing the pelvis to sag
(Fig. 15.4 B).

If the sustained position of prone propping is not well tol-
erated, have the patient perform passive lumbar extension in-
termittently by repeating the prone press-ups, at least 10 times,
attempting to go into greater extension with each repetition.
If possible, have the patient maintain the end position (as in
Fig. 15.4 B) after the 10th repetition as long as tolerated.

PRECAUTION: Carefully monitor the patient’s symptoms.
They should lessen peripherally (i.e., decreased foot and leg
symptoms or decreased thigh and buttock symptoms) but may
increase (centralize) in the low back. If the symptoms progress
down the lower extremity (peripheralize), immediately stop the
exercises and reassess.159

Alternate positions and procedure: if the patient does
not tolerate the prone position, alternate positions may be
effective:
■  Sitting with a lumbar roll (or towel roll) placed behind the

low back. Include repetitive extension motions while sit-
ting, either with pelvic rocking or by extending the thorax
over the stable pelvis.

■  Standing and performing repetitive back extensions 
(Fig. 15.5).

■  Standing with hands placed on a counter or table and then
sagging the pelvis forward to create lumbar extension. This
can be a sustained posture or performed repetitively

Lateral Shift Correction
If the patient has lateral shifting of the spine (Fig. 15.6), ex-
tension alone cannot reduce a nuclear protrusion of the disc
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BOX 15.9 Contraindications to Specific Spinal
Movements

Extension of the spine is contraindicated:100

■ When no position or movement decreases or centralizes
the described pain

■ When saddle anesthesia and/or bladder weakness is
present (could indicate spinal cord or cauda equina lesion)

■ When a patient is in such extreme pain that he or she
rigidly holds the body immobile with any attempted
correction

Flexion of the spine should be avoided:

■ When extension relieves the symptoms
■ When flexion movements increase the pain or peripheralize

the symptoms
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until the shift is corrected. Once the shift is corrected, the 
patient must extend (as described above) to maintain the 
correction. 

Patient position and procedure: Standing with flexed elbow
against the side of the deviated rib cage. Stand on the side to
which the thorax is shifted and place your shoulder against the
patient’s elbow. Then wrap your arms around the patient’s
pelvis on the opposite side and simultaneously pull the pelvis
toward you while pushing the patient’s thorax away (Fig. 15.7).

This is a gradual maneuver. Continue with the lateral shifting
if centralization of the symptoms occurs. If there is overcor-
rection, the pain and lateral shift may move to the contralateral
side, which is corrected by shifting the thorax back. The pur-
pose is to centralize the pain and correct the lateral shift. Once
the shift is corrected, immediately have the patient backward-
bend (see Fig. 15. 5). Again, allow time. Progress to passive 
extension with prone propping and prone press-ups as previ-
ously described.
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B

FIGURE 15.4 Lumbar extension is accomplished (A) by having the
patient prop up on the elbows and (B) by propping on hands and 
allowing the pelvis to sag.

FIGURE 15.5 Standing back extension. 

FIGURE 15.6 Patient with lateral shift of the thoracic cage toward
the right. The pelvis is shifted toward the left. 

FIGURE 15.7 A lateral gliding technique used to correct a lateral
shift of the thorax is applied against the patient’s elbow and thoracic
cage as the pelvis is pulled in the opposite direction. 
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Alternate patient positions and procedures:

■  Side-lying on the side to which the thorax is shifted. Place
a small pillow or towel roll under the thorax. The patient
remains in this position until the pain centralizes; he or she
then rolls prone and begins passive extension with prone
propping and prone press-ups.

■  Prone-lying. Attempt to side-glide the thorax and pelvis 
toward the midline with manual pressure. The forces are
in equal and opposite directions. Once the symptoms cen-
tralize, instruct the patient to begin passive extension with
prone propping and prone press-ups.

Teach self-correction of the lateral shift. The patient places
the hand on the side of the shifted rib cage on the lateral as-
pect of the rib cage and places the other hand over the crest
of the opposite ilium and then gradually pushes these regions
toward the midline and holds (Fig. 15.8).

Patient Education
■  Help the patient recognize what positions and motions in-

crease or decrease the pain or other symptoms by perform-
ing them under supervision. Teach safe movement patterns
to protect the back as described in the guidelines for treat-
ing acute spinal problems (see Box 15.5).

■  Instruct the patient to repeat the extension activities fre-
quently, such as 10 times every hour with lateral shift cor-
rection if necessary, during the first couple of days. The more
severe the symptoms, the more frequently the extension ex-
ercises should be completed. In addition, they should be per-
formed immediately upon waking up and after periods of
prolonged sitting and/or bending.

■  Caution the patient to stop the activity immediately if the
pain worsens or peripheralizes during exercises.

■  Instruct the patient to maintain an extended posture with
passive support while the lesion is healing. For example,

have the patient use a towel roll or lumbar pillow while sit-
ting. This is especially important when riding in a car or
sitting in a soft chair. When going to bed, have the patient
pin a towel, folded lengthwise four times, around the waist.

Instruct the patient to use extreme caution if needing to
perform flexion activities, such as lifting, or during any other
functions that increase intradiscal pressure such as straining. 

CLINICAL TIP
If your patient must do an activity that requires flexion or
straining, instruct them to first preset the spine in extension
by extending the spine, and then after completing the activity
to do repeated extensions. 

Lumbar Traction
Traction may be tolerated by the patient during the acute
stage and has the benefit of widening the disc space and pos-
sibly reducing the nuclear protrusion by decreasing the pres-
sure on the disc or by placing tension on the posterior
longitudinal ligament.217

■  Time of the traction should be short; osmotic forces soon
equalize. However, upon release of the traction force, there
could be an increase in disc pressure, leading to increased
pain. Use less than 15 minutes of intermittent traction or
less than 10 minutes of sustained traction.

■  High poundage; more than half the patient’s body weight
is necessary for separating the lumbar vertebrae.

■  If there is complete relief initially, often there is an exacer-
bation of symptoms later.

■  If the symptoms are relieved with mechanical traction, in-
struct a family member or caregiver in the application of a
unilateral leg pull of the involved extremity for home treat-
ment. This manual traction technique is applied intermit-
tently for 10 to 15 seconds with enough force to decrease
symptoms and may be performed throughout the day.

Joint Manipulation
Grades I through IV joint mobilization/manipulation may be
utilized preceding the prone press ups, but high-velocity
thrust (HVT) should not be performed as this may promote
inflammation at the segment. HVTs also require a rotation
component, and this may place further stress on the disc.

Kinesthetic Training, Stabilization, and Basic
Functional Activities
Once the patient learns to control the symptoms, the follow-
ing should be emphasized.

■  Teach simple spinal movements in pain-free ranges using
gentle pelvic tilts. The patient is taught to be aware of how
far forward and backward he or she can rock the pelvis
and move the spine without increasing the symptoms. 
The pelvic rocking is done in supine, sitting, hand-knee
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FIGURE 15.8 Self-correction of a lateral shift.
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all-fours (quadruped), prone-lying, side-lying, and stand-
ing positions. It is important to stay within the patient’s
ability to control the symptoms. 

■  Instruct the patient to finish all exercise routines with the
pelvis tilted anteriorly and the spine in extension.

■  Teach the patient basic stabilization techniques utilizing the
deep trunk muscles while maintaining control of the ex-
tended spinal position and performing simple extremity
motions. It is important to caution against holding the
breath and causing the Valsalva maneuver, which would 
excessively increase the intradiscal pressure.

■  Encourage activities, such as walking or swimming, within
the tolerance of the individual.

■  Initiate passive, straight-leg raising with intermittent dorsi-
flexion and plantarflexion to maintain mobility in the nerve
roots of the lumbar spine.

Management When Acute Symptoms Have
Stabilized

Signs of Improvement
Improvement is noted with loss of spinal deformity, increased
motion in the back, and negative dural mobility signs. Loss of
back pain with an increase in true neurological signs is an in-
dication of worsening. The patient is tested to determine that
the symptoms have stabilized; this is accomplished by perform-
ing repeated flexion and extension tests with the patient stand-
ing and then lying supine and prone as done initially. The tests
may be positive for structural impairments (restricted motion,
weakness, and tension), but should not cause peripheralization
of the symptoms, as when the condition was acute.159

Intervention
The emphases during this stage are recovery of function, de-
velopment of a healthy back care plan, and teaching the patient
how to prevent recurrences. The pain from adaptive shortening
decreases as normal flexibility, neural mobility, strength, and
endurance are restored.

In addition to general exercise instruction, teach the 
patient these principles:

■  Following any flexion exercises, perform extension exer-
cises, such as prone press-ups or standing back extension
(see Figs. 15.4 and 15.5).

■  If being in a prolonged flexed posture is necessary, inter-
rupt the flexion with backward bending at least once every
hour. Also, perform intermittent pelvic tilts every hour
throughout the day.

■  If symptoms of a protrusion develop and are felt, immedi-
ately perform press-ups in the prone position, anterior
pelvic tilts in the quadruped position, or backward bending
while standing to prevent progression of the symptoms.

CLINICAL TIP
It is important that the patient understands they should con-
tinue with their daily activities and that symptoms can often

be managed with lumbar extension postures and pelvic tilt
motion. Instruct them to perform repeated lumbar extension
in sitting, standing, or prone position every hour that they are
awake, in addition to lumbar ROM via pelvic tilting.

Interventions to Manage a Disc Lesion
in the Cervical Spine
Disc lesions in the cervical spine are less common than in the
lumbar spine. Herniated discs are most common between the
C6 and C7 vertebrae; this is likely due to the increased mo-
bility at this transitional section between the cervical lordosis
to the thoracic kyphosis. It may also be the result of degener-
ation, osteophytes, or poor posture. Patients may present with
peripheral neuropathy and forward-head posture without a
diagnosis of disc pathology. Symptoms increase with activities
and postures that increase flexion in the lower cervical and
upper thoracic spine and decrease with extension in that re-
gion (axial extension or neck retraction).1

Conservative management is similar to that in the lumbar
spine and follows the same principles described in the previ-
ous section. Medical management includes pharmacological
pain and inflammation control measures. Often disc extru-
sions are an indication for surgery because of potential com-
promise of the spinal canal and pressure on the spinal cord.213

These procedures are described in the next section.

Acute Phase

Passive Axial Extension (Cervical Retraction)
Patient position and procedure: Begin with the patient
supine, with no pillow under the head or neck. Gently nod
the patient’s head and allow the neck to flatten against the
treatment table. If the neck is deviated or rotated to one side,
moving the head and neck back toward the midline must be
done first. This may require gentle, progressive positioning
and may take 10 to 20 minutes to accomplish.

Progression: Progress the retraction to hyperextension of the
cervical spine and then progress to rotation. Use caution and
carefully monitor the signs and symptoms; do not progress if
symptoms peripheralize down the arm.

Patient Education
Teach the patient to retract his or her head and neck in the sit-
ting position. The patient may gently push against the chin
(caution not to push so hard as to cause joint compression of
the TMJ) to direct the motion. This technique has been shown
to improve the H-reflex amplitude and may be useful for im-
proving mobility and decreasing symptoms of radiculopathy
by decompressing nerve roots in the lower cervical spine.1

Traction
Cervical traction may relieve the patient’s symptoms. As de-
scribed for lumbar traction, during the acute phase, sustained
traction should be no longer than 10 minutes and intermittent
traction no longer than 15 minutes in duration. The dosage is
at an intensity that causes vertebral separation (at least 15 lb).
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Common Surgeries
The two most common surgical procedures in the spine are
laminectomy and fusion of one of more vertebrae.152

Laminectomy. A laminectomy is the removal of the lamina.
A partial or hemi-laminectomy is a removal of only part of the
lamina; a complete laminectomy is the excision of the entire
lamina, the spinous process, and the ligamentum flavum that
attached to the lamina. The primary disadvantage to a complete
laminectomy is that the surgical segment loses its anatomical
stabilization.34,36,100 A laminectomy is typically indicated over
a fusion in patients with a small unilateral disc protrusion. The
benefits of a laminectomy are that the patients retain segmental
mobility while experiencing symptom relief.

Fusions. Fusions are indicated when the patient presents
with axial pain combined with instability, severe arthritic 
degenerative changes, or peripheral pain that is not con-
trolled.33,36,78,94,131,151,184,194,240 The advantages of a spinal 
fusion are that it reduces or eliminates segmental motion, 
reduces mechanical stress at the degenerated disc area, and
reduces the incidence of additional herniations at the af-
fected disc site.240 However, effects of a fusion may expedite
the degenerative processes, create a hypermobility at adjacent
spinal segments, and alter overall spinal mechanics.19,62,100,106

Procedures
Anterior cervical disc fusion. Anterior cervical disc fusion
(ACDF) involves a horizontal incision at the level(s) of the cer-
vical vertebrae that are to be fused. Both the platysma and
longus coli muscles are interrupted during this procedure.
Once the disc is excised, the adjacent vertebrae are then inter-
nally fixated with a single unilateral plate and screws attaching
directly to the vertebral bodies. Although complications are
rare, they can include sore throat, hoarseness, and difficulty
swallowing.81 Medical complications involving the heart, lungs,
and other organs affect approximately 5% of surgical patients
following ACDF.152 Neurological or more serious complica-
tions, including myelopathy, radiculomyelopathy, and recurrent
laryngeal nerve palsy, have been reported as ranging from 1%
to 4% of the postsurgical population.20,33,69 Complications are
more likely in elderly patients ( ≥ 65 years old).30

Outcomes 
Pain has been reported to significantly decrease following
ACDF.78,107,131,144,168,184,247 Good to excellent outcomes have
been reported as high as 92%.100

Transforaminal lumbar interbody fusion. Transforaminal
lumbar interbody fusion (TLIF) involves a vertical incision
centrally along the posterior spine.94 The paraspinals muscles,
including the multifidi, are refracted prior to the removal of
the lamina, spinous process, and ligamentum flavum. The
vertebrae are fused together using bone from the facetetomy
and autologous bone from the iliac crest.94 Complications,
occurring in 2% to 5% of patients, include infection, epidural
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CLINICAL TIP
A family member or caregiver may be instructed in perform-
ing home traction. The provider gently cradles the patient’s
head and applies enough distraction force to decrease the
symptoms. This can be done in increments of 10 to 30 seconds
and can be performed throughout the day.

Kinesthetic Training for Posture Correction
Instruct the patient in safe mechanics for maintaining the
head position. It is important to help the patient identify the
posture that centralizes the symptoms and to adjust the collar
to maintain that position.

Progression as Symptoms Stabilize
Follow the guidelines described in Box 15.7. Faulty cervical, tho-
racic, and scapular posture may be present. Emphasize kines-
thetic training for postural awareness, stabilization exercises for
postural control with emphasis on the scapular and shoulder
muscles, environmental adaptations to reduce postural stresses,
and functional activities with safe spinal mechanics.89,139

 FOCUS ON EVIDENCE
Kjellman and Oberg130 randomly placed 77 people with neck
pain into one of the following three groups: general exercise,
McKenzie extension exercise, and a control group (ultrasound
and education). Outcome measures were pain intensity and
the Neck Disability Index. After 12 months, all groups showed
significant improvement with no significant difference be-
tween the three groups, with nearly 70% of patients reporting
they were better or completely restored. The authors did note,
though, that in the short term (during the first 3 weeks of
treatment), those in the extension exercise group had more
favorable response to treatment than the general exercise
group or the control group, and there was a tendency that
those in the extension exercise group used the health-care sys-
tem less frequently during the 6- to 12-month period. Analy-
sis showed significant improvement between the extension
exercise group and control group at 3 weeks and at 6 months
(P < 0.05).

Disc Lesions: Surgery and
Postoperative Management

Indications for Surgery
Patients with upper or lower extremity radiculopathy
caused by nerve root irritation and who have failed conser-
vative measures, including physical therapy, medications,
and steroid injections, may be appropriate surgical candi-
dates.33,34,36,78,131,151,184,194,240
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bleeding, neural injury, postsurgical instability, epidural 
fibrosis, and arachnoiditis.19,76,86,194,246 Surgical site infection
and wound complications have been cited as the most com-
mon complications after surgery.6 Hayashi et al96 reported ad-
jacent segment degeneration in 40% of people at 121 month
follow-up. Re-operation rates range from 8% to 14%.96,216

The fusion rate has been reported to range from 70% to
96%.76,143,170

Outcomes 
Significant improvement in VAS, Oswestry Disability scores, and
other functional outcomes have been reported.12,76,86,90,102,216

Berg and associates19 identified that 84% of people reported im-
provement and/or complete resolution of pain at 1 year post-
operative and 86% at 2 years. The authors also reported that
71% of people returned to work after 1 year. In a similar study,
Fujimori and colleagues76 reported a 3.4 point decrease in pain
on the visual analogue scale and a 14 point improvement in the
Oswestry Disability Index at 1.3 years postoperative.

Laminectomy. Laminectomies can be performed in either the
lumbar or cervical spine regions. Both involve a posterior ap-
proach and are performed similarly to a posterior fusion with
the exception that the vertebrae are not internally fixated to
each other. The recovery time and return to work time are usu-
ally much quicker as compared with a fusion. However, similar
rehabilitation guidelines are followed as described in the next
section. The need for re-operation following a laminectomy
has been reported to range between 14% and 33.8%,32,216 and
lifetime risk of fusion after laminectomy is 8%.32

Postoperative Management
Postoperative management is similar for all of these surgical
procedures.

Maximum Protection Phase
■  Patient education. Educate the patient on the expectations

of the surgeon, the surgical procedure, and the rehabilita-
tion involved in the process. Also, instruct the patient on
any restrictions as detailed by the surgeon. These restric-
tions typically include no heavy lifting (>10 lb) for up to 
3 months. Limitations in active motions may also be 
imposed depending on the surgeon’s preference and type
of procedure.

■  Wound management and pain control. Teach the patient
to look for signs of inflammation such as redness, swelling,
or nonclosure of the wound.

■  Bed mobility. The patient must relearn how to perform
bed mobility as they may be wearing a spinal orthosis that
prevents normal movement.

■  Bracing. To promote healing, patients who have undergone
either an ACDF or TLIF are typically placed in a Philadel-
phia collar and then a soft collar or a chairback brace, re-
spectively, for up to 3 months. The patient may be allowed
to remove the brace to shower but must immediately don
the orthosis upon getting dressed.

■  Exercises. Encourage walking and gentle ROM exercises
(assisted if necessary) that can be completed in the supine
position. Include heel slides, short-arc quads, quad and
gluteal isometrics, and ankle pumps. Patients who have un-
dergone a laminectomy are instructed to avoid excessive
spinal extension due to the weakened bony neural arch.

CONTRAINDICATIONS: Patients are to avoid a shower or
getting the incision wet until it is completely closed. This is usu-
ally 1 to 2 weeks following surgery. As described above, the 
patient is instructed to follow the surgeon’s guidelines regarding
limitations with movement and lifting.

Moderate and Minimum Protection Phases
■  Scar tissue mobilization. After the incision site is healed,

initiate scar mobilization to improve connective tissue 
mobility and decrease pain at the surgical site.

■  Progressive stretching and joint mobilization/manipulation
of restricted tissue. Gentle (grade I to II) joint techniques at
adjacent segments are indicated for pain modulation and
improved ROM.

■  Muscle performance
■ Initiate segmental and progress to global stabilization

exercises to patient tolerance.97

■ Address patient goals directed at minimizing specific ac-
tivity restrictions and impairments.

■ Begin with single plane exercises and progress complex-
ity as patient tolerates.

■  Gait training. Once the patient is allowed to ambulate, an
assistive device is usually indicated to facilitate an erect pos-
ture and unload some of the stress to the surgical area.

CONTRAINDICATIONS:
■ The patient must continue to follow the surgeon’s contraindi-

cations to promote optimal healing.
■ Joint manipulations at the level(s) of the fusion are 

contraindicated.
■ Extension exercises, including prone press-up, are contraindi-

cated in patients who have undergone a laminectomy.

 FOCUS ON EVIDENCE
Multiple research studies report improved functional status in
patients who begin rehabilitation at 12 weeks following lumbar
spine surgery (with or without fusion).157,176,177,208 Several 
authors report that beginning rehabilitation at 6 weeks has 
inferior outcomes compared to waiting until 12 weeks.176,177,208

Management Guidelines:
Flexion Bias

Patients may present with a flexed posture and be unable to
extend because of increased neurological symptoms and 
decreased mobility; these patients would benefit from early
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interventions that emphasize flexion of the involved segments
to relieve symptoms. The patients may have a medical diag-
nosis of spondylosis or spinal stenosis (central or lateral), an
extension load injury, or capsular impingement or swollen
facet joints, so symptoms increase with extension. The flexed
position reduces or relieves the symptoms.

NOTE: Cervical radiculopathy is discussed in the section on
Management of Regional Diagnoses later in this chapter. 

Principles of Management
Physical therapy interventions focus on increasing the diam-
eter of the foramen and minimizing nerve root irritation.

Effect of position. Flexion widens the IV foramina, whereas
extension decreases the size of the foramina. Any compromise
of the foraminal opening, such as encroachment from bony
spurs or lipping or swollen tissue, reduces the space. The pa-
tient may describe intermittent nerve root symptoms (inter-
mittent numbness or tingling) whenever the involved segment
extends, indicating mechanical compression. Constant nerve
root symptoms could be caused by inflammation and swollen
tissue.

Effect of traction. Traction has been demonstrated to widen
the IV foramina. Positioning the spine in flexion prior to the
application of traction provides the greatest increased
space.145,193 Positional traction, in which the patient is placed
in side bending away from the side of pain and rotation toward
the pain, may also be beneficial to increase the diameter of the
lateral foramen. 

Effect of trauma and repetitive irritation. Swelling in
the facet joints from macrotrauma or microtrauma leads
to a compromised foraminal space. With degeneration and
increased mobility in a spinal segment, instability could 
be the cause of repetitive microtrauma, leading to swelling
and pain.

Effect of meniscoid tissue. The meniscoid tissue of the joint
capsule may become impinged with sudden movements. This
blocks specific movements, such as extension and side bend-
ing to the involved side. Manipulation and traction usually
relieve the symptoms.

Indications and Contraindications 
for Intervention: Flexion Approach
Indications. Flexion is used if neurological and/or pain
symptoms are eased with flexion and worsened with exten-
sion positions or motions.

CONTRAINDICATIONS: Extension and extension with rota-
tion positions, motions, and exercises are contraindicated if
neurological symptoms or pain worsen with these motions.
Flexion exercises are contraindicated if neurological or pain
symptoms peripheralize with flexion or repeated flexion ma-
neuvers (see Box 15.9).

Techniques Utilizing a Flexion
Approach
In general, spinal flexion postures and exercises are taught fol-
lowing the guidelines described in Boxes 15.5, 15.7, and 15.8.
The following suggestions should also be considered for special
conditions.

Management of Acute Symptoms

Patient Education
■  As described in the general acute section earlier in this

chapter, once the functional position for comfort is identi-
fied, encourage the patient to move within pain-free ranges
and maintain daily activities that do not exacerbate the
symptoms.

■  Passive support, such as use of a cervical collar or lumbar
corset, is typically not utilized or discussed with the patient
except when managing patients with RA or other disorders
associated with hypermobility or instability.

Functional Position for Comfort 
■  For flexion bias in the lumbar spine, the position is usu-

ally with the hips and knees flexed so the lumbar spine
flexes.

■  In the cervical spine, the position is toward axial extension
(upper cervical flexion) with some flexion also in the lower
cervical region.

■  If there are neurological signs, the position provides max-
imal opening of the IV foramina to minimize impingement
of the nerve root.

Traction
■  Gentle intermittent joint distraction and gliding techniques

may inhibit painful muscle responses and provide synovial
fluid movement in the joint for healing.

■  Dosages must be very gentle grade I or II to avoid stretching
the capsules and are best applied with manual techniques
during the acute stage.

■  With spondylosis or stenosis, if a patient does not have
signs of acute joint inflammation but does have signs of
nerve root irritation, stronger traction forces may be ben-
eficial to cause opening of the IV foramina, which helps 
relieve the pressure.

CONTRAINDICATION: If a patient has RA, traction and joint
mobilizations/manipulations in the spine are potentially danger-
ous because of ligamentous necrosis and vertebral instability;
therefore, they should not be performed.163

Correction of Lateral Shift
If the patient has a lateral shift of the thoracic region along
with symptom relief when in flexion, he or she may be taught
self-correction.

Patient position and procedure: Standing with the leg op-
posite the shift on a chair so the hip is in about 90° of flexion.
The leg on the side of the lateral shift is kept extended. Have
the patient then flex the trunk onto the raised thigh and apply
pressure by pulling on the ankle (Fig. 15.9).
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Correction of Meniscoid Impingements
If there is entrapped synovial or meniscoid tissue in a facet
joint that blocks motion into extension, release of the trapped
meniscoid relieves the pain and the accompanying muscle
guarding. The joint surfaces need to be separated and the joint
capsules made taut.23 General techniques include traction and
manipulation.

■  Traction to the spine may be applied manually or mechan-
ically. The patient also can be taught self-traction and posi-
tional traction techniques. Traction applied longitudinally
along the axis of the spine has the effect of sliding the facets’
joint surfaces and thus placing tension on the facet capsules.
Traction with contralateral side bending and rotation of the
spine has the effect of distracting the facet joint surfaces as
well as placing tension on the capsules. 

■  Techniques of manual traction, self-traction, and positional
traction with rotation and manipulations are described in
the stretching section of Chapter 16.

Management When Acute Symptoms Have
Stabilized
General guidelines for subacute and chronic spinal problems
are summarized in Boxes 15.7 and 15.8. Specific emphasis when
treating patients with mobility impairments due to hypomobile
or hypermobile facet joints should include the following:

■  Hypomobile joints require stretching but not if the tech-
niques stress a hypermobile region. Traction techniques
may be effective if the hypermobile region is stabilized
during stretching. For those trained in joint mobilization/
manipulation techniques, these techniques are effective
for selective facet joint stretching and have been found to
be an effective part of a total treatment approach when
there is instability in specific areas and restricted mobility
in neighboring facet joints.182 Emphasis is on developing
dynamic stability through muscle control in the hyper-
mobile regions while gaining mobility in the restricted 
regions.

■  Strength and flexibility of the trunk, hip, and shoulder girdle
musculature require selective stretching and strengthening. 

■  If there are bony changes and osteophytic spurs, the patient
should avoid postures and activities of hyperextension,
such as reaching or looking overhead for prolonged periods
of time. Adaptations in the environment might include
using a stepstool so reaching is at shoulder level. Postures
and motions emphasizing flexion of the spine that increase
the size of the IV foramina are usually preferred.

■  For patients with RA, emphasis is on stabilization and con-
trol. Because of the potential instabilities from necrotic tis-
sue and bone erosion, subluxations and dislocations may
cause damage to the spinal cord or vascular supply and can
be extremely debilitating or life-threatening.

Management Guidelines:
Stabilization

Patients with segmental instability—including hypermo-
bility; ligamentous laxity; and diagnoses such as spondy-
lolysis, spondylolisthesis, or poor neuromuscular control
of the deep segmental and global stabilizing musculature—
require interventions that improve stability. Some of the
patients may have a history of trauma, repeated manipu-
lations, or early signs of spondylosis. Mobility testing of
the spinal segments reveals increased mobility at one or
more segments. There may be decreased activity in the sta-
bilizing musculature, particularly in response to postural
perturbations, and there may be faulty respiratory pat-
terns. (Additional information on spondylolisthesis is in
the final section of this chapter.)

Identification of Clinical Instability
Stress radiographs are typically used by the medical profes-
sion to identify instability. Those with more than 4 mm of
translation or 10° of rotation are considered candidates for
surgery.72 Radiographs can identify problems only in the pas-
sive structures. To identify impairments in the musculature
and the ability to control movement, techniques have been
developed that specifically address deep segmental muscle 
activation and endurance and global muscle stabilization. The
following may be used:

■  Quality of movement. Observe spinal ROM (standing) and
note if there is a catch or aberrant movement. Patients may
demonstrate difficulty moving smoothly in the midranges
as well as a shifting or fluctuation in movement.75

■  Control of deep segmental musculature. In the lumbar re-
gion, palpate the TrA and multifidus muscles while the 
patient attempts to contract them. Devices to measure 
activation, such as using a biopressure feedback unit or 
ultrasound imaging, have been developed for both research
and clinical usage113 (see the next section titled Principles
of Management as well as Chapter 16).
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■  Control of the global musculature. Several protocols have
been developed to test the stabilizing function of the global
musculature.79,92,203 They primarily challenge the isometric
holding capability of the anterior, posterior, and lateral
trunk musculature under various loads. The passive lum-
bar extension test, the lumbar extension load test, and the
active straight leg raise test have all been shown to be good
predictors of patients that may need lumbar stabilization
exercises.199

Principles of Management
Passive Support
Although not usually recommended, braces or corsets may be
necessary for support to provide stability and reduce pain
when instability is significant.72 If needed, these devices
should be used in conjunction with training the deep segmen-
tal musculature for dynamic control.

Deep Segmental Muscle Activation
Activation of segmental musculature may not be automatic
in patients with pain or instability. In addition to verbal and
tactile cues, techniques used to instruct patients include use
of a biofeedback pressure cuff (Chattanooga®) and ultrasound
imaging. Ultrasound imaging is primarily used in research
settings because of the cost of the units. The pressure cuff has
been shown to have clinical relevance in providing immediate
feedback to patients.113 Use of the cuff for testing and instruc-
tion in deep segmental muscle activation of the cervical and
lumbar regions is described in detail in the Muscle Perform-
ance section of Chapter 16.

Once the patient learns to activate the segmental muscles,
emphasis is placed on sustaining the contraction over a period
of time and on increasing the repetitions of the static hold to
reinforce the postural function. These contractions are of low-
intensity to minimize the compressive activity of the global
muscles.83

CLINICAL TIP
“Strengthening the core” has become a popular phrase in gen-
eral exercise programs, with its meaning being applied to any
exercise that focuses attention on the trunk musculature (usu-
ally the abdominals). For therapeutic purposes when managing
patients with segmental instability, the emphasis is initially
directed toward training activation of the deep segmental
muscles, followed by the global trunk muscles, and helping
the patient become aware of the difference in the actions and
functions of these muscles. These techniques are described in
detail in Chapter 16.

Lumbar Region
Initially, the patient is taught to find and maintain a neutral
spinal position using pelvic tilts (midrange). The patient is

then instructed in the “drawing-in maneuver” to activate the
TrA, and he or she learns to contract the multifidus by
bulging out the muscle. Gentle co-activation of the muscles
of the perineum facilitates contraction of these segmental
muscles.173

 FOCUS ON EVIDENCE
A review of systematic reviews from 2000 to 2011 on core
stabilization exercises for chronic LBP summarized that sta-
bilization exercise programs benefit people with nonspe-
cific LBP.93 Additionally, it is reported that core stabilization
is more effective in reducing LBP and improving functional
outcomes when compared with conventional exercises.29,119

Cervical Region
The patient is taught to activate the segmental musculature
with gentle capital nodding and slight flattening of the cervi-
cal lordosis.83

Progression of Stabilization Exercises
■  Progress from segmental muscle activation to general

stabilization exercises using the global musculature to
emphasize cervical and pelvic control while superimpos-
ing extremity motions. Include weight-bearing activities,
such as wall slides, partial lunges, and partial squats, 
with emphasis on the “drawing-in” maneuver and spinal
control in the neutral spinal position while doing the 
activities.

■  Incorporate functional activities into the stabilization exer-
cise routines. Encourage the patient to activate the segmental
musculature consciously and maintain a neutral spinal posi-
tion until it becomes habitual.

Management Guidelines:
Mobilization/Manipulation

NOTE: The terms manipulation and mobilization are currently
being used interchangeably, with a trend toward using the term
manipulation (see Chapter 5). The authors of this chapter are
using manipulation to mean graded oscillation techniques and
HVT to mean high-velocity, small-amplitude motion performed
at the end of the pathological limit of the joint. When describing
or documenting manipulation techniques used, the clinician is
reminded to define the intensity (grade I–IV or HVT) as well as
spinal level (target), direction of force application, and patient
position.

Some patients benefit from spinal manipulation during
the early stages of intervention.39,43,161 Hypomobile spinal seg-
ments may add to stress of hypermobile segments and require
a combined approach of manipulation as well as stabilization
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exercises.116,182 Manipulation techniques for the cervical, tho-
racic, and lumbar spines are described in Chapter 16.

Management: Lumbar Spine
Following determination of a hypomobile segment in the lum-
bar spine, perform the general manipulation (using the lumbar
roll technique) up to two times followed by instruction in ROM
exercises. This is repeated for two sessions, after which the 
patient is instructed in stabilization exercises and progressed
through treatment as summarized in Boxes 15.7 and 15.8.

The lumbopelvic technique used in validation studies38,39

as well as an alternate technique43 are described in Chapter 16.
The traction procedures described in the nonweight-bearing
section earlier in this chapter may also be beneficial.

 FOCUS ON EVIDENCE
In a randomized controlled trial of 71 subjects with LBP,
Flynn and associates68 determined that patients most likely
to benefit from spinal manipulation prior to stabilization ex-
ercises were those who met four of five of the following crite-
ria: symptom duration less than 16 days; no symptoms distal
to the knee; score less than 19 on a fear-avoidance measure;
at least one hypomobile lumbar segment; and at least one hip
with more than 35° internal rotation. This was validated by
Childs and colleagues38 in a multicenter randomized, con-
trolled trial of 131 consecutive patients.

Fritz and associates75 reported that those who had positive
tests for spinal hypomobility had more successful outcomes
if manipulation was included in the interventions and those
with hypermobility were more successful if stabilization was
included.

The CPGs for Low Back Pain48 cite strong evidence for 
use of manipulation procedures when treating patients with
mobility deficits and acute, subacute, and chronic LBP and
back-related buttock or thigh pain in order to reduce pain
and improve mobility.

Management: Cervical Spine
Cervical manipulation, in combination with exercise, has
been shown to significantly decrease neck pain7,63,64,87 as well
as increase ROM, upper extremity and neck strength, and 
endurance.27 Gross and associates87 completed a Cochrane
review and identified strong evidence in favor of manipula-
tion combined with exercise to decrease pain when compared
with a control group.

NOTE: The risk of serious or life-threatening injuries has been
reported from 1 in 20,000 to 5 in 10 million.88 In spite of the po-
tential risks,53,118 many authors have reported there is no risk
to damage of the vertebra-basilar artery as a result of cervical
thrust joint manipulation.15,35,101,227 Additionally, cervical thrust

joint manipulation has been shown to decrease pain when com-
pared with traction,251 to decrease pain and disability, and to
improve patient outcomes when compared with nonthrust 
manipulations.58,225

It is important that the thoracic spine is assessed in patients
with cervical impairments.120,132 Not only does the thoracic
spine move during cervical motion, but it is prone to mobility
impairments. In addition, there are common muscle attach-
ments in both regions. Performing joint manipulation and
HVT of the thoracic spine often improves outcomes in patients
with cervical complaints.41,42,120,132,153 

 FOCUS ON EVIDENCE
Cleland and Childs41 performed thoracic manipulation, exer-
cise, and patient education on 78 patients with neck pain. An
86% success rate was found for patients with three or more of
the following criteria: symptoms <30 days; no symptoms distal
to the shoulder, cervical extension did not aggravate the symp-
toms; Fear-Avoidance Belief Questionnaire-Physical Activity
Score of <12; diminished upper thoracic kyphosis (T3–5); and
cervical extension <30°.

Puentedura and associates198 identified four clinical variables
that predicted success following cervical thrust joint manipula-
tion. The variables were symptom duration less than 38 days,
patient expectation that thrust manipulation would be effective,
rotation left and right had a difference of greater than or equal
to 10°, and pain with posterior to anterior midcervical mobility
testing. If three or more variables were identified, there was a
90% chance of short-term success. Additionally, Bishop and as-
sociates21 found that patients who believed manipulation would
be successful had better outcomes. 

Management Guidelines:
Soft Tissue Injuries

As previously described, symptoms in soft tissues, including
muscles, can occur as a result of direct trauma (tears/
contusions), strain from sustained or repetitive activities, or
as a protective mechanism (guarding/spasm) from injury to
joints or other tissues. General guidelines for management
are summarized in Boxes 15.5, 15.7, and 15.8. In addition,
specific considerations when treating muscle injury are 
described in this section.

Management During the Acute Stage:
Protection Phase
Pain and Inflammation Control
Use appropriate modalities and myofascial release techniques
to control pain and inflammation. 
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Cervical Region
For serious injuries, cervical collars provide passive support
to relieve the muscles from the job of supporting or control-
ling the injured part. Cervical collars are usually reserved for
severe and acute whiplash injuries or postoperative interven-
tion per the physician’s recommendations. The length of time
a collar is worn during the day relates to the severity of the
condition and the amount of protection required. Wean the
patient from this form of passive support as soon as possible
to minimize dependency on its use.

Lumbar Region
Corsets provide passive support of the lumbar region 
and may be used following serious injury or postsurgically.
As with the cervical region, the length of time that a corset
is worn should be related to the amount of protection 
required. Some patients tend to become dependent on 
the corset and continue to wear it even after healing when
it no longer serves its intended purpose. During healing, it
is better to strengthen the body’s natural corset (deep 
abdominal muscles) and develop effective spinal mechanics
(see Chapter 16) than to have the patient rely on passive
support.

Muscle Function
When evaluating muscle function, identify the functional
position in which the patient has a decrease in the intensity
of symptoms. With a muscle injury, this is often with 
the muscle in its shortened position. In this position, begin
gentle muscle-setting techniques. Dosage is critical; resist-
ance is minimal. Use only enough to generate a setting 
contraction.

Cervical Region
Patient position and procedure: Supine. Stand at the head
of the treatment table, supporting the patient’s head with your
hands. Start with the guarding muscle in its shortened posi-
tion. Ask the patient to hold as you apply gentle resistance
(light enough to barely move a feather). Both the contraction
and the relaxation should be gradual. There should be no
neck movement or jerky resistance.

■  If there has been muscle injury, the technique is repeated
with the muscle kept in the shortened range for several days
before beginning to lengthen it.

■  As the muscle heals or if there is no muscle injury,
progress the treatment by gradually lengthening the
guarding muscle after each contraction and relaxation.
Movement is performed only within the patient’s pain-
free range; no stretching is performed when there is 
muscle guarding. 

Alternate procedure: Reverse muscle action. These exercises
are valuable for gentle muscle performance activity when neck
motions cause pain and muscle guarding. The neck is not
moved, but the muscles are called on to contract and relax.
The motions include active scapular elevation, depression, 

adduction, and rotation. If symptoms are not exacerbated,
active shoulder flexion, extension, abduction, adduction, and
rotation are used to stimulate the stabilizing function of the 
cervical musculature.

Lumbar Region
Patient position and procedure: Prone, with arms resting
at the side. Have the patient lift the head. This initiates a set-
ting (stabilizing) contraction of the lumbar erector spinae
muscles. A stronger contraction of the lumbar extensor
muscles occurs if the head and thorax are extended. Alternate
hip extension also causes a setting contraction of the lumbar
extensor muscles.

■  When there is muscle injury, the muscle is kept in this
shortened range for several days.

■  For progression as the muscle heals or if there is no muscle
injury, gradually allow the muscle to elongate after each
contraction by putting a pillow under the abdomen and
having the patient extend the thorax on the lumbar spine
through a greater range. Elongation is performed only
within tolerance during the early healing phase. There
should be no increase in symptoms.

Alternate position and procedure: Supine. Have the patient
gently press the head and neck into the bed, causing a setting
contraction of the spinal extensors.

Traction
Gentle oscillating traction may reflexively inhibit the pain and
help maintain synovial fluid and joint-play motion during
the acute stage when the muscles do not allow full ROM. 
Gentle techniques are most effectively applied using manual
traction. Position the part with the injured tissue in a short-
ened position and use a dosage less than that which causes
vertebral separation.

PRECAUTION: Traction techniques may aggravate a muscle
or soft tissue injury if the tissue is placed in a lengthened 
position during the setup or with a high dosage of pull during
treatment.169

Environmental Adaptation
If there are activities or postures that caused the trauma or
are continuing to provoke symptoms, identify the mechanism
and modify the activity or environment to eliminate the 
potential of recurrence of the problem.

Management in the Subacute and
Chronic Stages of Healing: Controlled
Motion and Return to Function
Phases
Once acute symptoms are under control, re-examine the 
patient and determine the impairments and activity limitations.
Refer to the general guidelines for management as presented in
Boxes 15.7 and 15.8.
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malformation in the pars interarticularis, a traumatic fracture
of the vertebral arch, or degenerative changes associated with
age or obesity.

Physical Therapy Interventions
■  Use the flexion approach described in the previous section.
■  Stabilization exercises: include both segmental and global

stabilization.
■  Stretch the hip flexors.
■  Gentle manipulations (grades I and II) for pain modula-

tion. Avoid HVT techniques, as they may further exacerbate
the symptoms or instability.

Ankylosing Spondylitis
This is a rheumatic disorder that results in the eventual ossifi-
cation of both the anterior and posterior longitudinal spinal 
ligaments and the facet joints. Ankylosing spondylitis first 
appears in adolescence and “peaks” in the mid-20s.80,120,239,241

People with this pathology complain of pain at the bilateral SI
joints, thoracic or lumbar spine, shoulder, or foot regions.

Rudwaleit and associates206 identified the following char-
acteristics in people with ankylosing spondylitis: stiffness 
>30 minutes of duration, back pain that improves with exer-
cise but not rest, back pain that wakes a person up only during
the second half of the night, and alternating buttock pain. It
was determined, that if at least three of four of these were
present, the positive likelihood ratio was 12:4. 

Interventions
The primary physical therapy intervention for this pathol-
ogy is patient education. Patients must have a good under-
standing of the disease progress (may require a referral to a
rheumatologist).

■  Educate the patient about the proper, or “functional,” pos-
ture before the spine becomes ankylosed. An exaggerated
lumbar lordosis is required to facilitate a functional thoracic
kyphosis and prevent the person from fusing in a posture
in which the entire spine is in a kyphotic posture. This can
be accomplished by instructing patients to sleep in a prone
position and to use a pillow or towel roll behind their lum-
bar spine during all sitting activities. 

■  Gentle manipulations (grades I and II) for pain modula-
tion at the non-ankylosed segments

■  Segmental and global trunk stabilization and scapular sta-
bilization exercises are mandatory to strengthen the mus-
cles surrounding the spine.

■  Stretch to maintain hip extension and shoulder flexion, as
lumbar and thoracic extension may eventually be lost.

Scheuermann’s Disease
This pathology is similar to HNP except the nucleus pulposus
migrates either superior or inferior versus posterior or postero-
lateral. Scheuermann’s disease is the result of a weakened ver-
tebral end-plate. This weakness causes a crack and a breakdown
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Management of Regional
Diagnoses

Most spinal pathologies may affect any region in the spine
and tend to cluster in the diagnostic categories that are 
described in the previous section. There are several patholo-
gies unique to the thoracic and lumbopelvic region and 
several unique to the craniocervical and upper thoracic 
region; the interventions for these pathologies are described
in this section. 

Lower Thoracic and
Lumbopelvic Region

Compression Fracture Secondary 
to Osteoporosis
As described earlier in this chapter, compression fractures
of the vertebral bodies, secondary to osteoporosis, com-
monly occur in the thoracolumbar region as a result of axial
loading or trunk flexion. Symptoms are provoked with flex-
ion activities. 

Interventions
■  Teach stabilization exercises to promote a neutral thora-

columbar junction and develop spinal stability.
■  Teach scapular stabilization exercises to assist with correct

posture and decrease the progression of a thoracic kypho-
sis, commonly seen in people with osteoporosis.

■  Stretch the antagonist muscles. These muscles include the
shoulder horizontal adductors, internal rotators, hip flex-
ors, and internal rotators.

■  Instruct in correct lifting techniques and advise to avoid
extreme and prolonged trunk flexion when possible.

■  Whenever possible, instruct patients who have osteoporosis
in preventative measures and safe exercises as described in
the osteoporosis section of Chapter 11. 

CONTRAINDICATIONS: Avoid trunk flexion activities and
exercises, such as bending forward to lift heavy objects and per-
forming toe touch and sit up (crunch) exercises.

Spondylolisthesis
Spondylolisthesis is defined as an anterior slippage of one ver-
tebra on the one directly below it. It is graded according to
the amount the superior vertebra moves in relation to the one
directly below it as identified on a radiograph. Grade I in-
cludes all films that demonstrate up to a 25% slippage, grade II
is reserved for patients who have a slippage from 26% to 50%,
grade III indicates a 51% to 75% slip, and grade IV is more
than 75% slippage.85,245 This pathology can occur at any 
age and is associated with instability at the involved segment.
Spondylolisthesis can be the result of either a congenital 
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in the weight-bearing ability of the vertebra. The nucleus pul-
posus then travels to the path of least resistance. Typically, pa-
tients with Scheuermann’s disease do not have any radicular
symptoms as the nerve roots are not involved.

Interventions
■  Segmental and global stabilization exercises
■  Stretching of tight muscles
■  Posture education
■  Joint manipulation may be used either for pain modulation

or to improve ROM.125 However, use caution with high-
velocity techniques.

Rib Subluxation
The ribs articulate with the thoracic spine and move with all
arm and thoracic activities. The place/location where the rib
articulates with the thoracic spine is called a costovertebral
joint. These joints can become sprained, or displaced, during
twisting activities (unloading the trunk of a car or swinging
a golf club), trauma (motor vehicle collision or fall), or fol-
lowing a period of prolonged sickness in which repetitive or
aggressive coughing was involved. Radicular pain (intercostal
nerve) may or may not be involved depending on the mech-
anism and severity of the injury. Muscle energy (ME) tech-
niques may be used to correct either a posterior or anterior
rib hypomobility.

Interventions  VIDEO 15.1
ME technique to correct a rib that has been forced and
stuck in a posterior position. 
■  Patient position: sitting. 
■  Technique: Stand on the involved side. Place one hand lateral

to the rib angle while resisting horizontal adduction (iso-
metrically) with the other hand (Fig 15.10). During the iso-
metric contraction, elicit an anteromedial force at the rib,
attempting to improve movement. Hold the contraction
and force for 3 to 5 seconds and repeat three to five times.
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FIGURE 15.10 ME technique to correct a posterior rib.

R

FIGURE 15.11 ME technique to correct an anterior rib.

ME to correct a rib that has been forced and stuck in an
anterior position. 
■  Patient position: sitting. 
■  Technique: Stand on the uninvolved side. Place hand medial

to the rib angle while resisting horizontal abduction with the
other hand (Fig. 15.11). During the isometric contraction,
elicit a posterolateral force at the rib attempting to im-
prove movement. The contraction and force are held for 3 to 
5 seconds and repeated three to five times. A thorough assess-
ment of the thoracic facet and IV facet joints is also indicated.

CLINICAL TIP
In addition to ME techniques to correct rib dysfunctions, 
examine thoracic IV mobility and scapular muscular strength
since the function of these areas may also be affected with 
impairments of the costovertebral joints. Thoracic IV manip-
ulations are described in Chapter 16; scapular stabilization
exercises are presented in Chapter 17.

Sacroiliac Joint Dysfunction
SI joint sprain has been shown to occur in 10% to 33% of the
patient population.8,23,56,57,150,219 Impairments can be either
traumatic or insidious onset. Patients will frequently complain
of pain localized to the SI joint region with or without radicu-
lopathy depending on the involvement of the sciatic nerve. Pain
is usually relieved with rest and/or by unweighting the joint.
Unresolved inflammation or a traumatic etiology may yield a
hypomobile SI joint. It is beyond the scope of this textbook to
discuss all the hypomobility impairments as they pertain to the
sacrum and innominate. Four common impairments include
pubic symphysis hypomobility, an anterior rotated innominate,
a posterior rotated innominate, and an upslipped innominate
(Fig. 15.12). The first three can be corrected with ME tech-
niques, while the fourth may require a HVT.
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Identification of SI Joint Impairments
■  Observation and findings. With the patient standing, view

from the posterior aspect. Look for symmetry in the
heights of the iliac crests, posterior superior iliac spines,
and anterior superior iliac spines. With your hands on these
bony landmarks, have the patient march in place (March
Test) and observe movement of the innominate. If there
are positive signs, conduct additional tests, supine and
prone lying, to verify SI joint involvement.56,149,197

■  General SI joint hypomobility. The pelvis will “rise up” on
the restricted side during the March Test.

■  Anterior rotated innominate. The posterior superior iliac
spine (PSIS) with be higher and the anterior superior iliac
spine (ASIS) will be lower on the involved side.

■  Posterior rotated innominate. The PSIS will be lower and
the ASIS will be higher on the involved side.

■  Upslipped innominate. All bony landmarks of the pelvis will
be higher on the side of the upslip.

Interventions  VIDEO 15.2
“Shot-gun” technique. The “shot-gun” technique is used to
treat both pubic symphysis and general SI joint hypomobility.
The idea used to describe the mechanics of this technique is
that it creates a gapping followed by a compression of the
pubic symphysis joint to improve mobility, although no
known studies have confirmed this concept.

■  Patient position: Supine in a hook-lying position.
■  Technique: Instruct the patient to contract against your re-

sistance to submaximal contractions, alternating between hip

abduction and adduction for a series of three to five repeti-
tions holding each contraction for 3 to 5 seconds (Fig. 15.13).

ME techniques to correct an anterior rotated innominate.
ME techniques to correct an anterior rotated pelvis use the
force generated by the contracting gluteus maximus to rotate
the innominate posteriorly.

■  Patient position: Supine.
■  Technique: Flex the involved hip to the point of pain and/or

restriction, then resists a series of submaximal isometric
hip extension contractions (Fig. 15.14).

ME technique to correct a posterior rotated innominate.
A patient that has a posterior rotated innominate can be
treated with ME techniques using the rectus femoris muscle. 

■  Patient position: Prone.
■  Technique: Passively extend the involved extremity to the

restriction or point of pain, then resists a series of submax-
imal isometric hip flexion contractions (Fig. 15.15). With
one hand on the pelvis, assist gliding the pelvis anteriorly
by pushing on the posterior superior iliac spine when the
other hand lifts the femur.

HVT to treat an upslipped innominate. An upslip is usually
the result of trauma (such as a fall) or scoliosis. Treatment uti-
lizes a HVT rather than an ME technique.  VIDEO 15.3

■  Patient position: Supine.
■  Technique: Hold the ankle on the side of the involved pelvis.

Place the extremity in slight hip extension, abduction, and
internal rotation. This will place the SI joint in a loose pack
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PSIS

ASIS

FIGURE 15.12 (A) Normal relationship of the sacrum and innomi-
nate, (B) anterior rotated innominate showing the ASIS inferior and
PSIS superior, (C) posterior rotated innominate showing the ASIS su-
perior and PSIS inferior, (D) upslipped innominate showing ASIS and
PSIS superior on the right compared to contralateral side.

R

R

FIGURE 15.13 “Shot-gun” ME technique.

5850_Ch15_443-490  18/08/17  5:10 PM  Page 475



position while providing maximum stability to the hip
joint. After a series of two to three inhalations and exhala-
tions by the patient, provide a quick “tug” during the final
exhalation (Fig. 15.16).

Cervical and Upper Thoracic
Region

The anatomy and arthrokinematics of the craniocervical 
region are described in Chapter 14, and physical therapy 
interventions are discussed in Chapter 16. It is, however, nec-
essary to discuss the significance of this region as both a tran-
sitional area from the neck to the head and the precautions
needed with respect to the vertebral artery as it courses
through this region. 

This region is important because the greater occipital nerve
(sensory branch of C2) pierces the semispinalis capitis muscle
prior to providing innervation to the posterior scalp. Irrita-
tion of this nerve can be a major cause of headaches.

This craniovertebral area is also important, as it pertains
to the vulnerability of the vertebral artery. The two vertebral
arteries arise from the subclavian arteries prior to entering
the transverse foramen of C6, bilaterally, and traveling up
through C1. These arteries are responsible for providing 
20% of the blood to the brain. After they pass through C1, the 
arteries travel along the superior surface of the atlas before
entering the brain through the foramen magnum. 

PRECAUTIONS AND CONTRAINDICATIONS: Extreme
caution should be used during grade IV manipulations, HVT, ME
techniques, and manual traction so as not to occlude these 
arteries. Only 45° of rotation is enough to “kink” the artery, and
the lumen can narrow up to 90% of its original size with con-
tralateral side bending.85,192 This can be exaggerated when 
coupled with backward bending. If the patient has a history of
instability, such as RA or long-term steroid use, or complains 
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FIGURE 15.15 ME technique of the rectus femoris to correct a 
posteriorly rotated innominate bone.

FIGURE 15.16 HVT to correct an upslip of the innominate bone.

FIGURE 15.14 ME technique of the gluteus maximus to correct an
anteriorly rotated innominate bone.

R
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of dizziness or balance impairments, manipulative movements
of the cranio-vertebral region should not be done. 

Additional risk factors include cervical trauma in the past
month, recent infection, hypertension, migraine headaches
without aura, low cholesterol, and low body mass index.47

Cervical arterial dissection, which is a tear or hematoma in
the wall of the vertebral or internal carotid artery, has been
reported as a potential complication in a very small popula-
tion of individuals. Early warning signs of dissection were
summarized in a prospective case control study; they include
transient ischemic neurological features, blurred vision, and
imbalance, as well as dizziness, dysphasia, and paresthesia and
weakness in the arm.230

CLINICAL TIP
If a patient reports dizziness that is associated with movement,
be cautious with examination and intervention techniques
that use rotation or extension of the upper cervical spine.

Specific treatment of headaches and selected cervical impair-
ments are discussed in the following sections.

Tension Headache/Cervical Headache
According to the International Headache Society, the three
categories of headaches are primary (migraine, cluster, or
tension), secondary (headaches caused by another disor-
der), and cranial neuralgias.229 Secondary headaches in-
clude those that result from cervical spine impairments
(musculoskeletal) or temporomandibular dysfunction (TMD).
Musculoskeletal headaches are a common complaint with
impaired posture. About 15% to 20% of chronic and recur-
rent headaches are diagnosed as cervical headaches and are
related to musculoskeletal impairments.122 Often, there is
associated tension in the posterior cervical muscles and pain
at the attachment of the cervical extensors, at the cervico-
thoracic junction, and/or radiating across the top, side, or
back of the scalp.

Etiology
There are many factors that may cause a cervical headache.156

Headaches may follow soft tissue injury or may be caused by
faulty or sustained postures, greater occipital nerve irritation
or impingement, or sustained muscle contraction (from
faulty posture or emotional tension) leading to ischemia. Cer-
vical muscle trigger points can all contribute to pain in the
craniofacial region.10,123,142,232,244 With cervical headaches, 
the joints, ligaments, and neuronal structures of the upper
cervical spine are often inflamed or in dysfunction.13,61,77,181

This includes inflammation of cranial nerves V, VII, IX, X, 
and XI as they descend into the grey matter of C1–3 and pro-
vide sensation to the face, forehead, orbit, sinuses, and TMJ
region.192

Headaches may be related to TMJ dysfunction147,180 or other
conditions, including cardiovascular,70,136 systemic inflamma-
tion,24,137,205 allergies, or sinusitis.5 Cervical impairments, which
may lead to headaches, can also arise from faulty thoracic joint
mobility.120,132 Whatever the cause, there usually is a cycle of
pain, muscle contraction, decreased circulation, and more pain,
which leads to decreased function and potential soft tissue and
joint impairments. 

Presenting Signs and Symptoms
Therapists can effectively treat headaches if they were caused by
trauma or stress or if function triggers the onset and/or pain be-
gins in the neck and becomes a headache.218 Differentiating cer-
vical headaches and related impairments in the musculoskeletal
system from other kinds of headaches, such as cluster or mi-
graine headaches, is important for developing a plan of care that
effectively manages the headaches. Box 15.10 identifies common
history and symptoms associated with cervical headaches as well
as red flags that require referral to a physician.122
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BOX 15.10 History and Symptoms of Cervical
Headaches

■ Unilateral headaches or bilateral headaches with one side
predominant

■ Pain in the neck or suboccipital region that spreads into 
the head

■ Intensity can fluctuate between mild, moderate, or severe
■ Precipitated by sustained neck postures or movements
■ May be precipitated by stress (also common with other

types of headache)
■ May be related to trauma, DJD, or a sedentary lifestyle and

postural stresses
■ More prevalent in females but no familial tendency
■ Pain or altered sensation in the face or TMJ region

Red Flags and Precautions
A referral to a physician is indicated if the patient complains
of any of the following, as the headache is probably not of
musculoskeletal origin.

■ States this is either the first or worst headache they have
ever experienced

■ Reports sharp pain or spikes in intensity
■ Reports headaches come in bunches; i.e., throughout the

day or over several hours, the headaches come and go
■ A change in personality or behavior is reported

Refer to a specialist with the following reported
history and headache88

■ Positive cardiac history or signs, send to a cardiologist
■ Bilateral pain or in multiple joints, send to a rheumatologist
■ Sinusitis, facial pain, nasal congestion or pressure, 

send to ENT
■ Vision loss/disturbances or pain with eye movement, 

send to ophthalmologist
■ TMD symptoms, send to pain center or dentist
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Musculoskeletal Impairments 
Musculoskeletal impairments include:

■  Joint impairments in the upper cervical spine and cran-
iovertebral region (pain and motion restrictions).

■  Impaired muscle performance (impaired tonic postural
control and endurance in upper and deep cervical flexors
and possibly multifidus and small posterior suboccipital
muscles).122

■  Impaired shoulder girdle/scapular posture with related
muscle imbalances.

■  Impaired lumbar posture with related muscle imbalances.156

■  Impaired neural tissue from pressure or inflammation in
the upper cervical/craniovertebral region.

■  Impaired neuromotor control.
■  Impaired upper thoracic mobility.

General Management Guidelines
Management is directed toward reversing physical impair-
ments, including posture correction, stress management, and
prevention of future episodes.122

Pain Management
Modalities, massage, and muscle-setting exercises are used to
break into the cycle of pain and muscle tension.

Soft tissue techniques and myofascial release. Various
forms of soft tissue mobilization, myofascial release, and trig-
ger point release have been reported to decrease pain intensity
and improve cervical ROM.67,115,117,166

Dry needling. This manual therapy intervention has been
reported to decrease pain both immediately and for a 4-week
follow-up.124,128

NOTE: The inclusion of soft tissue, myofascial release, and
dry needling techniques are beyond the scope of this 
textbook.

Mobility and Muscle Performance 
Examine the flexibility and strength of the muscles in the cer-
vical, upper thoracic, shoulder girdle, and lumbar spine and
design an exercise program to regain a balance in flexibility
and neuromuscular control in conjunction with posture cor-
rection and training as described in Chapter 14 (see Boxes 14.2
and 14.3). Interventions that have been reported to decrease
the intensity and incidence of cervical headaches include the
following.28,67,115,117,122,124,128,156,166

Mobility and flexibility. Increase joint mobility in the 
cervical spine and flexibility in the suboccipital muscles to
relieve tension in that region as well as to activate and train
the deep cervical flexors for control of capital flexion and 
cervical retraction (described in Chapter 16). Control and
support from the deep segmental muscles are the foundation
of management.

Cervical stabilization. Utilize cervical stabilization exercises
as described in detail in Chapter 16, emphasizing tonic 

holding of the deep segmental muscles in isolation from the
global muscles.122

Scapular stabilization and posture. Train the lower trapez-
ius, rhomboids, and serratus anterior muscles in tonic hold-
ing postures to improve control of scapulothoracic posture
(described in Chapter 17). Exercise prescription should focus
on the endurance aspects of these muscles.28

Stress Management
If the person is in tension-producing situations, relaxation
techniques, ROM and muscle-setting techniques, and proper
spinal mechanics are taught.

 FOCUS ON EVIDENCE
Jull and associates121 conducted a multicenter, randomized,
controlled study of 200 individuals with cervicogenic headache.
They looked at the effectiveness of manipulative therapy and
a low-load exercise program alone and in combination com-
pared to a control group and found that both interventions
reduced headache frequency and intensity and reduced neck
pain compared to that in the control group and that the ef-
fects were maintained at the 12-month follow-up. The exer-
cise intervention primarily consisted of training postural
control of the longus colli and other deep neck flexors as 
well as the serratus anterior and lower trapezius muscles 
and increasing muscular endurance. (See Chapter 16 for a de-
scription of the cervical stabilization exercises and Chapter 17
for a description of the scapular stabilizing exercises.) Pos-
tural correction exercises were also performed throughout 
the day and progressed to isometric resistance and flexibility
exercises.

Prevention. Underlying the prevention of future episodes of
cervical headaches is the education of the patient to correct
postural stresses; maintain a healthy balance in the length and
strength of the postural muscles; and adapt the home, work, or
recreational environment to minimize sustained or repetitive
faulty postural alignment.

Neck Pain
It is estimated that 22% to 70% of the American population
will have neck pain in their life. Prevalence increases with age,
and nearly 37% of people have neck pain that lasts longer
than 12 months. Almost 25% of all patients seen in outpatient
physical therapy clinics have this complaint.37

Therapy interventions for cervical pain follow the same
guidelines described earlier (see Management Guidelines
in Boxes 15.5, 15.7, and 15.8). As identified in the Hypo-
mobility: Manipulation section, it is important to assess
and treat the thoracic spine in people with cervical impair-
ments132 because not only does the thoracic spine move
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during cervical motions, influence cervical posture, and
have common muscle attachments, but also because the
thoracic spine is prone to hypomobility impairments. 
Performing joint manipulation and HVT to the thoracic
spine will often improve outcomes in people with cervical
symptoms.41,120,132 Patients with neck pain also report more
symptoms of TMJ dysfunction than healthy controls (see
management guidelines for TMJ Dysfunction later in this
chapter).52

 FOCUS ON EVIDENCE
The summary recommendations for interventions in the
treatment of neck pain published in the CPGs for Neck Pain37

include: 

■  cervical mobilization/manipulation based on strong 
evidence;

■  thoracic mobilization/manipulation based on weak evidence;
■  targeted stretching exercises based on weak evidence;
■  coordination, strengthening, and endurance exercises

based on strong evidence;
■  upper quarter and nerve mobilization based on moderate

evidence;
■  traction based on moderate evidence; and
■  patient education and counselling based on strong 

evidence.

Raney and colleagues200 applied mechanical traction to
68 patients with neck pain for 15 minutes each session. 
Mechanical traction was found to be 90% successful in 90%
of the patients if they met four of the five following criteria:
(1) patient reported peripheralization with C4–7 mobility
testing; (2) patient had a positive abduction sign; (3) patient
was age 55 years or older; (4) patient returned a positive 
median nerve tension test; and (5) patient experienced relief
of symptoms with manual distraction.

Tseng233 followed 100 patients with neck pain and identified
six variables for patient success with manipulation. The authors
concluded that if the patients met four of the following criteria
their chance for success using cervical manipulation was 89%.
The variables were (1) initial Neck Disability index <11.5, 
(2) bilateral involvement pattern, (3) not performing sedentary
work >5 hours each day, (4) feeling better while moving neck,
(5) did not feel worse with neck extension, and (6) diagnosis
of spondylosis without radiculopathy.

Cervical Radiculopathy
Neck pain with pain and/or neurologic symptoms extending
into the arm can be the result of several pathologic conditions,
including narrowing of the IV foramen from inflammation
and/or degenerative changes in the facets or the IV discs. Thus,
foraminal stenosis with accompanying neurologic signs require

careful examination as to what positions, motions, and activi-
ties lead to symptom production as well as symptom relief. In-
terventions are then directed toward relieving the symptoms.
Interventions typically include:

■  Cervical traction
■  Cervical stabilization exercises that emphasize training,

strengthening, and developing endurance in the deep cer-
vical flexors, axial extension/cervical retraction, and scapu-
lar posture (these are described in detail in Chapter 16)

■  Posture training with emphasis on postures that relieve
symptoms (Chapter 14) 

 FOCUS ON EVIDENCE
Fritz and associates74 randomized 86 people with cervical
radiculopathy into three different intervention groups for 
4 weeks of treatment and followed them for 12 months after
the conclusion of therapy. All patients were told to remain ac-
tive and perform exercises every day. The groups were: exer-
cise alone, exercise with intermittent mechanical traction
(performed supine, and exercise with over the door traction
(for home use). The mechanical traction group had signifi-
cantly improved Neck Disability Index scores at both 6 and
12 months with respect to the other groups. The exercises
used in the study included scapular strengthening and cervical
stabilization exercises to the deep cervical flexors.

A systematic review231 summarized that patients with cer-
vical radiculopathy have a favorable natural course of recov-
ery. The review identified that use of a collar was no more
effective than physical therapy or traction. It was also reported
that traction was no more effective than placebo traction.

Cleland and associates42 identified 96 consecutive patients
with cervical radiculopathy. Patients had a 90% success rate
using an intervention manual therapy, traction, and deep
neck flexor strengthening exercises if they met the following
criteria: <54 years old; dominant hand not affected; looking
down did not worsen the symptoms; and ME and/or thrust,
traction, and deep neck flexor muscle strengthening used
≥50% of the time during PT sessions.

Cervical Myelopathy
Cervical myelopathy is a disease of the spinal cord.192 It results
from degeneration or stenosis of the central spinal canal. The
prevalence of this disease is unknown. A person with cervical
myelopathy may experience neurological symptoms in both
his hands and feet. In addition to an uncoordinated gait, peo-
ple who have cervical myelopathy may experience a variety of
upper motor neuron lesions, including bowel and bladder im-
pairments. Myelomalacia, seen on a MRI film, is the gold
standard for the accurate diagnosis of this pathology.45 There
are no neurologic tests or signs that offer both a high sensi-
tivity and specificity.45
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Therapy interventions are based on the associated impair-
ments and identifying the cause. As this pathology is caused
by degeneration, stenosis, or spondylosis, the intervention se-
quence for cervical myelopathy will follow the same guide-
lines as described under those pathologies. This includes
scapular stabilization, posture education, and cervical and
thoracic joint manipulations. 

 FOCUS ON EVIDENCE
Rhee and associates202 conducted a systematic review of the
literature from January 1956 through November 2012 that
compared conservative treatment with surgery for outcomes
of patients with myelopathy. Only 1 randomized control trial
was identified that favored conservative care over surgery in
patients with mild myelopathy. Since cervical myelopathy is
typically a progressive disorder, the overall recommendation
is that patients need to be monitored for neurological deteri-
oration. Additionally, patients with moderate to severe symp-
toms need to be counselled that even a minor traumatic event
could significantly worsen their neurologic status.

Temporomandibular Joint
Dysfunction

The function of the TMJ is closely related to the function of
the upper cervical spine and posture. In 44% of patient cases,
neck pain is associated with TMD.238 Because of this close 
relationship and co-occurrence of neck pain and jaw dysfunc-
tion, a brief description of the structure, function, impairments,
and interventions related to the TMJ are included.

Structure and Function
Each TMJ is described as a ginglymoarthrodial joint (combi-
nation of a hinge and plane joint), consisting of the mandibu-
lar condyle articulating with the TM disc and glenoid fossa
of the temporal bone (Fig. 15.17). Together, these joints per-
form tasks such as chewing, talking, and yawning.

Motions of the TMJs. The motions available at the TMJs
include mandibular depression (mouth opening), lateral 
deviation, and protrusion.

■  During mandibular depression, the condyle both rolls and
slides anterior on the TM disc while the disc also slides 
anterior to maintain a congruent surface with the fossa
(Fig. 15.18). Mouth opening is primarily facilitated by grav-
ity with minimal assistance from the anterior digastric and
the lateral pterygoid muscles.

■  Protrusion occurs when both TMJs slide anteriorly.
■  Lateral excursion involves the ipsilateral TMJ spinning in

place with the contralateral TMJ sliding anterior. Both pro-
trusion and lateral excursion are needed when grinding
small foods, like lettuce.

Signs and Symptoms
The three cardinal (main) signs of TMJ impairments
are:51,60,82,162,171,172,179

■  Pain in the TMJ region that is affected by movement.
■  Joint noise during movement.
■  Restrictions or limitations with jaw movement.

Pain from a variety of sources is often cited as part of the
TM joint syndrome.174

■  Pain may occur locally in the TMJ, in the richly vascular-
ized and highly innervated retrodiscal pad located in the
posterior region of the joint or in the ear.

■  Pain from muscle spasm or myofascial pain in the masseter,
temporalis, or the medial or lateral pterygoid muscles may
be described as a headache or facial pain.

■  Tension in the muscles of the cervical spine may itself be
painful or cause referenced pain from irritation of the
greater occipital nerve that may be described as a tension
headache. 

Etiology of Symptoms
TM joint impairments and pain are usually the result of
trauma, poor posture, or faulty movement patterns. Addition-
ally, symptoms can result from:

■  Poor oral hygiene
■  Gum chewing
■  Heavy kissing
■  Bruxism (grinding the teeth)
■  Smoking
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■  Inflammatory conditions such as RA
■  Open mouth breathing

Relationship to Neck Pain
Two theories have been proposed as to why neck pain may
cause TMJ discomfort.215 Causes may be:

■  A result of the neurophysiological influences from pain in
masticatory muscles via the tonic neck reflex and/or the 
agonist/antagonist relationship of the anterior and posterior
cervical muscles.

■  Patients with neck pain respond by bruxing (grinding the
teeth), which may lead to muscle or TMJ pain.

Mechanical Imbalances
Imbalance that occurs between the head, jaw, neck, and shoul-
der girdle may also precipitate TMD signs and symptoms.
Causes may be:

■  Malocclusion, decreased vertical dimension of the bite, or
other dental problems.134

■  Faulty joint mechanics from inflammation, subluxation
of the meniscus (disc), dislocation of the condylar head,
joint contractures, or asymmetrical forces from jaw and
bite imbalances. Restricted motion results from periods
of immobilization after reconstructive surgery or fracture
of the jaw.

■  Muscle spasm in the muscles of mastication, causing ab-
normal or asymmetrical joint forces. Muscle spasm can be
the result of emotional tension, faulty joint mechanics, 
direct or indirect injury, or a postural dysfunction.

■  Sinus problems, resulting in mouth breathing, which indi-
rectly affects posture and jaw position.

■  Forward-head posture resulting in retraction of the
mandible, which places the anterior throat muscles in a
lengthened position. Consequently, there is increased activity
in the muscles that close the jaw to counter the mandibular
depression force caused by the digastric muscles. Extension

of the head on the upper cervical spine places the muscles
and soft tissue in the suboccipital region in a shortened po-
sition, so they lose flexibility. Also, the nerves and joints in
the upper cervical region become compressed or irritated.

■  Sudden trauma, such as a flexion/extension accident in
which the jaw forcefully opens when the head whips back
into hyperextension; a direct blow from an auto accident,
boxing, a fall, or similar trauma.

■  Sustained trauma associated with prolonged dental surgery
in which the mouth is held open for a lengthy period of
time may initiate symptoms in the TMJ or supporting 
tissue. Excessive stresses, such as biting or chewing on large
pieces of hard food, may also traumatize the joints.

Principles of Management 
and Interventions
The approach to management depends on the cause of symp-
toms and/or functional limitations. It is important to remem-
ber that “aggressive and irreversible treatments” should be
avoided if possible.84 In simple cases in which posture, joint
dysfunction, or muscle imbalances are the source of the prob-
lem, intervention with therapeutic exercise can directly ad-
dress the impairments. In most cases, a dental referral,
otolaryngology referral, or psychological support may be nec-
essary to deal with related pathology.95 A complete evaluation
is necessary prior to initiation of any treatment. Successful
management of TMJ impairments is directly related to the
accuracy of diagnosing the underlying pathology.54 

Reduction of Pain and Muscle Guarding
Use of modalities for pain modulation and relaxation are
often indicated during acute and painful episodes. Extra- and
intra-oral myofascial techniques are indicated to improve
joint and muscle mobility and decrease pain. In addition, the
person should eat soft foods and avoid items requiring exces-
sive jaw opening (i.e., apple, corn on the cob, large sandwich)
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FIGURE 15.18 Mandibular depression: (A) relationship of the condyle, TM disc and glenoid fossa with jaw closed; (B) as the jaw opens the
condyle rolls on the TM disc, then (C) the disc and condyle slid anterior on the articular eminence.
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or firm biting (i.e., carrots) and repetitive chewing motions
(i.e., gum).

Soft Tissue Techniques
The following soft tissue techniques can be performed by the
therapist and/or incorporated into a home exercise regimen.
These techniques are suggested to reduce muscle tension
and/or improve mobility in the TMJ region:

■  Extra-oral massage. Perform using a circular motion tech-
nique in the region of either the masseter or temporalis
muscle. Use a gentle massaging motion to facilitate muscle
relaxation.

■  Intra-oral trigger point release. Identify a point of muscle
tension within either the temporalis or masseter tendons.
Maintain gentle finger point pressure until the muscle is
felt to relax. Repeat at multiple areas of the muscle where
muscle tension is identified.

■  A petrous sinus release. This technique is indicated in patients
with TMJ pain and limitations due to muscle guarding
and/or sinus involvement. Place one finger on the buccal side
of the maxillary teeth and move posterior and cephalad. Once
resistance is met, then maintain pressure until a “release” or
softening of the muscle occurs. It is judicious to advise the
patient that this technique may be a little uncomfortable.

Fascial Muscle Relaxation and Tongue
Proprioception and Control
The following are suggested techniques:

■  Place the tip of the tongue on the hard palate behind the
front teeth and draw little circles or letters on the palate.
For additional stimulus, place a Lifesaver® between the
tongue and palate; then follow the circular edge with the
tip of the tongue.

■  Place the tip of the tongue on the hard palate and blow air
out to vibrate the tongue, making an “r r r r” sound.

■  Fill the cheeks with air (mouth closed); then let the air out
in a puff.

■  Make a “clicking” sound with the tongue on the roof of the
mouth. When doing so, the jaw drops open quickly and 
returns with the teeth slightly apart, and the tongue usually
rests on the hard palate behind the front teeth. This is the
resting position of the jaw and is also the first step in teach-
ing relaxation exercises. (Relaxation exercises are described
in Chapter 14.)

Control of Jaw Muscles and Joint
Proprioception
First, teach recognition of the resting position of the jaw. The
lips are closed, teeth slightly apart, and tongue resting lightly
on the hard palate behind the front teeth. The patient should
breathe in and out slowly through the nose, using diaphrag-
matic breathing. Resting position of the jaw should be main-
tained throughout the day.

■  Teach control while opening and closing the jaw through
the first half of the ROM. With the tongue on the roof of

the mouth, the patient opens the mouth, trying to keep the
chin in the midline. Use a mirror for visual reinforcement.
The patient is also taught to lightly palpate the lateral pole
of each condyle of the mandible bilaterally and attempt to
maintain symmetry between movement of the two sides
when opening and closing the mouth.

■  An alternative for training joint proprioception is to have
the patient place one finger on a maxillary canine tooth
(i.e., cuspid). The patient slowly opens and closes his or her
mouth, attempting to bring the corresponding mandibular
canine in contact with his or her finger during end-range
mandibular elevation. The technique can be advanced by
instructing the patient to begin in lateral excursion and
then attempt to return his or her mandible to the correct
position.

■  If the jaw deviates while opening or closing, have the 
patient practice lateral deviation to the opposite side. The
lateral motion should not be excessive or cause pain.

■  Progress to applying gentle resistance with the thumb
against the chin. Do not overpower the muscles.

Stretching Techniques
If there is restricted jaw opening, determine if it is from hy-
pomobile tissues or a dislocated meniscus. Passive stretching
and joint mobilization/manipulation are used to stretch tight
tissues. Joint distraction can be used to reposition a meniscus
that is blocking opening.

Passive Stretching
Stretch to increase jaw opening if indicated. Begin by placing
layered tongue depressors between the central incisors. The
patient can gradually work to increase the amount of tongue
depressors used until he or she can open approximately far
enough to insert the knuckles of the index and middle fingers.

■  Self-stretching is carried out by placing each thumb under
the upper teeth and the index or middle fingers over the
lower teeth and pushing the teeth open.

Joint Manipulation Techniques  VIDEO 15.4
Patient position and procedures: Supine or sitting, with
the head supported and stabilized. Perform joint techniques
with a gloved hand or hands. Determination of dosages and
precautions for administration of manipulative techniques
are described in Chapter 5.

■  Unilateral distraction (Fig. 15.19 A). Use the hand opposite
the side on which you are working. Place your thumb in
the patient’s mouth on the back molars; the fingers are 
outside and wrapped around the jaw. The force is in a
downward (caudal) direction.

■  Unilateral distraction with glide (Fig. 15.19 B). After 
distracting the jaw as described above, pull it in a forward
(anterior) direction with a tipping motion. The other 
hand can be placed over the TMJ to palpate the amount 
of movement.

■  Bilateral distraction (Fig. 15.20). If the patient is supine,
stand at the head of the treatment table. If the patient is 
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sitting, stand in front of the patient. Use both thumbs, plac-
ing them on the molars on each side of the mandible. The
fingers are wrapped around the jaw. The force from the
thumbs is equal in a caudal direction. 

■  Self-manipulation. Place cotton dental rolls between the
back teeth and have the patient bite down. This distracts
the condyles from the fossae in the joints.

Reduction of Upper Quarter Muscle
Imbalances
Identify flexibility and strength imbalances in the upper quar-
ter. Stretch restricting postural muscles, teach relaxation, and
then retrain for proper muscle control. Cervical and shoulder
postural stretching and retraining exercises are described in
Chapters 16 and 17, respectively.
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FIGURE 15.19 Unilateral mobilization of the temporomandibular
joint. (A) Distraction is in a caudal direction. (B) Arrow indicates 
distraction with glide in a caudal, then anterior direction. FIGURE 15.20 Bilateral distraction of the temporomandibular joint

with the patient supine.

Independent Learning Activities

Critical Thinking and Discussion
1. What are the functional differences between the way the

cervical spine and lumbar spine are used in daily activities?
2. Explain how different individuals who sustain back in-

juries can experience different symptoms of radiating pain
down the leg, numbness and tingling into the foot, deep
aching down the leg, or no leg symptoms at all. What does
each of these symptoms mean?

3. Explain why some people experience diminished symptoms
and improved function if the emphasis of intervention is
spinal extension, whereas others improve if the emphasis of
intervention is spinal flexion.

4. Identify three common causes of musculoskeletal headaches.
What are the indications of headaches that could be identi-
fied that would warrant a referral to a medical physician?

Laboratory Practice
1. Practice identifying cervical and lumbar spine positions

when in the supine, prone, side-lying, sitting, and standing

positions. Determine what is needed to change the position.
For instance, if flexion is emphasized, what is needed to
cause extension?

2. Identify and feel what happens to the various portions of
the spine when moving from one position to another, such
as rolling supine to prone and return, moving from supine
to sit, moving from sit to stand, and reverse.

3. Practice methods for developing gentle isometric muscle
contractions that could be used during the acute phase of
treatment for both the cervical and lumbar spines.

4. Practice the various proprioceptive exercises and manip-
ulation techniques for the TMJ region.

5. Create a list of pros/cons comparing and contrasting cervical
mobilizations with high velocity thrust techniques. What
are the safety precautions associated with these techniques?
Perform the vertebral artery test on a lab partner. Given a
low sensitivity, how does this affect your interpretation of
the test results?
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Case Studies
Case 1
A 45-year-old man sustained injuries in a rear-end collision 
4 days ago (a car hit him going approximately 45 mph while he
was stopped at a stop light). He was in an older car without an
air bag or properly positioned headrest, although he was wear-
ing a seatbelt. Initially, he hit the headrest at the mid-cervical
spine as his neck extended, and then his head flexed forward
but did not hit anything. He has been cleared of cervical frac-
tures or instability. Medical history is unremarkable; he is a 
social drinker and gave up smoking 5 years ago. He is an ac-
countant and usually works long hours at a computer but has
been unable to work since the accident. He presents wearing a
cervical collar and has a facial expression of distress. He states
he has had difficulty sleeping because the pain wakes him
whenever he moves.

Pain: constant posterior cervical pain, headaches, and pain
radiating into the shoulder region bilaterally; intermit-
tent tingling in the right thumb, index, and middle 
finger. Pain rated at 8/10 when at rest, 10/10 when attempt-
ing to move.

Positive findings: guarded forward-head posture. He is un-
willing to move more than 10° into flexion or extension,
25° into side bending bilaterally; minimal rotation. Gentle
traction to the head relieves the neurological symptoms.
Palpation tenderness in upper trapezius and posterior
cervical and anterior throat muscles bilaterally. Increased
tenderness along facet margins of C4–5, 5–6 and 6–7,
right > left.
■ Based on the above impairments and functional limi-

tations, identify goals and interventions for this patient.
Describe the techniques you would use and practice
them on a lab partner.

■ How long do you anticipate the patient will have these
symptoms? At what point will you change your goals?

Case 2
Assume you did not see the patient described in Case Study 1
until 4 weeks after the accident. He no longer has constant
pain and has returned to work. His complaints are an inability
to sit at the computer for more than 30 minutes before his
hand starts to tingle. Numbness occurs after 1 hour of work.
Headaches begin within 2 hours of work. Neck and shoulder
pain is 6/10 by midday at which time he takes NSAIDs so he
can continue working. Positive tests include forward-head
posture with forward shoulders; decreased flexibility in the
suboccipital muscles, anterior thorax, and internal rotators of
the shoulder. Cervical flexion is 75%, extension 50%, and side
bending and rotation 75% bilaterally. Sustained extension of
the cervical spine causes tingling in the thumb, index, and
middle finger of the right hand. Strength of scapular adduc-
tors and lateral rotators of the shoulder is 4/5; myotome test-
ing is normal bilaterally.

■ What are your goals and interventions for this patient at
this stage?

■ After studying the techniques described in Chapter 16, de-
scribe the techniques you would use with this patient and
practice them on a laboratory partner.

■ For each therapeutic exercise technique, practice progres-
sions and determine how you would progress this patient
so he could work without exacerbation of symptoms.

Case 3
A 55-year-old woman presents with early signs of degenera-
tive joint disease of the lumbar spine. She has been an active
runner since college. Occasionally, she has participated in aer-
obic dance classes. Her history is unremarkable. She has three
grown children and had no complaints of back pain related
to the pregnancies.

Current symptoms: intermittent periods of pain extending
from the mid-lumbar spine, through the right buttock
and posterior thigh. The pain begins 15 minutes into her
running and progresses to an 8/10 by 25 to 30 minutes.
She also complains of increased stiffness after sitting 
> 1 hour, standing > 15 minutes, as well as when waking
in the morning and getting out of bed. She is a middle-
school teacher and track coach for a girls’ high school
team.

Key findings: lordotic posture, with tight low back, hip
flexors, and tensor fasciae latae. Strength of lower ab-
dominals is 4/5. Forward bending of the spine increases
tension in low back, repeated backward bending and
prone press-ups increase buttock pain. Side bending is
decreased 25%, with some discomfort with overpressure
into right side bending.
■ Based on these impairments and limitations, identify

the irritability of the condition and determine goals
and intervention.

■ What are the most important factors to emphasize
with this individual to help her manage her symptoms?

■ After studying the exercises in Chapter 16, practice the
techniques you would have this patient do. Also, prac-
tice how you would progress the techniques and what
criteria you would use for progressions.

Case 4
A 42-year-old man presents with a medical diagnosis of HNP
at the L5–S1 area. Present symptoms began 4 days ago when
rising out of bed. He is a sedentary person who plays social
golf on the weekends (rides in a cart) and is 50 lb overweight.
He has had occasional episodes of LBP over the past 15 years,
but “nothing like this.”

Medical history: smokes one pack of cigarettes per day and
is on blood pressure medication. He describes the symp-
toms as a sharp pain beginning in the left buttock region
and radiating down the back of the thigh; there is inter-
mittent paresthesia along the lateral border of his foot,
which is noticeable when sitting. He describes a consid-
erable increase in symptoms when attempting to rise
from bed or from a chair or when straining. He has been
unable to walk because he cannot stand upright. On 
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observation, you note that the patient is standing with
a posterior pelvic tilt and forward-bend of the trunk and
the thorax is deviated to the right.

Examination maneuvers: all spinal flexion motions in-
crease symptoms; side gliding of the thorax to the left
followed by lumbar extension centralizes the symptoms
primarily to buttock and LBP.
■ Based on this information, identify the impairments

and functional limitations. What type of intervention
should be used?

■ Develop a sequence of treatment techniques that you
would use during the first visit. Include instructions
and precautions. Practice the techniques.

Case 5
A 61-year-old male underwent a transforminal lumbar inter-
body fusion at the levels of L4–S1 approximately 8 weeks ago.
He is a retired high school teacher and would like to return
to working in his yard and playing golf. He states his pain is
localized to his low back region with a 3/10 with activity. His
current complaints include difficulty standing from low sur-
faces, such as the commode and the couch. He also feels he
has decreased endurance, as he is unable to walk his dog more
than 10 minutes in the morning. He would like to be able to
walk for up to 1 hour. 

Medical history: patient reports he drinks one glass of wine
with dinner and does not smoke. He has a positive 
history for hypertension. All other medical history is 
unremarkable.

Examination: patient has full trunk ROM with pain re-
ported at end-range in all directions. Patient has bilateral
4/5 knee extension and 3+/5 hip flexion strength. 
Abdominals are 3/5. Sensation is intact to light touch 
bilaterally throughout his lower extremities. Patient 
ambulates without an assistive device but is still wearing
a removable lumbar orthotic (chair-back brace) for the
next 4 weeks. The physician has told the patient not to
lift anything heavier than 20 pounds.
■ What are your goals and interventions for this patient

at this stage?

■ After studying the techniques described in Chapter
16, describe what you would use with this patient at
his current level of function and practice the regimen
on a lab partner. What criteria would you use to
progress his exercises? How would you incorporate
functional progressions in his exercise routines?

■ How would you discuss with your patient the resump-
tion of his activities of yard work and golf? What
modifications/precautions should he make?

Case 6
A 22-year-old female presents with left side TMJ pain with an
onset of approximately 6 months ago. She is a graduate stu-
dent (law school) and reports she has been extremely busy in
school. She also reports she is planning her wedding, which
will occur in 3 months. She cannot recall any previous trauma.
She has been to the dentist, and he cleared her from any dental
pathologies (abscess, fracture, etc.). The current complaint is
pain with chewing and limited opening, especially with yawn-
ing. Her past medical history is unremarkable.

Examination: she has forward head posture with increased
cervical lordosis and no deviation in the frontal plane.
Bilateral upper extremity strength and sensation are
normal and symmetrical. Cervical range of motion is
approximately 25% limited with flexion and bilateral 
rotation. Patient demonstrates TMJ opening 50% of
normal and lateral excursion 75% of normal. There is
pain with palpation at the muscle bellies of the masseter
and temporalis.
■ Based on this information, identify the impairments

and functional limitations. What type of intervention
should be used?

■ Develop a sequence of treatment techniques that you
would use during the first visit. Include instructions
and precautions. Practice the techniques.

■ Identify methods the patient can use to manage
and/or decrease her stress.
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Basic spinal anatomy, mechanics, and posture are presented
in Chapter 14. In Chapter 15, the pathomechanics, common
pathologies, and management guidelines related to the spine
are presented. The management guidelines are outlined based
on stages of healing as well as subgroupings based on diagnos-
tic categories that reflect impairments and movement disor-
ders. Chapter 16 is a continuation of this material in which 
the techniques of intervention using therapeutic exercise and
mobilization/manipulation for management of neck and
trunk impairments are described.

This chapter is divided into six main sections. The first 
section describes the underlying concepts and approaches to 
exercise interventions for spinal impairments. Each of the 
remaining five sections describes components of exercise in-
terventions for the neck and trunk. The topics covered include
exercises for kinesthetic awareness, mobility/flexibility (includ-
ing manipulation), muscle performance (including stability,
muscle endurance, and strength), cardiopulmonary endurance,
and functional activities. Stress relief and relaxation principles
and techniques, important components of total rehabilitation,
are covered in detail in Chapter 14.

Basic Concepts of Spinal
Management With Exercise

It is important to recognize that even though the material in
this chapter is presented in separate sections, there is an overlap
in the use of the techniques described in each section, and there
are fundamental interventions basic to all exercise programs.

Fundamental Interventions

When patients seek treatment from a physical therapist, they
come with different diagnoses, impairments, and activity limi-
tations and are at different stages of tissue healing. Yet the treat-
ment plan for each patient must begin with fundamental
interventions in order to lay the foundation on which to build
an effective therapeutic exercise program. Fundamental inter-
ventions are defined as exercises or skills that all patients with

spinal impairments should learn regardless of their functional
level at the time of examination and initial treatment. The 
interventions include basic kinesthetic training, basic spinal 
stabilization training, and functional training of basic body 
mechanics. These interventions are summarized in Box 16.1.

492 Fundamental Interventions

Cross-Country Skiing and Ski
Machines  537

Swimming  537
Upper Body Ergometers  537
Step Aerobics and Aerobic 

Dancing  537
Cross Fit  537
“Latest Popular Craze”  538

Functional Activities  538

Early Functional Training: Fundamental
Techniques  538

Preparation for Functional Activities:
Basic Exercise Techniques  538

Weight-Bearing Exercises  539
Transitional Stabilization 

Exercises  540

Body Mechanics and Environmental
Adaptations  540

Principles of Body Mechanics:
Instruction and Training  540

Environmental Adaptations  541

Intermediate to Advanced Exercise
Techniques for Functional Training  542

Repetitive Lifting  542
Repetitive Reaching  542
Repetitive Pushing and Pulling  542
Rotation or Turning  542
Transitional Movements  542
Transfer of Training  542

Patient Education for Prevention  542

Independent Learning Activities  543

BOX 16.1 Fundamental Exercise Interventions
for Spinal Rehabilitation

These fundamental interventions are adapted or modified
based on patient abilities and responses.

Kinesthetic Training
■ Awareness and control of safe spinal motion: head nodding

and pelvic tilts
■ Awareness of neutral spinal position (if needed begin in the

patient’s spinal bias) while supine, prone, sitting, and
standing

■ Awareness of effects of activities of daily living and
extremity motion on the spine (see Functional Training)

Stabilization Training
■ Deep segmental muscle activation and sustained

contraction
■ Cervical region: controlled axial extension (cervical

retraction) with craniocervical flexion and lower
cervical/upper thoracic extension

■ Lumbar region: drawing-in maneuver and multifidus
muscle activation techniques

■ Superficial multi-segmental (global) muscle control of spinal
posture with extremity loading

■ Passive support of spinal posture only if needed; progress
to active control

■ Coordinate segmental muscle activation with maintenance
of a stable spine in neutral spinal position (or position of
bias) with all arm and leg motions

Functional Training (Basic Body Mechanics With
Stable Spine)
■ Log roll supine to prone, prone to supine
■ Transition from supine to side-lying to sitting and return
■ Transition from sit to stand and return
■ Walking
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Once the fundamental skills are learned, exercise interven-
tions then progress on a continuum at the level of the patient’s
abilities and willingness to learn. For example, a patient be-
ginning treatment with chronic symptoms several months
after the onset of symptoms must first become aware of po-
sitions or activities that increase the symptoms and then learn
how to move the spine safely as well as learn what effects the
various postures and movements have on symptoms (funda-
mental kinesthetic awareness). The patient must learn how to
activate the deep segmental stabilizing musculature and then
how to use the deep stabilizers with the global musculature
to stabilize the spine against various extremity loading exer-
cises (fundamental muscle performance). Finally, the patient
must learn basic body mechanics (fundamental functional 
activities) in order to minimize stresses to the spine during
daily activities before progressing to exercises that can be 
tolerated at the chronic stage of healing and returning to 
desired functional activities. 

The fundamental exercises are described in detail preced-
ing the exercise progressions in each of the respective sections
of this chapter. The principles of management are similar for
the cervical and lumbar spinal regions, and many of the same
techniques may be used or modified for both regions.

Patient Education

Patient education is the key component of every goal and in-
tervention. It encompasses several ideas. First, the patient is
an active participant in identifying the desired goals; educa-
tion as to potential outcomes is part of this process. Second,
the patient may need to be informed about limitations at each
stage of healing, so he or she will not become concerned that
the acute symptoms will be forever disabling, but also will not
“overdo” exercises and activities during the early subacute phase
that cause exacerbation of symptoms. The patient may then
need to be challenged to progress beyond perceived limitations
during the later stages of recovery.

To ensure that each individual develops control over and
learns to manage the symptoms and any impairments, it is im-
portant that the patient is engaged in all activities at each stage
of recovery and is not just a passive recipient of “treatment.”
Instruct the patient on how to safely progress self-management
beyond the time spent under professional supervision so he
or she can reach the maximum level of functional return with
minimal activity or participation restrictions.

Finally, the patient needs instruction in prevention. This
includes safe ways to exercise, safe body mechanics for return
to high-intensity activities, modification of the work and
home environment, and activities to minimize stresses.

 FOCUS ON EVIDENCE
The Clinical Practice Guidelines (CPGs) for Low Back Pain,
based on moderate evidence, recommend patient education

and counselling to include promoting the inherent anatomi-
cal/structural strength of the spine, the explanation of pain,
the favorable prognosis of low back pain (LBP), use of pain
coping strategies, early resumption of normal activities, and
improvement of activity levels.17

General Exercise Guidelines

Therapeutic exercise is an important intervention in the man-
agement of impairments in the spinal region. Although this
text does not deal with specific examination techniques, it is
critical to emphasize the importance of identifying each pa-
tient’s structural and functional impairments, their activity
and participation restrictions, and the stage of tissue healing
or stage of rehabilitation in order to establish a baseline for
the initiation of intervention techniques and to measure
progress toward the outcome goals. 

In general, the following components of physical function
are used in all intervention programs for spinal problems.
These five areas are listed in Table 16.1 with interventions out-
lined for each phase of rehabilitation. The interventions 
are described in detail in the remaining sections of this 
chapter. Prior to developing an exercise program, it is impor-
tant that the reader has knowledge of various spinal patholo-
gies and the special precautions and contraindications (see
Chapter 15), so each patient can safely achieve his or her max-
imum potential.

Kinesthetic Awareness
One of the fundamental interventions for spinal rehabilitation
is for the patient to develop awareness of safe spinal positions
and spinal movement as well as what effect the supine, prone,
side-lying, sitting, and standing positions have on the spine.
Awareness of what postures make the symptoms better or
worse and identifying the neutral spinal position or position
of bias are important in helping patients manage their symp-
toms. Awareness and control of spinal posture and movement
are progressed and incorporated into all the exercises described
in the remaining sections of this chapter and underlie exercises
for the extremities as well.

Mobility/Flexibility
Stretching and flexibility exercises as well as mobilization/
manipulation techniques are used to increase mobility of re-
stricting tissues so the patient can assume an effective position
of the spine when exercising to improve muscle performance
and functional outcomes. For patients who fit the Mobilization/
Manipulation diagnostic category (described in Chapter 15),
spinal manipulation techniques or specific high-velocity thrust
(HVT) techniques may be indicated during the early interven-
tion period and then followed with stretching exercises. Nerve
mobilization may be indicated in either the cervical/upper 
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494 General Exercise Guidelines

TABLE 16.1 Intervention for Each Phase of Rehabilitation

Phases of Phase I: Phase II: Phase III: 
Rehabilitation Early Training Basic Training: Intermediate to 

Advanced Training 
Intervention Maximum to moderate Controlled motion Return to function 

protection of injured area, with moderate to with minimum to 
pathologically involved minimum protection no protection
tissues, or painful region

Five components of exercise intervention

Kinesthetic awareness
■ Proprioception training 

of safe movement and 
postures

Mobility/flexibility
■ Move, stretch, 

manipulate restricting 
tissues

Muscle performance
■ Stabilization training 

(deep muscles for 
segmental stability, 
global muscles for 
general stability)

■ Muscle endurance
■ Strength and power

Cardiopulmonary 
Endurance
■ Aerobic training

Functional Activities
■ Body mechanics
■ Skill in home, 

community, work, 
recreation, sport 
activities

*Fundamental interventions for all patients.

■ Pelvic tilt /cervical
retraction: passive —>
active assist —> active in
comfortable positions*

■ Awareness of what makes
symptoms better vs.
worse*

■ Learn neutral spine 
(or bias)*

■ Movement to relieve fluid
stasis

■ Trunk stretching: only in
pain-relieving positions

■ Extremity stretching:
stretch U/LE if no stress 
to the spine

■ Manipulation: grades I 
and II

■ High-velocity thrust if
indicated 

■ Activation of deep
musculature*

■ Stabilization exercises
with extremity loading
(use of passive positioning
of spine with pillows,
splints, corsets if
necessary)*

■ Only if tolerated with
maximum protection in
position of comfort

■ Safe postures for
recumbent, sitting, and
standing*

■ Stable-spine techniques
while rolling over, moving
supine to sit, sit to stand*

■ Active spinal control in
supine, prone, quadruped,
sitting, standing

■ Dynamic maintenance of
pain-free position with
activities

■ Gentle spinal movement
into painful range

■ Stretch U/LE muscles;
stabilize spine in position
of bias

■ Manipulation: progress to
grade III

■ Stabilization exercises
with extremity loading
(active control of spine
position)

■ Emphasize muscle
endurance

■ Perturbation training
■ Low-intensity dynamic

spinal exercises

■ Low to moderate intensity
with moderate to minimal
protection.

■ Use activities that
emphasize spinal bias

■ Strengthen U/LE while
stabilizing spine

■ Stable spine body
mechanics

■ Environmental and
ergonomic adaptations

■ Habitual use of neutral
spine in all functional
activities

■ Move into painful ranges
to stretch and manipulate
as indicated 

■ Stabilization with
transitional motions and
functional activities;
emphasize strength

■ Progression to dynamic
trunk strengthening

■ Progress trunk and
extremity strengthening
exercises in patterns that
reinforce activity goals

■ High-intensity (target heart
rate), multiple times per
week

■ High-intensity functional
activities

■ Endurance and
strengthening activities
that replicate return to
desired activities

■ Practice prevention
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extremity or lumbar/lower extremity regions. Indications and
techniques are described in Chapter 13. 

NOTE: The terms mobilization and manipulation are used in-
terchangeably (see Chapter 5). The authors of this chapter are
using manipulation to refer to graded oscillation techniques and
HVT to refer to high-velocity, small-amplitude techniques per-
formed at the end of the pathological limit of the joint.

Muscle Performance
In the spine, muscle performance involves not only strength,
power, and endurance, but also stability. Activation of the
deep segmental muscles as well as the superficial/global multi-
segmental muscles of the neck and trunk are fundamental
techniques for developing spinal stability. Initially, emphasis
is placed on awareness of muscle contraction and control of
spinal position while moving the extremities and performing
basic functional activities. Exercises are then progressed to
challenge the holding capacity of the stabilizing muscles, em-
phasizing muscle endurance, balance, and strength. Once the
individual learns effective stabilization and management of
symptoms, dynamic neck and trunk strengthening exercises
are initiated to emphasize strength in the full range of motion
(ROM). Most people are familiar with trunk curls, “crunches,”
and back lifts. The emphasis of therapeutic exercise is safe 
execution of the exercises combined with respect of the bio-
mechanics of the spine. Exercises should be chosen with the
functional outcome goals in mind and integrated with the
principles discussed in the Functional Activities section of this
chapter.

Cardiopulmonary Endurance
Aerobic conditioning exercises are initiated as soon as the pa-
tient tolerates repetitive activity without exacerbating symp-
toms. Emphasis is placed on using safe spinal postures while
exercising. Aerobic activity increases the patient’s feeling 
of well-being and improves cardiovascular and pulmonary
fitness. Principles of aerobic conditioning are detailed in
Chapter 7 and summarized in this chapter, along with sug-
gestions for safe application of aerobic exercises when there
are spinal impairments.

Functional Activities
Fundamental functional activities include training the basic
body mechanics of rolling, supine to sit, sit to stand (and re-
verse), and walking. These activities are coordinated with
kinesthetic training and segmental muscle activation and sta-
bilization exercises. When the patient is able, stabilization ex-
ercises, muscle endurance, and strengthening exercises are
integrated with skills for body mechanics (lifting, pushing,
pulling, carrying), safe work habits (ergonomic adaptations),
and effective recreational or sport activities to meet the goals
of the individual.

 FOCUS ON EVIDENCE
The CPGs for Neck Pain12 and for Low Back Pain17 identify
strong evidence for manipulation and thrust techniques to 
reduce pain and disability with mobility impairments; strong
evidence for trunk coordination, strengthening, and endurance
exercise; and strong evidence for progressive endurance and fit-
ness activities when treating patients with back and neck pain.
There is also strong evidence supporting interventions for 
subgroups that respond with centralization and directional
preference exercises. 

Kinesthetic Awareness

Goal. To develop proprioception of spinal positioning, safe
movement, and postural control.

Elements of Functional
Training: Fundamental
Techniques

Position of Symptom Relief
It is important that the patient learn how to move the spine and
find the range or position in which symptoms are minimized.
The position of symptom relief is called the position of bias or
the resting position. The neutral spine position is midrange; the
patient may or may not feel most comfortable in that position
initially. See Chapter 15 for a discussion on spinal bias as it 
relates to relief of symptoms and common pathologies.

Cervical Spine
Patient position and procedure: Begin supine; progress to
sitting and other functional postures as tolerated.

■  If the patient is experiencing a lot of pain and is not able
to, or not wanting to, move their head, begin with passive
movements. Passively move the head and neck with gentle
nodding motions of the head into flexion and extension,
side bending, and/or rotation to find the most comfortable
position for the patient. If necessary, prop the head and
neck with pillows.

■  Describe the mechanics of what you are doing to the patient.
■  Have the patient identify the change in symptoms as 

movement occurs in and out of the position of bias.
■  Have the patient practice moving into and out of that 

position to develop control.
■  If the patient cannot maintain this position while sitting

and standing, wearing a cervical collar may be appropriate
during the acute stage following an injury or postsurgically,
but it is important to use judiciously, so the patient does
not become dependent on it.
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Lumbar Spine
Patient position and procedure: Begin supine or hook-
lying, then sitting, standing, and quadruped.

■  Teach the patient to move his or her pelvis into an anterior
and posterior pelvic tilt through the range that is comfortable.

■  Once the patient has moved the pelvis and spine through
a safe range of motion (ROM), instruct him or her to find
the position of greatest symptom relief.

■  If active movement and control are not possible, teach pas-
sive positioning (see Chapter 15, Box 15.6). Have the patient
assume each of the following positions, and draw the asso-
ciation between the spinal position and what is felt. While
supine, passively position the pelvis in posterior tilt and lum-
bar spine in flexion by placing the lower extremities in the
hook-lying position or anterior tilt and lumbar spine exten-
sion by placing a small pillow or folded towel under the lum-
bar spine. If prone lying is tolerated, position the lumbar
spine in extension when lying flat or in flexion by placing
one or two pillows under the abdomen. Sitting encourages
spinal flexion; if extension is more comfortable, instruct the
person to use a lumbar pillow for support. Standing usually
causes spinal extension; if flexion is desired, instruct the per-
son to place one foot up on a stool while standing.

Effects of Movement on the Spine
Once the functional spinal position is determined, it is impor-
tant for the patient to feel and learn what motions make the
symptoms better or worse. In general, movement of the extrem-
ities away from the trunk (shoulder flexion and abduction, hip
extension and abduction) causes spinal extension; movement
of the extremities toward the trunk (shoulder extension and 
adduction, hip flexion and adduction) causes spinal flexion.

■  Have the patient find the neutral or functional spine posi-
tion (bias); then move the arms and then the legs to feel the
effect on the spine. Control of the spinal position is empha-
sized; have the patient practice the arm and leg motions and
attempt to maintain control of the spinal position. These
motions are the same as the basic stabilization exercises and
are described in detail in the muscle performance section.

■  If the patient cannot maintain control or the symptoms are
made worse, he or she requires passive support or passive
positioning when initiating the stabilization exercises.

Blending of Kinesthetic Training,
Stabilization Exercises, and
Fundamental Body Mechanics
Once awareness of safe positions and movement is learned,
teach the patient the fundamental stabilization techniques for
developing neuromuscular control of the position (see the
Muscle Performance section of this chapter) and teach the fun-
damental body mechanics of rolling, moving supine to sit, sit
to stand, and ambulation (see the Functional Activities section
of this chapter).

Progression to Active and
Habitual Control of Posture

Awareness and control of posture is described in detail in
Chapter 14 (see General Management Guidelines for Impaired
Posture and Box 14.1). The use of reinforcement techniques
(verbal, visual, tactile) is described, as are activities to train cer-
vical, scapular, thoracic, and lumbopelvic alignment and con-
trol. It is important to reinforce the relationship between faulty
posture and the development of painful symptoms and to
identify a need for postural support (temporary or long term).

Integrate the awareness of posture and control of the spinal
segments into all stabilization exercises, aerobic conditioning,
and functional training activities. Observe the patient as greater
challenges to activities are performed and, if necessary, provide
reminders to find the neutral spinal position and to initiate
contraction of the stabilizing muscles prior to the activity. For
example, when reaching overhead, help the patient become
aware of the need to contract the abdominal muscles to main-
tain a neutral spine position and not allow the spine to extend
into a painful or unstable range; this is practiced until the sta-
bilization becomes habitual. This principle is also incorporated
into body mechanics, such as when going from picking up and
lifting to placing an object on a high shelf, or into sport activi-
ties when reaching up to block or throw a ball.

Mobility/Flexibility

Goal. To increase ROM of specific structures that affect
alignment and mobility in the neck and trunk.

In general, stretching is contraindicated in the region of in-
flamed tissue. However, if there are postures that relieve symp-
toms but are difficult to assume because of tissue restriction or
fluid stasis, stretching or repetitive movement into the restricted
range may be appropriate. For example, repetitive lumbar ex-
tension has been shown to relieve symptoms of fluid stasis or a
disc lesion, yet a patient may not be able to get into an extended
posture because of flexed postural dysfunction or swollen tissue.
Prone propping and press-ups may stretch the tight tissue or
may compress and massage swollen disc material or fluid stasis
to reduce symptoms (see Fig. 15.4 and the section on Manage-
ment Guidelines: Extension Bias in Chapter 15.)

Acute nerve root irritation from bony spurs or lipping in an
arthritic spine is another situation in which acute symptoms
may be relieved with stretching. Reducing pressure on the nerve
roots with a stretch traction force, which widens the interver-
tebral foramina, or with procedures that help position the spine
in its optimal spinal position may relieve the symptoms.1

Decreased mobility in structures in the upper and lower
extremities that restrict normal postural alignment may be
stretched or mobilized if the techniques do not stress the area
of inflammation.

Stretching is done on a continuum. Critical judgment is
used to determine the intensity and duration of stretch based
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on proximity to the healing tissue and the integrity and toler-
ance of the tissue. Principles of stretching for impaired mobility
are described in Chapter 4.

Joint manipulation techniques and specific HVT tech-
niques may be used to stretch a hypomobile facet joint 
capsule. Principles of joint manipulation are described in
Chapter 5; indications for their use in the spine are identified
in Chapter 15 in the Management Guidelines: Mobilization/
Manipulation section.

If indicated, the patient is also taught general stress-relieving
movements to reduce fluid stasis after being in prolonged pos-
tures. These movements are described in Chapter 14 in the
Management of Impaired Posture section.

CLINICAL TIP
In general, stretching is contraindicated in the region of in-
flamed tissues.

Exceptions:

■  Fluid stasis that restricts movement may respond to repet-
itive motion or sustained positioning into restricted range.

■  Acute nerve root impingement may be relieved with trac-
tion or flexion to widen the intervertebral foramina.

Use clinical judgment to determine intensity and duration
of stretch based on proximity to healing tissue, integrity, and
tolerance of the tissue. 

Cervical and Upper Thoracic
Region: Stretching Techniques

Techniques to Increase Thoracic
Extension
Self-Stretching
■  Patient position and procedure: Hook-lying, with the hands

behind the head and the elbows resting on the mat.
Progress with both arms elevated overhead while maintain-
ing back flat on the mat. To increase the stretch, place a pad
or rolled towel lengthwise under the thoracic spine between
the scapulae. Incorporate breathing exercises to increase
mobility of the rib cage and assist with thoracic extension.
Have the patient start with the elbows together in front of
the face and then inhale as the elbows are brought down to
the mat; hold the stretch position; then exhale as the elbows
are brought together again.

■  Patient position and procedure: Supine, with a foam roll
placed longitudinally down the length of the spine. If the
patient cannot balance on the roll or experiences tender-
ness along the spinous processes from pressure, tape two
foam rolls together. The patient elevates both arms over-
head in a “touchdown” position and allows gravity to apply
the stretch force (Fig. 16.1 A). The patient then abducts and

laterally rotates both shoulders (90/90 position) so the
hands are facing the ceiling (Fig. 16.1 B). This position also
stretches the pectoralis major and subscapularis muscles.
Breathing exercises can be added to mobilize the ribs.

■  Patient position and procedure: Sitting on a firm, straight-
backed chair with the hands behind the head or held ab-
ducted and externally rotated 90°. The patient then brings
the elbows out to the side as the scapulae are adducted and
the thoracic spine is extended (head held neutral, not
flexed). To combine with breathing, have the patient inhale
as he or she takes the elbows out to the side and exhale as
the elbows are brought in front of the face (Fig. 16.2).
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A

FIGURE 16.1 Foam roll stretch to increase flexibility of anterior tho-
rax. (A) In the “touchdown” position, the shoulder extensors are also
stretched. (B) With the shoulders abducted and laterally rotated, the
pectoralis major and other internal rotators are also stretched. For a
less intensive stretch, use a rolled towel placed longitudinally under
the spine.

FIGURE 16.2 (A) Increase flexibility of anterior thorax and pec-
toralis muscles by adducting the scapula and extending the thoracic
spine against the back of the chair. Inspiration increases the stretch;
(B) facilitate expiration by bringing the elbows together and flexing
the spine.

A B
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Techniques to Increase Cervical
Retraction (Axial Extension): Scalene
Muscle Stretch

CLINICAL TIP
Because the scalene muscles are attached to the transverse
processes of the upper cervical spine and the upper two ribs,
they either flex the cervical spine or elevate the upper ribs
when they contract bilaterally. Unilaterally, the scalenes side
bend the cervical spine to the same side and rotate it to the
opposite side. To effectively stretch this muscle, stabilize the
head and apply the stretch force against the upper portion of
the rib cage.

Manual Stretching

Patient position and procedure: Sitting. The patient first per-
forms axial extension (tucks the chin and straightens the neck)
and then side bends the neck opposite and rotates it toward the
tight muscles. Stand behind the patient and stabilize the head
with the one hand around the side of the patient’s head and
face, holding the head against your trunk or shoulder. Place the
other hand across the top of the rib cage on the side of tightness
(Fig. 16.3). Instruct the patient to inhale and exhale; apply a
downward pressure (resisting elevation of the rib cage) as the
patient inhales again. As the patient relaxes (exhales), take up
the slack. Repeat. This is a gentle, hold-relax stretching maneu-
ver. This technique can also be done in supine.

Self-Stretching
Patient position and procedure: Standing next to a table
and holding onto its underside. The patient positions the
head in axial extension, side bends opposite, and rotates 
toward the same side as the muscle being stretched. To stretch,
he or she leans away from the table, inhales, exhales, and holds
the stretch position.

Techniques to Increase Upper Cervical
Flexion: Suboccipital Muscle Stretch
Manual Stretching
Patient position and procedure: Sitting. Identify the spinous
process of the second cervical vertebra and stabilize it with your
thumb or with the second metacarpophalangeal joint (and the
thumb and index finger around the transverse processes). Have
the patient slowly nod, doing just a tipping motion of the head
on the upper spine (Fig. 16.4). Guide the movement by placing
the other hand across the patient’s forehead.
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FIGURE 16.3 Unilateral active stretching of the scalenus muscles
(manual stretch). The patient first performs axial extension, then
side-bends the neck opposite and rotates it toward the tight mus-
cles. The therapist stabilizes the head and upper thorax as the pa-
tient breathes in, contracting the muscle against the therapist’s
resistance. As the patient relaxes, the rib cage lowers and stretches
the muscle.

FIGURE 16.4 Stretching the short suboccipital muscles. The thera-
pist stabilizes the second cervical vertebra as the patient slowly nods
the head.

Self-Stretching
Patient position and procedure: Supine or sitting. Instruct
the patient to first perform a chin tuck (axial extension), then
nod the head, bringing the chin toward the larynx until a
stretch is felt in the suboccipital area.

■  Have the patient put a light pressure under the occipital re-
gion with the palm of his or her hand while tipping the
head forward to reinforce the motion.

■  For a unilateral stretch, instruct the patient to first perform
a chin tuck, rotate slightly (up to 45°) to the left or right,
and then nod.
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■  Place one hand over the forehead and the other hand under
the occiput (Fig. 16.5 B).

■  Place the index fingers around the spinous process above
the vertebral level to be moved. This hand placement pro-
vides a specific traction only to the vertebral segments
below the level at which the fingers are placed. A belt
around the therapist’s hips can be used to reinforce the fin-
gers and increase the ease of applying the traction force
(Fig. 16.5 C).

Procedure: Vary the patient’s head position in flexion, ex-
tension, side bending, and side bending with rotation until
the tissue to be stretched is taut; then apply a traction force
by assuming a stable stance and leaning backward in a con-
trolled manner. If a belt is used, the force is transmitted
through the belt. The force is usually applied intermittently
with smooth and gradual building and releasing of the force.
The intensity and duration are usually limited by the thera-
pist’s strength and endurance.

CLINICAL TIP
When applying cervical traction, the more a person’s head is
flexed, the lower in the cervical spine the traction force is di-
rected. When side bending, caution should be used because
the position may cause facet and foramen approximation on
the side of the concavity, which, in turn, may cause radicular
or facet joint symptoms on that side.

Self-Traction: Cervical Spine
Patient position and procedure: Sitting or lying down. Have
the patient place his or her hands behind the neck with the
fingers interlocking; the ulnar border of the fingers and hands
are under the occiput and mastoid processes. The patient then
gives a lifting motion to the head. The head and spine may be
placed in flexion, extension, side bending, or rotation for more
isolated effects. He or she may apply the traction intermittently
or in a sustained manner throughout the day.
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NOTE: The weight of the head is enough stretch force in these
exercises; the patient should not pull on the head when there
is cervical pathology.

CLINICAL TIP
Shoulder girdle posture is directly related to cervical and tho-
racic posture. Techniques to increase flexibility in the shoulder
girdle muscles are described in Chapter 17. Of primary 
importance:

■  Pectoralis major (see Figs. 17.30 to 17.32)
■  Pectoralis minor (see Fig. 17.33)
■  Levator scapulae (see Figs. 17.34 and 17.35) 
■  Shoulder internal rotator muscles (see Fig. 17.26)

Traction as a Stretching Technique
Manual Traction: Cervical Spine
Traction techniques can be used for the purposes of stretching
the muscles and the facet joint capsules and widening the in-
tervertebral foramina.72 The value of manual traction is that
the angle of pull, head position, and placement of the force
(via specific hand placements) can be controlled by the ther-
apist; thus, the force can be specifically applied with mini-
mum stress to regions that should not be stretched.

Patient position: Supine on a treatment table. The patient
should be as relaxed as possible.

Therapist position and hand placement: Standing at the
head of the treatment table, supporting the weight of the pa-
tient’s head in the hands. Hand placement depends on comfort,
the size of the patient’s head and the therapist’s hands. Sugges-
tions include:

■  Place the fingers of both hands under the occiput (Fig. 16.5 A),
or with the hands on the sides of the face (not covering 
the ears).

A B C

FIGURE 16.5 Manual cervical traction: (A) with the fingers of both hands under the occiput; (B) with one hand over the frontal region and the
other hand under the occiput; and (C) using a belt to reinforce the hands for the traction force.
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NOTE: Various forms of mechanical traction can be used in the
clinical setting and at home. The position, dosage, and duration
of traction are determined by the therapist. Instruction for use
of the equipment is not described in this text. 

Cervical Joint Manipulation
Techniques

As previously noted, the principles of joint mobilization/
manipulation are discussed in detail in Chapter 5 and their
indications for use with specific impairments are identified
in Chapter 15. Spinal manipulative techniques are indicated
for pain modulation and to improve joint motion. 

CLINICAL TIP
Spinal manipulations are graded I–V. All spinal and rib 
manipulations, with the exception of HVT techniques, are
performed for 1 to 2 minutes and then reassessed for increased
motion or decreased pain. Intervention is terminated once
the desired result is achieved or to patient tolerance.

■   Grade I—small-amplitude oscillations are used for pain
modulation, typically during the acute stage following injury.

■  Grade II—large-amplitude oscillations are also used for
pain modulation. Dosage and indications are similar to
grade I manipulations.

■   Grade III—large-amplitude oscillations that go up to the re-
strictive joint barrier are designed to improve joint ROM and
can be used during the subacute or chronic stages of healing.

■  Grade IV—small-amplitude oscillations that go through
the restrictive joint barrier. These manipulations are 
designed to improve joint ROM and should be used only
during the chronic stages of healing.

■  Grade V (HVT)—high-velocity and low-amplitude thrust
applied at the physiologic limit of joint motion. These ma-
nipulations are performed only one time and designed
solely to improve ROM.

PRECAUTIONS:
■ If a manipulation procedure causes a change in sensation or

an increased pain to radiate down an extremity, or if a patient
reports a feeling of dizziness or light-headedness, do not per-
form additional manipulations.

■ Use extreme caution if the patient reports either a current
history of corticosteroid use or excessive pain.

CONTRAINDICATIONS:
■ Unhealed fracture
■ History of joint or ligamentous laxity caused by trauma or

systemic diseases, such as rheumatoid arthritis
■ Vertebral artery disease or occlusion

■ Acute joint inflammation/irritation
■ Cauda equina symptoms

Manipulation to Increase Cervical
Flexion (Fig. 16.6)

Patient position: Prone with arms resting comfortably at pa-
tient’s side. Place a pillow under the clavicular region for patient
comfort and to promote a neutral cervical-thoracic curve.

Therapist position and hand placement: Stand on one
side of the patient with your body facing toward his or her
head. Use a two-thumb contact on the spinous process of the
superior restricted segment of the three-joint complex.

Manipulation force: Using force through the thumbs, slide
the superior vertebra in a cephalad-anterior direction.

Manipulation to Increase Cervical
Extension (Fig. 16.7)
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FIGURE 16.6 Cervical Flexion Manipulation—prone

FIGURE 16.7 Cervical Extension Manipulation—prone
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Patient position: Prone with arms resting comfortably at
patient’s side, use a pillow for patient comfort and to promote
a neutral cervical-thoracic curve.

Therapist position and hand placement: Stand at the head
of the patient with your body facing toward his or her feet.
Use a two-thumb contact on the spinous process of the supe-
rior restricted segment of the restricted three-joint complex.

Manipulation force: Using force through the thumbs, slide
the superior vertebra in a caudal-posterior direction.

Manipulation to Increase Cervical
Rotation (Fig. 16. 8)

Patient position: Prone with arms resting comfortably at
patient’s side, use a pillow for patient comfort and to promote
a neutral cervical-thoracic curve.

Therapist position and hand placement: Stand on one
side of the patient with your body facing toward their head.
Use a two-thumb contact on the transverse process on the su-
perior restricted vertebrae of the three-joint complex to cause
rotation toward the direction of restriction.

Manipulation force: Using force through the thumbs, slide
the superior vertebra in a cephalad-anteromedial direction.

Manipulation to Increase Cervical
Rotation and Side Bending (Fig. 16.9)
VIDEO 16.1

This technique increases the diameter of the ipsilateral fora-
men, as seen with contralateral rotation and side bending.

Patient position: Supine.

Therapist position and hand placement: Stand at the head
of the patient with one hand (the hand opposite the side of
restriction) supporting the head and the other hand in con-
tact with the lateral aspect of the verterbra to be manipulated.

The medial side of the second MCP joint should be in contact
with the edge of the facet and pillar to be manipulated and
the rest of your hand relaxed on the postero-lateral portion
of the patient’s neck. Passively place the patient’s head and
neck into flexion, contralateral rotation, and side bending to
take up the slack until the segment to be treated is identified.

Manipulation force: Using force through the metacarpal
joint of the second digit, slide (or upglide) the cervical facet
in an anterior-superior-medial direction at a 45° angle.

Manipulation to Increase Cervical
Rotation and Side Bending: Alternate
Technique (Fig. 16.10)  VIDEO 16.1

This technique decreases the diameter of the ipsilateral fora-
men, as seen with ipsilateral rotation and side bending.

Patient position: Supine.

Therapist position and hand placement: Stand at the head
of the patient with one hand (the hand opposite the side of
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FIGURE 16.8 Cervical Rotation Manipulation—prone

FIGURE 16.9 Cervical Rotation and Side-Bending Upglide 
Manipulation—supine

FIGURE 16.10 Cervical Rotation and Side-Bending Downglide 
Manipulation—supine
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restriction) supporting the patient’s head and the other hand
in contact with the vertebra to be manipulated. The medial
side of the second MCP joint should be in contact with the
edge facet and pillar to be manipulated and the rest of your
hand relaxed on the postero-lateral portion of the patient’s
neck. Passively place the patient’s head and neck into exten-
sion, ipsilateral rotation, and side bending to take up the slack
until the segment to be treated is identified.

Manipulation force: Using force through the MCP joint of
the second digit, slide (or downglide) the cervical facet in an
inferior-medial direction at a 45° angle.

Muscle Energy Techniques 
to Increase Craniocervical
Mobility

Muscle energy (ME) uses the application of submaximum, iso-
metric contractions of muscles whose line of pull can cause the
desired accessory motion of a joint; ME techniques are designed
to improve joint mobility (see Chapter 5). The patient holds the
gentle muscle contraction against the therapist’s graded resist-
ance for 3 to 5 seconds and then relaxes. This process is repeated
for three to five repetitions. When performed correctly, ME 
techniques are extremely safe and are indicated for most joint
restrictions resulting from musculoskeletal disorders at any stage
of healing.

PRECAUTION: Great care should be used when applying the
following techniques so as not to occlude the vertebral artery.
The therapist should test the integrity of the vertebral artery
prior to performing the following ME techniques. Do not per-
form ME techniques if the patient reports an altered sensation
in either upper extremity or a feeling of dizziness or light-
headedness during the set-up of these techniques.

Techniques to Increase Craniocervical
Flexion (Fig. 16. 11)  VIDEO 16.2

Patient position: Supine, with hands placed comfortably at
the side.

Therapist position, hand placement, and patient effort:
Stand at the head of the treatment table. Support the occiput
with one hand and place the other hand across the forehead.
Ask the patient to look upward gently as if nodding the head
backwards and apply resistance against the patient’s occiput,
creating a gentle isometric contraction in the suboccipital
muscles. When the patient relaxes, take up the slack by pas-
sively nodding the head through any new range.

Alternate technique: Sit on a stool at the head of patient
with your forearms resting on the treatment table. One hand
stabilizes the C2 vertebra by grasping the transverse processes
between the proximal portions of the thumb and index finger;
the other hand supports the occiput. Passively nod the pa-
tient’s head with the hand under the occiput to take up the
slack of the suboccipital muscles; then ask the patient to roll
the eyes upward. This causes a gentle isometric contraction
of the suboccipital muscles. The patient keeps looking up-
ward for 3 to 5 seconds and then relaxes. After the patient
relaxes, take up the slack by passively nodding the head
through any new range. Repeat this procedure three to five
times or until the desired outcome is achieved. Only motion
between the occiput and C2 should occur. The contraction
is gentle in order not to cause overflow into the multi-
segmental erector spinae and upper trapezius muscles. This
technique uses a gentle hold-relax, of the rectus capitis 
posterior minor muscle.

Techniques to Increase Craniocervical
Rotation (Fig. 16.12)  VIDEO 16.2
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FIGURE 16.11 Muscle Energy: Craniocervical Flexion

R

FIGURE 16.12 Muscle Energy: Craniocervical Rotation

Patient position: Supine, with hands placed comfortably at
the side.

Therapist position, hand placement, and patient effort:
Stand at the head of the patient. Wrap hands around the side
of the patient’s head with fingers under the occiput. Place the
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patient’s head in end-range cervical flexion. Next, rotate his or
her head in the direction of the restriction (for example, with
restricted rotation to the left, place head in end-range left rota-
tion). Once the patient is at end-range, instruct the patient to
look in the opposite direction (example, toward the right) while
you resist this movement with gentle pressure against the side
of the head. After a 3- to 5-second hold, have the patient relax
and move the head into greater rotation. Repeat as needed.

Mid and Lower Thoracic and
Lumbar Regions: Stretching
Techniques

Techniques to Increase Lumbar
Flexion
PRECAUTION: Do not perform if flexion causes a change in
sensation or causes pain to radiate down the lower extremity.

Self-Stretching
■  Patient position and procedure: Hook-lying. Have the pa-

tient first bring one knee and then the other toward the
chest, clasp the hands around the thighs and pull them to
the chest, elevating the sacrum off the mat (Fig. 16.13). The
patient should not grasp around the tibia; it places stress
on the knee joints as the stretch force is applied.

Techniques to Increase Lumbar
Extension
PRECAUTION: Do not perform if extension causes a change in
sensation or causes pain to radiate down the lower extremity.

Self-Stretching
■  Patient position and procedure: Prone, with hands placed

under the shoulders. Have the patient extend the elbows and
push the thorax up off the mat but keep the pelvis down on
the mat. This is a prone press-up (Fig. 16.15 A). To increase
the stretch force, the pelvis can be strapped to the treatment
table. This exercise also places the hip flexor muscles and
soft tissue anterior to the hips in an elongated position, al-
though it does not selectively stretch these tissues.

■  Patient position and procedure: Standing, with the hands
placed in the low back area. Instruct the patient to lean
backward (Fig. 16.15 B).

■  Patient position and procedure: Quadruped (hands and
knees). Instruct the patient to allow the spine to sag, creat-
ing lumbar extension. Alternating between this motion and
a posterior pelvic tilt (as in Fig. 16.14) can be used to teach
the patient how to control pelvic motion.

Techniques to Increase Lateral
Flexibility of the Spine
Stretching techniques to increase lateral flexibility are used for
intervention when there is asymmetrical flexibility in side bend-
ing as well as in the management of scoliosis. It is important 
to note that stretching has not been shown to correct or halt
progression of structural scoliosis, although they may be ben-
eficial in gaining some flexibility prior to surgical fusion of
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FIGURE 16.13 Self-stretching the lumbar erector spinae muscles
and tissues posterior to the spine. The patient grasps around the
thighs to avoid compression of the knee joints.

■  Patient position and procedure: Quadruped (on hands and
knees). Have the patient perform a posterior pelvic tilt with-
out rounding the thorax (concentrate on flexing the lumbar
spine, not the thoracic spine), hold the position, then relax
(Fig. 16.14 A). Repeat; this time bring the hips back to the
feet, hold, and then return to the hands and knees position
(Fig. 16.14 B). This also stretches the gluteus maximus,
quadriceps femoris, and shoulder extensor muscles.

B

A

B

FIGURE 16.14 Stretching of the lumbar spine. (A) The patient per-
forms a posterior pelvic tilt without rounding the thorax. (B) The 
patient moves the buttocks back over the feet for a greater stretch.
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the spine for correcting a scoliotic deformity. They may also
be used to regain flexibility in the frontal plane when muscle
or fascial tightness is present with postural dysfunction. All
of the following exercises are designed to stretch hypomobile
structures on the concave side of the lateral curvature.

When stretching the trunk, it is necessary to stabilize the
spine either above or below the curve. If the patient has a double
curve, one curve must be stabilized while the other is stretched.

■  Patient position and procedure: Prone. Stabilize the patient
(manually or with a belt) at the iliac crest on the side of the
concavity. Have the patient reach toward the knee with the
arm on the convex side of the curve while stretching the op-
posite arm up and overhead (Fig. 16.16). Instruct the patient
to breathe in and expand the rib cage on the side being
stretched.

■  Patient position and procedure: Prone. Have the patient stabi-
lize the upper trunk (thoracic curve) by holding onto the edge

of the mat table with the arms. Lift the hips and legs and lat-
erally bend the trunk away from the concavity (Fig. 16.17). 

■  Patient position and procedure: Heel-sitting. Have the 
patient lean forward so the abdomen rests on the anterior
thighs (Fig. 16.18 A); the arms are stretched overhead 
bilaterally; and the hands are flat on the floor. Then have
the patient laterally bend the trunk away from the concav-
ity by walking the hands to the convex side of the curve.
Hold the position for a sustained stretch (Fig. 16.18 B). 

■  Patient position and procedure: Side-lying on the convex side
of the curve. Place a rolled towel at the apex of the curve,
and have the patient reach overhead with the top arm. Sta-
bilize the patient at the iliac crest. Do not allow the patient
to roll forward or backward during the stretch. Hold this
position for a sustained period of time (Fig. 16.19).

■  Patient position and procedure: Side-lying over the edge of a
mat table with a rolled towel at the apex of the curve and
the top arm stretched overhead. Stabilize the iliac crest. Hold
this head-down position as long as possible (Fig. 16.20).
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A B

FIGURE 16.15 Self-stretching of the soft tissues anterior to the lumbar spine and hip joints with the patient (A) prone (using a press-up) and
(B) standing.

FIGURE 16.16 Stretching hypomobile structures on the concave
side of the thoracic curve. Illustrated is a patient with a right thoracic
left lumbar curve. The therapist stabilizes the pelvis and lumbar spine
while the patient actively stretches the thoracic curve by reaching
upward on side of concavity and downward on side of convexity.

FIGURE 16.17 Stretching hypomobile structures on the concave
side of a left lumbar curve. The patient stabilizes the upper trunk and
thoracic curve as the therapist passively stretches the lumbar curve.
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CLINICAL TIP
Hip muscles have a direct effect on spinal posture and function
because of their attachment on the pelvis. It is important that
they have adequate flexibility for proper pelvic and spinal align-
ment. In addition to manual stretching techniques described in
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A B

FIGURE 16.18 (A) Heel-sitting to stabilize the lumbar spine. 
(B) Hypomobile structures on the concave side of a right thoracic
curve are stretched by having the patient reach the arms overhead
and then walk the hands toward the convex side.

FIGURE 16.19 Stretching tight structures on the concave side of a
right thoracic curve. The patient is positioned side-lying with a rolled
towel at the apex of the convexity. The lumbar spine is stabilized by
the therapist.

FIGURE 16.20 Side-lying over the edge of a mat table to stretch hy-
pomobile structures of a right thoracic scoliosis. The therapist stabi-
lizes the pelvis.

Chapter 4 (see Figs. 4.25 to 4.30), see Chapter 20 for specific self-
stretching techniques in the hip. Of primary importance:

■  Hip extension (see Figs. 20.10 and 20.11)
■  Hip flexion (see Fig. 20.12, also knee to chest as in Fig. 20.10)
■  Hip rotation (see Figs. 20.14 and 20.15)
■  Hamstrings (See Figs. 20.17 and 20.18)
■  Tensor fascia lata (See Figs. 20.19 to 20.21)

Traction as a Stretching Technique
Manual Traction: Lumbar Spine
Manual traction is not as easily applied in the lumbar region
as in the cervical region. At least one-half of the patient’s body
weight must be moved, and the coefficient of friction of the
part to be moved also must be overcome to cause vertebral
distraction and stretching. It is helpful to place the patient on
a split-traction table for ease in moving and stretching the
spine.

Patient position: Supine or prone. Stabilize the thorax with
a harness secured to the head end of the table or have an as-
sistant stabilize the patient by standing at the head of the table
and holding the patient’s arms. Position the patient so there
is maximal stretch on the hypomobile tissue.

■  To stretch into extension, extend the hips.
■  To stretch into flexion, flex the hips.
■  To stretch into side bending, move the lower extremities to

one side.

Therapist position and procedures: Position yourself so 
effective body mechanics and body weight can be used.

■  If the lower extremities are extended to emphasize spinal
extension, exert the pull at the ankles.

■  If the lower extremities are flexed to emphasize spinal flex-
ion, drape both of the legs over your shoulder that is closest
to the mid-line of the table and exert the stretch force with
your arms wrapped across the patient’s thighs. As an alter-
native, place a pelvic belt with straps around the patient
and manually pull on the straps.

■  For unilateral impairments, pull on one extremity.

Positional Traction: Lumbar Spine
The value of positional traction is that the primary traction
force can be directed to the side on which symptoms occur,
or it can be isolated to a specific facet, making it beneficial for
selective stretching.

Patient position: Side-lying, with the side to be stretched
uppermost. A rolled blanket or thick towel is placed under the
spine at the level where the traction force is desired; this
causes side bending away from the side to be treated and,
therefore, an upward gliding of the facets (Fig. 16.21 A).

Therapist position: Standing, at the side of the treatment
table facing the patient. Determine the segment that is to 
receive most of the traction force and palpate the spinous
processes at that level and the level above.
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Procedure: The patient relaxes in the side-bent position. Ro-
tation is added to isolate a distraction force to the desired
level. Rotate the upper trunk by gently pulling on the arm on
which the patient is lying while simultaneously palpating the
spinous processes with your other hand to determine when
rotation has arrived at the level just above the joint to be 
distracted. Then flex the patient’s uppermost thigh, again
palpating the spinous processes until flexion of the lower por-
tion of the spine occurs at the desired level. The segment at
which these two opposing forces meet now has maximum 
positional distraction force (Fig. 16.21 B).

HVT techniques may be easier to perform if the applica-
tion of the force is coordinated with the patient’s breathing.
Instruct the patient to breathe deeply several times, and on
the final exhalation, a high-velocity, low-amplitude force is
delivered. Use caution that the patient does not hyperventilate
during these procedures.

CLINICAL TIP
When applying spinal manipulation techniques:

■  Modify the application force for pain modulation.
■  Coordinate stretch manipulation and HVT techniques

with patient breathing.
■  HVT is a low-amplitude, high-velocity technique.
■  HVT is applied with one repetition only.

PRECAUTIONS:
■ Do not perform if manipulation causes a change in sensation

or pain to radiate down an extremity.
■ Extreme caution should be used when performing these

techniques if the patient is pregnant, reports a current history
of corticosteroid use, or has excessive pain.

CONTRAINDICATIONS:
■ Unhealed fracture
■ History of joint or ligamentous laxity caused by trauma or

systemic diseases
■ Spondylolisthesis
■ Acute joint inflammation/irritation
■ Cauda equine symptoms
■ HVT is contraindicated in persons with a history of osteo-

porosis or osteopenia.

Manipulation Technique to Increase
Thoracic Spine Extension (Fig. 16. 22)
VIDEO 16.3

Patient position: Prone with arms resting comfortably at
patient’s side. Place a pillow under the thoracic region for in-
creased patient comfort and to promote a neutral cervical-
thoracic curve.

Therapist position and hand placement: Stand on one
side of the patient with your body facing toward the head of
the patient. Place the distal phalanx of your second and third
fingers on the transverse processes of the superior vertebral
segment to be manipulated (Fig. 16.22 A). This is also referred
to as the “V-spread technique.” Place the hypothenar emi-
nence of your other hand on top of the two-finger contact
(Fig. 16.22 B).

Manipulation force: Apply an anterior glide. The contact
points on the transverse processes serve as a point of refer-
ence. Your other hand exerts a force through the hypothenar
eminence in an anterior direction.
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B

FIGURE 16.21 Positional traction for the lumbar spine. (A) Side
bending over a 6- to 8-inch roll causes longitudinal traction to the
segments on the upward side. (B) Side-bending with rotation adds 
a distraction force to the facets on the upward side.

CLINICAL TIP
Mechanical traction units can provide considerable stretch
force to the tissues of the thoracic and lumbar spine. Posi-
tioning considerations are as described for manual traction.
Instructions for use of the equipment are not part of this text.

Thoracic and Lumbar Joint
Manipulation and HVT
Techniques

Joint manipulation and HVT techniques have been shown to
have minimal risk to patients8,21 and also to be an effective
intervention for spinal pain.8,11,14,17,21 Although HVT has
been practiced in physical therapy since the 1920s,62 these
techniques should not be performed by physical therapist as-
sistants or physical therapy aides.4,62 The indications for joint
manipulation and HVT are discussed in Chapter 5.
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Manipulation Technique to Increase
Thoracic Spine Flexion
Patient position: Prone with arms resting comfortably at pa-
tient’s side. Place a pillow under the thoracic region for increased
patient comfort and to promote a neutral cervical-thoracic
curve.

Therapist position and hand placement: Same as for tho-
racic extension except the V-spread contact is on the transverse
processes of the inferior vertebral segment to be mobilized.

Manipulation force: Apply an anterior glide. The contact
points on the transverse processes serve as a point of refer-
ence. The other hand exerts a force through the hypothenar
eminence in an anterior direction. Modify your forces for pain
modulation or to improve motion.

Manipulation to Increase Thoracic
Spine Rotation (Fig. 16.23)  
VIDEO 16.3

Patient position: Prone with arms resting comfortably at pa-
tient’s side. Place a pillow under the thoracic region for increased
patient comfort and to promote a neutral cervical-thoracic
curve.

Therapist position and hand placement: Using the V-spread
contact, place one finger on the superior transverse process and
the second finger on the contralateral inferior transverse process
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FIGURE 16.22 Thoracic Spine Extension Manipulation or HVT—prone: (A) “V-spread” finger placement on transverse processes and (B) force
application with hypothenar eminence.

A B

FIGURE 16.23 Thoracic Spine Left Rotation Manipulation or 
HVT—prone.
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to be mobilized. The finger placement follows the “Rule of the
Lower Finger” (see Clinical Tip).

Manipulation force: Apply an anteriorly directed force
against the transverse processes with the contralateral hand
pressing through the contact fingers.

CLINICAL TIP
Rule of the Lower Finger
When applying the V-spread contact on the contralateral
transverse processes for thoracic rotation assessment or ma-
nipulation, rotation of a segment occurs in the direction of
the finger on the inferior transverse process.

Example: Manipulation of the T6–7 segment into left ro-
tation. The superior finger is on the right transverse process
of T6, facilitating rotation to the left. Concurrently, the inferior
finger on the left transverse process of T7 is facilitating a right
rotation force (see Fig. 16.23). Since the lower finger is on the
left transverse process, the “rule of the lower finger” makes it
easy to remember this is a left rotation manipulation.

Pistol Thrust to Increase Thoracic
Spine Mobility (Fig. 16.24)  
VIDEO 16.4

Patient position: Supine with arms crossed.

Therapist position and hand placement: Stand at the pa-
tient’s side facing toward his or her head. Roll the patient to-
ward you and reach across the patient’s body; contact the
inferior vertebra of the three-joint complex to be manipulated
using the “pistol grip” (Fig. 16.24 A and C). Once contact is
achieved, passively return the patient to the supine position.
To improve rotation, use the rule of the lower finger as de-
scribed in the clinical tip above.

Manipulation force: Place your trunk directly over the
segment to be manipulated. A cephalad distraction force is
initiated with the patient’s body weight at the segment to be
manipulated; this is followed by a high-velocity, posterior
force against the patient’s crossed arms toward the table
(Fig. 16.24 B).
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T7

T2
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FIGURE 16.24 Thoracic spine manipulation: (A) hand placement
on thoracic spine using a “pistol grip” and (B) manipulation 
force against patient’s crossed arms. (C) Pistol grip on a 
spinal model, showing carpometacarpal joint of thumb on 
one transverse process and flexed middle phalanx on opposite
transverse process.

A

B

C
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Cross-Arm Thrust to Increase
Thoracic Spine Mobility (Fig. 16.25)

Patient position: Prone with arms resting comfortably at
patient’s side. Place a pillow under the thoracic region for in-
creased patient comfort and to promote a neutral cervical-
thoracic curve.

Therapist position and hand placement: Stand beside the
patient. Cross your arms and place the pisiform (hypothenar
eminence) of one hand on a left and one on a right transverse
process of the segment to be manipulated. Modify transverse
process contact to promote flexion, extension, or rotation by
placing the pisiform on the superior, inferior, or “rule of the
lower finger” transverse processes as described in the preceding
sections.

Manipulation force: An anterior force is applied simulta-
neously by the hypothenar eminences. This may be used as
either a manipulation or HVT intervention.

Fall Thrust to Increase Thoracic Spine
Mobility (Fig. 16.26)  VIDEO 16.5

Patient position: Standing with arms crossed.

Therapist position and hand placement: Stand behind the
patient and wrap your arms around the patient. Place a mo-
bilization wedge or folded towel at the desired spinal level to
direct the force to a specific thoracic segment. Grasp patient’s
elbows (left hand grasps patient’s right elbow and right hand
grasps left elbow). If unable to grasp the elbows, interlock
your fingers in front of the patient.

Manipulation force: Lean backwards on your heels while
applying an extension force on the patient’s spine, then
quickly drop down so your feet are flat on the floor.

Rib Manipulation for Expiratory
Restriction (Fig. 16.27)  VIDEO 16.6

Patient position: Prone with arms resting comfortably at
the patient’s side or overhead. Place a pillow under the tho-
racic region for increased patient comfort and to promote a
neutral cervical-thoracic curve.

Therapist position and hand placement: Stand beside the
patient. The hypothenar eminence of your caudal facing hand
is placed on the rib angle at the level of the hypomobility, and
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FIGURE 16.25 Thoracic spine manipulation using cross-arm 
thrust

FIGURE 16.26 Thoracic spine manipulation using a fall thrust

FIGURE 16.27 Expiratory restriction rib manipulation
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the rest of the hand relaxes on the patient’s back. The other
hand is placed on the opposite rib to stabilize the rib cage.

Manipulation force: During active patient expiration, exert
a series of four to five progressive manipulations against the
restricted rib in an anterior, caudal, and medial direction dur-
ing the last half of the expiratory phase. Use caution that the
patient does not hyperventilate.

Rib Manipulation for Inspiratory
Restriction (Fig. 16.28)

Patient position: Prone with scapula protracted on the side
of the rib restriction. This can be accomplished by having the
patient dangle the arm off the side of the treatment table.
Place a pillow under the thoracic region for increased patient
comfort and to promote a neutral cervical-thoracic curve.

Therapist position and hand placement: Stand on the side
opposite the restriction; reach across the thorax with your in-
ferior extremity and contact the pisiform or hypothenar em-
inence of your hand on the inferio-medial aspect at the angle
of the rib to be manipulated. Stabilize your upper body with
the contralateral hand leaning on the table.

Manipulation force: During patient exhalation, apply the
force to remove all the slack from the costovertebral joint; con-
tinue with four to five progressive oscillations approximately
half-way through the inspiratory phase. Apply the force per-
pendicular to the rib angle (in an anterior, caudal, and medial
direction). Use caution that the patient does not hyperventilate.

Elevated First Rib Manipulation 
(Fig. 16. 29)  VIDEO 16.7

Patient position: Sitting in a firm chair with his or her back
supported. The head and neck are laterally flexed towards and
rotated away from the side of restriction to stabilize the facets
in the closed-pack position and relax the scalene muscle.

Alternate head/neck position: The head and cervical spine
are rotated toward the side of restriction to bring the trans-
verse process posterior and place the first costotransverse 
articulation at end-range stretched position.

Therapist position and hand placement: Stand behind the
patient and stabilize the head against your thorax. Place the
second MCP of your other hand on the first rib just lateral to
the costotransverse joint.

Manipulation force: Exert the manipulation force or HVT
through the rib in a caudal and medial direction during patient
exhalation.

Manipulation Techniques to Increase
Lumbar Spine Extension (Fig. 16.30)
VIDEO 16.8
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FIGURE 16.28 Inspiratory restriction rib manipulation

FIGURE 16.29 Elevated first rib manipulation

FIGURE 16.30 Lumbar spine extension manipulation/HVT—prone

Patient position: Prone. Place a pillow under the abdominal
region for patient comfort and to provide a neutral lumbosacral
curve.
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Therapist position and hand placement: Place your pisi-
form (hypothenar eminence) over the spinous process. Relax
the rest of your hand on the patient’s back.

Anterior glide manipulation force: Push with your hy-
pothenar eminence in an anterior direction. Align your trunk
directly over the segment, so the force is directed downward
and not at an angle.

Manipulation to Increase Lumbar
Spine Rotation (Fig. 16.31)  
VIDEO 16.8

Patient position: Prone. Place a pillow under the abdominal
region for patient comfort and to provide a neutral lumbosacral
curve.

Therapist position and hand placement: Place your pisi-
form (hypothenar eminence) over one transverse process on
the side opposite of the direction of the motion you wish to
facilitate (i.e., if wanting to promote left rotation, place your
hypothenar eminence on the right transverse process). Relax
the rest of your hand on the patient’s back.

Anterior glide manipulation force: Push with your hy-
pothenar eminence in an anterior and medial direction.

Manipulation to Increase Lumbar
Intervertebral Side Bending 
(Fig. 16.32)  VIDEO 16.9

Patient position: Side-lying with the restricted side down.
Position the patient as close to the edge of the bed as possible
and flex the hips and knees to 90°. 

Therapist position and hand placement: Stand facing the
patient. Place the finger tip from your caudal hand on the su-
perior spinous process to monitor motion. Passively rotate
the patient’s trunk backward to “take up the slack” until just

before you feel the vertebral segment move. Now, place the
finger tip of your cephlad hand on the superior spinous
process to monitor motion. Flex both of the patient’s legs
(hips) until just before you feel the vertebral segment move.
The patient’s legs can then be supported either on the plinth
or your thigh.

Manipulation force: Lift the patient’s legs into hip rotation,
causing the lumbar spine to side bend in the same direction
as the lifted legs.

HVT Lumbar Roll to Increase 
Lumbar Rotation (Fig. 16.33)  
VIDEO 16.10

Patient position: Side-lying with the restricted side up. Posi-
tion the patient as close to the edge of the bed as possible and
flex the hips and knees to 90°. Provide a pillow for the patient
to hold that can act as a physical barrier. 

Therapist position and hand placement: Stand facing
the patient. Place the fingertips of your cephalad hand on
the inferior spinous process to monitor motion. Move the
patient’s top leg into hip flexion until just before you feel
the inferior vertebral segment move. Maintain the patient’s
hip flexion by stabilizing the leg between the therapist’s
body and the treatment table, and move your cephalad
hand to the superior spinous process to monitor motion
(Fig. 16.33 A).

Passively rotate the patient’s trunk backward to “take up
the slack” until just before you feel the superior vertebral seg-
ment move, and rest the forearm on the patient’s torso. The
therapist’s torso should be directly over the segment to be
manipulated (Fig. 16.33 B).

Manipulation force: 
■  Therapist exerts a downward rotational thrust toward the

table with the cephalad forearm and hand while exerting
a rotational force through the caudal forearm by pulling
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FIGURE 16.31 Lumbar spine left rotation manipulation/HVT—prone

FIGURE 16.32 Lumbar spine side-bending manipulation—side-lying
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the patient’s lower trunk toward your body (Fig. 16.33 B
and C).

■  Alternative method is to use the caudal forearm and apply
a rotational force through the patient’s innominate. This
technique (patient contact) is particularly useful if attempt-
ing to increase rotation at L5–S1.

SI Joint Manipulation Technique to
Increase Sacral Nutation (Flexion)
(Fig. 16.34)  VIDEO 16.11

Patient position: Prone. Place a pillow under the abdominal
region for patient comfort and to provide a neutral lumbosacral
curve.

Therapist position and hand placement: Place your pisi-
form (hypothenar eminence) over the sacral base (S1) region.
Relax the rest of your hand on the patient’s back.

Anterior glide manipulation force: Push with your hy-
pothenar eminence in an anterior-inferior direction.

SI Joint Manipulation Technique to
Increase Sacral Counternutation
(Extension) (Fig. 16. 35)  VIDEO 16.11
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FIGURE 16.33 Lumbar roll HVT: (A) monitor motion at the 
spine as the hip is flexed then stabilized by the therapist’s trunk;
(B) rotate the patient’s trunk backward to take up the slack, and
apply a rotational force through the lower spine by moving the 
innominate forward; (C) rotational forces applied to the segment
above and below, including the innominate, demonstrated on a
spine model.

A

B

C

FIGURE 16.34 SI Nutation (Flexion) Manipulation.

FIGURE 16.35 SI Counternutation (Extension) Manipulation
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Patient position: Prone. Place a pillow under the abdominal
region for patient comfort and to provide a neutral lum-
bosacral curve.

Therapist position and hand placement: Place your pisi-
form (hypothenar eminence) over the apex of the sacrum
(S5) region. Relax the rest of your hand on the patient’s
sacrum.

Anterior glide manipulation force: Push with your hy-
pothenar eminence in an anterior-inferior direction.

Posterior Rotation Manipulation 
to Innominate (Fig. 16.36)  
VIDEO 16.11

Patient position: Supine with arms crossed over chest. Move
the patient’s trunk and legs toward the side of the restriction
to create side-bending in the lumbar spine.

Therapist position and hand placement: Stand on the side
opposite the restriction. Contact the patient’s opposite ante-
rior superior iliac spine (ASIS) with your caudal hand. With
the cephalad, roll the patient’s trunk toward you.

Manipulation force: Exert a progressive oscillation or HVT
force posterior through the hand contact at the innominate.

Muscle Performance:
Stabilization, Muscle
Endurance, and Strength
Training

Goals. To (1) activate and develop neuromuscular control of
deep segmental and global spinal stabilizing muscles to sup-
port the spine against external loading; (2) develop endurance

and strength in the muscles of the axial skeleton for functional
activities; and (3) develop control of balance in stable and un-
stable situations.

This section is divided into two main sections. The first
section presents principles and techniques of stabilization 
exercises for the cervical and lumbar spinal regions with a
subsection on motor control exercises for segmental muscle
activation and a subsection on global muscle stabilization.
The second section presents principles and techniques of gen-
eral isometric, dynamic, and functional exercises for the neck
and trunk.

Stabilization Training:
Fundamental Techniques
and Progressions

“Proximal stability for distal mobility,” a well-known
phrase, is an underlying principle of intervention with ther-
apeutic exercise. “Strengthening the core” has become a
popular phrase in general exercise programs and classes,
supporting the importance of focusing exercises on the
trunk musculature to support the spine, even if not differ-
entiating the specific functions of the various muscle
groups. The primary functions of the muscles of the trunk
are to provide stability so upright posture can be main-
tained against a variety of forces that disturb balance, to
provide a stable base so the muscles of the extremities can
execute their function efficiently and without undue stress
to the spinal structures, and to move and control trunk 
motions during functional activities. 

In Chapter 14, the two muscle systems that provide spinal
stability and control are identified and described in detail: the
deep segmental and superficial global (multi-segmental) mus-
culature (see Figs. 14.10 to 14.15). Several studies have demon-
strated altered or delayed neuromuscular recruitment patterns
in the deep stabilizing muscles of the lumbar spine during ac-
tive movement in individuals with LBP.31,34,35,55,61 Results of
other studies have shown improved ability to recruit these mus-
cles with specific training9,60 and improved outcomes compared
with individuals not receiving the training.30,60,61 Studies have
also demonstrated improved outcomes in patients with cervical
pain and cervicogenic headaches with recruitment of the deep
stabilizing musculature in the cervical spine in conjunction
with total trunk stabilization.40,46,50, 53

Therefore, one of the primary areas of emphasis for reha-
bilitation of individuals with spinal problems is teaching them
how to recruit the segmental muscles and then how to use
them to respond along with the global musculature to various
forces and demands imposed on the spine to improve coor-
dination of their overall function. Activation of the stabilizing
musculature is then reinforced when progressing to muscular
endurance and strengthening exercises, when performing 
aerobic exercises, and when practicing functional activities
throughout the rehabilitative process with the anticipation
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FIGURE 16.36 Posterior Rotation Innominate Manipulation
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that muscle activation for stabilization will become automatic
during all daily activities and functional challenges (Fig. 16.37).

Stabilization training follows the basic principles of learn-
ing motor control first by developing awareness of muscle
contractions and spinal position, then by developing control
in simple patterns and exercises, then progressing to complex
exercises, and finally by demonstrating automatic mainte-
nance of spinal stability and control in a progression of simple
functional activities to complex and unplanned situations.75

Many of the exercises can be used to accomplish more than
one purpose; there is definite overlap with kinesthetic train-
ing, muscle performance, and functional training. The choice
and progression of exercises described in each of the sections
rely on clinical judgment of the patient’s response and attain-
ment of goals, not on a strict, time-based protocol or number
of days from injury. The ability of the patient to control the
spine in a neutral or non-stressful position is paramount for
all the exercises.

CLINICAL TIP
Stabilization training follows basic principles of learning
motor control.

1. Patient develops awareness of muscle contractions and
spinal positions.

2. Patient develops control of spine when performing simple
extremity patterns and exercises.

3. Patient demonstrates control of spine when progressing to
complex exercises.

4.  Patient demonstrates automatic maintenance of spinal sta-
bility and control in a progression of simple functional ac-
tivities to complex and unplanned situations.

There is considerably more research on muscle function
and its stabilization action in the lumbar spine than the 
cervical spine. The cervical spine requires more mobility to
position the head, yet relies on the thoracic and lumbar spinal
regions to provide a base for stability and postural control.
Even though there are unique anatomical considerations in the
cervical spine, there is overlap between stabilization training
for cervical and lumbar problems.

Guidelines for Stabilization Training
It is important to understand and use the principles and pro-
gression of stabilization training for effective instruction.7,56,69-71

The following guidelines are summarized in Box 16.2.

1. Kinesthetic training for awareness of safe motion and po-
sitions must precede stabilization training. The functional
range and functional position in which symptoms are
minimal or absent are used for stabilization exercises.56

When the condition is not acute, most people find the
midrange (the neutral position) to be their functional 
position. It is important to recognize that this position or
range is not static, nor is it the same for every person. In
addition, it may change as the tissues heal, nociceptive
stimuli decrease, and flexibility improves.56

2. Activation of the deep segmental muscles of the trunk,
specifically the transversus abdominis (TrA) and multifidus
(Mf), is often delayed or absent in patients with back
pain.31,35,61 In addition, ultrasound and MR imaging stud-
ies on individuals with unilateral LBP have shown de-
creased activation and atrophy of these deep muscles on
the side of symptoms compared to the uninvolved side
when performing voluntary contractions.22,79
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FIGURE 16.37 Exercises to improve muscle performance, car-
diopulmonary endurance, and functional activities are integrated
over a background of activating the deep segmental and global
multi-segmental spinal stabilizing musculature.

BOX 16.2 Guidelines for Stabilization
Training: Principles and Progression

1. Begin training with awareness of safe spinal motions and
the neutral spine position or bias.

2. Have patient learn to activate the deep stabilizing
musculature while in the neutral position.

3. Add extremity motions to load the superficial global
musculature while maintaining a stable neutral spine
position (dynamic stabilization).

4. Increase repetitions to improve holding capacity
(endurance) in the stabilizing musculature; increase load
(change lever arm or add resistance) to improve strength
while maintaining a stable neutral spine position.

5. Use alternating isometric contractions and rhythmic
stabilization techniques to enhance stabilization and
balance with fluctuating loads.

6. Progress to movement from one position to another in
conjunction with extremity motions while maintaining a
stable neutral spine (transitional stabilization).

7. Use unstable surfaces to improve the stabilizing response
and improve balance.
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Learning conscious activation of the deep segmental
muscles without contracting the global trunk musculature
is the first step in developing habitual activation for spinal
stability in patients with pain related to poor spinal control
and segmental instability. Once the individual learns 
correct activation of the segmental stabilizers using the
“drawing-in” maneuver, this maneuver is used prior to all
exercises and activities to develop the activation and sta-
bilizing function and eventually automatic feedforward
stabilization from the muscles.36 A study involving 42 sub-
jects demonstrated that it is possible to alter abdominal mus-
cle activation consciously and automatically with specific
exercises.60

In the cervical region, the deep cervical flexors, the
longus colli and longus capitis, and the deep cervical and
upper thoracic extensors are activated to stabilize the 
cervical spine in a neutral spinal position (axial extension
with mild lordosis).

3. Extremity motions are added to the stabilization program
to coordinate segmental muscle activity with the global
stabilizing musculature. Loading via the extremities in-
creases the stabilizing challenge to the musculature. The
patient positions the spine in the neutral position (using
pelvic tilt motions in the lumbar region and gentle head
nodding in the cervical region), performs the drawing-in
maneuver, and then begins moving one or several extrem-
ities while maintaining the neutral position. Extremity
motions are performed within the tolerance of the trunk
or neck muscles to control the neutral or functional posi-
tion. This is called dynamic stabilization, because the sta-
bilizing muscles in the spinal area must respond to the
changing forces coming from the dynamic movement of
the extremities. Exercises that require stabilization against
transverse plane rotational forces on the pelvis more con-
sistently activate the oblique abdominal and deep spinal
stabilizers than sagittal plane resistive forces.68

4. Increase muscular endurance and strength once control of
the spinal position is established and the patient can acti-
vate the stabilizing muscles. Repetitions of extremity 
motions are increased, and resistance is applied to the ex-
tremities. The intent is to challenge the trunk muscles to
stabilize against these increased forces yet stay within their
tolerance and ability to control the spinal position. Repeti-
tions also help develop habit; therefore, it is important to
use careful instructions and provide feedback. Fatigue is
determined by the inability of the trunk or neck muscles to
stabilize the spine in its functional position or by increased
pain. For example:
■ Begin at a resistance force that the patient can repeat 

for 30 to 60 seconds and maintain the neutral position
of the spine; progress the repetitions to 3 minutes.

■ Progress by adding resistance to or increasing the lever
arm of the extremities; initially, reduce the time and again
progress to doing the new activity for 1 to 3 minutes.

■ Another way to develop endurance in the trunk muscles
is to begin exercising at the most difficult level for that

patient, then shift to simpler levels of resistance as fa-
tigue begins in order to keep moving. It is important
that the patient does not lose control of the functional
position or experience increased symptoms.

5. Alternating isometric contractions between antagonists and
rhythmic stabilization of the trunk muscles against manual
resistance also enhance stabilizing contractions. When per-
formed while sitting and standing, the alternating contrac-
tions and co-contractions also develop control of balance.

6. Transitional stabilization develops as the patient moves
from one position to another in conjunction with extremity
motions. This requires graded contractions and adjust-
ments between the trunk flexors and extensors and requires
greater awareness and concentration.7,56 For example, any
motion of the arms or legs away from the trunk tends to
cause the spine to extend. The abdominals (trunk flexors)
must contract to maintain control of the functional spinal
position. This occurs, for example, when lifting a load from
the floor to overhead. Then, as the arms or legs move ante-
riorly toward the center of gravity, the spine tends to flex,
which requires the extensors to contract to maintain the
functional position (as would occur when lowering a
weight to the floor). Greater concentration on maintaining
the functional spinal position is necessary when doing
more advanced functional activities.

7. Perturbation (balance) training, exercising against destabi-
lizing forces or on unstable surfaces, develops neuromus-
cular responses to improve balance.

Deep Segmental Muscle Activation
and Training
The function of the deep musculature (TrA and Mf in the
lumbar spine and longus colli and other deep musculature
in the cervical spine) is described in Chapter 14, and the 
results of impaired function in these muscles are described 
in Chapter 15. Techniques for activation of the segmental
musculature are described in this section.

 FOCUS ON EVIDENCE
Methods for testing and training activation of the deep segmen-
tal musculature have been developed and used in both research
and clinical settings.48,65 Placement of fine-wire electrodes with
ultrasound guidance has provided valuable information regard-
ing the muscle function and recovery in research settings,36,37,63

and ultrasound imaging has provided a valuable tool for
biofeedback in training.28,32,33,80 Use of ultrasound biofeedback
imaging has been prohibitively expensive to use clinically for
training activation of the deep musculature. As an alternative
device, a pressure biofeedback unit (Stabilizer™; © 2006 Encore
Medical, L.P.) was developed and has been shown to have clin-
ical usage in training activation and control of the stabilizing
musculature of the trunk and neck.38,76
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Cervical Musculature
In the cervical region, the goal is to activate and control the
muscles that control axial extension (cervical retraction). This
requires capital flexion, slight flattening of the cervical lordo-
sis, and flattening of the upper thoracic kyphosis (Fig. 16.38).

Deep Neck Flexors: Activation and Training 
(Fig 16.39)  VIDEO 16.12

Patient position and procedure: Supine. For craniocervical
flexion and gentle axial extension, teach the patient to per-
form slow, controlled nodding motions of the head on the
upper cervical spine (“yes” motion). If the patient has a sig-
nificant forward head posture, place a folded towel under the

occipital area so extension of the head on the neck does not
occur. Facilitate the motion with manual cues to ensure the
longus colli is contracting, or the sternocleidomastoid is at a
relative state of rest. Once the patient is able to activate the
motion, the StabilizerTM (or blood pressure cuff) may be used
to monitor the amount of cervical flattening and measure the
muscular endurance for holding the contraction (Fig. 16.39).

The protocol for use of the StabilizerTM is summarized in
Box 16.3.

 FOCUS ON EVIDENCE
Jull and associates41 reported that the controlled perform-
ance of upper cervical flexion increases the pressure in the
Stabilizer™ to 30 mm Hg and that the test-retest reliability
of the craniocervical flexion test (conducted on 50 asymp-
tomatic subjects 1 week between tests) was an ICC of 0.81
for the activation score and 0.93 for the performance index
(see Box 16.3).

Lower Cervical and Upper Thoracic Extensor
Activation and Training

Patient position and procedure: Prone with forehead on
the treatment table and arms at the sides. Have the patient lift
the forehead off the treatment table, keeping the chin tucked
and eyes focused on the table to maintain the neutral spinal
position (reinforces the craniocervical flexion motion learned
in the supine position). Lifting the head is a small motion
(Fig. 16.40).

Progression
Once the patient learns to activate the deep musculature
and assume the neutral posture in the cervical spine, prac-
tice throughout the day is encouraged in order to develop
good postural control. Stabilization training is initiated by
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FIGURE 16.38 Axial extension (cervical retraction) involves the mo-
tion of capital flexion and movement of the lower cervical and upper
thoracic spine toward extension, resulting in slight flattening of the
cervical lordosis and “lifting” of the head.

FIGURE 16.39 (A) The StabilizerTM pressure biofeedback unit (© 2006 Encore Medical, L.P.) is used to provide visual feedback to the patient
while training for spinal stabilization; (B) Stabilizer folded into thirds under the cervical spine to test and train capital flexion with neutral spine
axial extension.

A B
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coordinating control of the neutral spinal position with
upper extremity loading. The extremity motions are used
to stimulate muscular endurance as well as strengthen the
stabilizing musculature in the spine. These exercises are 
described in the next section (Global Muscle Stabilization
Exercises).

Lumbar Musculature
Three techniques for abdominal muscle activation have been
described and used in clinical practice: the drawing-in maneu-
ver, abdominal bracing, and posterior pelvic tilt (Fig. 16.41).
Each technique differs in the stabilization activity of the 

abdominal and Mf muscles.67 Studies have demonstrated that
the drawing-in maneuver is more selective in co-activating the
TrA and Mf muscles than the abdominal bracing and posterior
pelvic tilt techniques38,67 and that the drawing-in maneuver
leads to improvement in feedforward postural strategies.82 The
drawing-in maneuver also functions to increase intra-abdominal
pressure by inwardly displacing the abdominal wall. Because 
of this, the drawing-in maneuver is recommended for stabi-
lization training; the other two methods are also described, 
primarily so the reader can recognize the differences.

Drawing-In Maneuver (Abdominal Hollowing
Exercise) for TrA Activation  VIDEO 16.13
Patient positions: Training may be easiest in the quadruped
position in order to use the effects of gravity on the abdominal
wall. Hook-lying (with knees 70° to 90° and feet resting on an
exercise mat), prone-lying, or semi-reclined positions may be
used if more comfortable for the patient. It is important to
progress training to sitting and standing as soon as possible.51,54

Procedure: Teach the patient using demonstration, verbal
cues, and tactile facilitation. Explain that the muscle encircles
the trunk, and when activated, the waistline draws inward.

■  Palpate the TrA muscle just distal to the ASIS and lateral to
the rectus abdominis (RA) (Fig. 16.42). When the internal
oblique (IO) contracts, a bulge of the muscle is felt; when
the TrA contracts, flat tension is felt. The goal is to activate
the TrA with minimal or no contraction of the IO. This is
a gentle contraction.

■  Have the patient assume a neutral spinal position and at-
tempt to maintain it while gently drawing in and hollowing
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BOX 16.3 Testing and Training Deep Segmental
Muscle Activation in the Cervical
Spine

■ Place blood pressure cuff or the folded StabilizerTM

pressure biofeedback unit (folded into thirds) under the
upper cervical spine and inflate to 20 mm Hg.

■ Instruct the patient to nod and increase pressure on 
the cuff to 22 mm Hg and hold the pressure steady for 
10 seconds.

■ If the patient is successful (i.e., can hold the position with
minimal superficial muscle activity), have him or her relax
and repeat the flexion, this time increasing pressure to 
24 mm Hg. Repeat this incremental activation up to 
30 mm Hg (total 10 mm Hg increase).

■ The final pressure is the one at which the patient can hold
steady for 10 seconds.

■ Muscle endurance (holding or tonic capacity) of the deep
neck flexors is measured by the number of 10-second
holds (up to 10) at the final pressure.

A performance index can be used to document an objective
measure. Multiply the pressure increase by the number of
times the patient can repeat the 10-second holds—with 
100 reflecting the holding of a 10 mm Hg increase for 
10 repetitions.41

Adapted from the instruction manual that accompanies the
Stabilizer™ © 2006 Encore Medical, L.P., with permission.

FIGURE 16.40 Prone lying axial extension (cervical retraction) 
exercises.

A

B

C

FIGURE 16.41 Three methods to activate the stabilizing muscula-
ture in the lumbar spine. (A) Drawing-in maneuver in which the 
patient hollows the abdominal region (“draws” the belly button 
toward the spine). (B) Abdominal bracing in which setting the 
abdominal muscles results in flaring laterally around the waist. 
(C) Posterior pelvic tilt in which the pelvis is actively tilted 
posteriorly and the lumbar spine flattens.
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the abdominal muscles.65 Instruct the patient to breathe in,
breath out, and then gently draw the belly button in toward
the spine to hollow out the abdominal region. Once activated,
have the patient maintain the contraction and resume breath-
ing. When done properly, there are no substitute patterns; that
is, there is minimal to no movement of the pelvis (posterior
pelvic tilting), no flaring or depression of the lower ribs, no
inspiration or lifting of the rib cage, no bulging out of the 
abdominal wall, and no increased pressure through the feet.
Performing the drawing-in maneuver with the spine in a neu-
tral position results in increased TrA response (measured as
increased thickness in ultrasound imaging) compared to
slouched sitting or slouched standing postures.64

If a patient has difficulty activating the TrA, the follow-
ing two feedback techniques have been shown to assist with 
learning.25,66,67

■  Pressure biofeedback for clinical testing and visual feedback.
With the patient prone, the StabilizerTM (or blood pressure
cuff) is placed horizontally under the abdomen (centered
under the navel). Inflate the StabilizerTM to 70 mm Hg.
Have the patient perform a drawing-in maneuver, as de-
scribed above. A decrease of 6 to 10 mm Hg during the
drawing-in maneuver (without substitutions) indicates
proper activation of the deep abdominal muscles. The dial
on the unit is large and easily read by the patient for 
immediate feedback.

■  Biofeedback with surface electrodes. Surface electrodes placed
over the RA and external obliques (EOs), near its attachment
on the eighth rib, may be used in conjunction with the in-
flatable cuff. There should be minimal to no activation of
these muscles if the drawing-in maneuver is done correctly.

As with the cervical spine, the StabilizerTM can be used not
only to train and reinforce activation of the TrA but also to
measure control for a measured period of time as well as num-
ber of repetitions. The protocol is summarized in Box 16.4.

Abdominal Bracing
In contrast to the drawing-in maneuver, abdominal bracing
occurs by setting the abdominals and actively flaring out lat-
erally around the waist (see Fig. 16.41 B). There is no head
or trunk flexion, no elevation of the lower ribs, no protrusion
of the abdomen, and no pressure through the feet. The pa-
tient should be able to hold the braced position while breath-
ing in a relaxed manner. This technique has been taught for
a number of years as the method to stabilize the spine; it has
been shown to activate the oblique abdominal muscles con-
sistent with their global stabilization function.48,67 In addi-
tion, abdominal bracing has been reported to activate a
stronger contraction in the IOs than with sagittal plane ex-
ercises including various dynamic trunk flexion exercises.48

Instructions to brace frequently during the day, whether
combined with a strengthening or stretching exercise pro-
gram, has been shown improved outcomes in managing LBP
over a 10-year period.2

Posterior pelvic tilt
Posterior pelvic tilt exercises (see Fig. 16.41 C) principally ac-
tivate the RA muscle, which is used primarily for dynamic
trunk flexion activity. It is a superficial muscle that does not
have segmental attachments; therefore, it is not emphasized
in the training for stabilization.67 Pelvic tilt exercises are used
to teach awareness of the movement of the pelvis and lumbar
spine as the patient explores his or her lumbar ROM to find
the functional spinal range and the neutral position.

Mf Activation and Training  VIDEO 16.14
Patient position and procedure: Prone or side-lying.
Place your palpating digits (thumbs or index fingers) 
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FIGURE 16.42 Palpation of the transversus abdominis (TrA) muscle
just distal to the anterior superior iliac spine and lateral to the rectus
abdominis muscle. The TrA feels like a tense sheet (a bulge is the in-
ternal oblique) when performing a gentle drawing-in maneuver.

BOX 16.4 Testing and Training Deep Segmental
Muscle Activation (Transversus
Abdominis) in the Lumbar Spine

■ Patient is prone lying.
■ Place a blood pressure cuff or the StabilizerTM pressure

biofeedback unit horizontally under the abdomen with the
lower edge just below the anterior superior iliac spine
(navel at center of unit).

■ Inflate to 70 mm Hg and instruct the patient to perform the
drawing-in maneuver.

■ If done properly, the pressure drops 6 to 10 mm Hg.
■ Have the patient maintain the gentle contraction while

resuming relaxed breathing.
■ See if the patient can maintain the pressure drop for up to

10 seconds.
■ Muscle endurance (holding or tonic capacity) of the

transversus abdominis is measured by the number of 
10-second holds (up to 10).

Adapted from the instruction manual that accompanies the
Stabilizer™ © 2006 Encore Medical, L.P., with permission.
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immediately lateral to the spinous processes of the lumbar
spine (Fig. 16.43).

■  Palpate each spinal level so comparisons in the activation
of the Mf muscle can be made between each segment as
well as from side-to-side.

■  Instruct the patient to “swell the muscle” out against your
digits. Palpate for consistency of muscle contraction at each
level.

■  Facilitation techniques include using the drawing in maneu-
ver and gently contracting the pelvic floor muscles (as in
Kegel exercises, described in Chapter 24).

■  In the side-lying position, facilitate by gently applying man-
ual resistance to the thorax or pelvis to activate the rotation
function of the Mf.

■  The patient may be taught to self-palpate a Mf contraction
in the following manner. Sit and rock the pelvis to find the
neutral position; with the fingers or thumbs placed along
the lumbar spinous processes, lean forward a couple de-
grees. The Mf is thus activated. Differentiate a Mf contrac-
tion from tension in the aponeurosis of the global erector
spinae.

Progression
Once the patient learns to activate the deep segmental mus-
culature, practice throughout the day is encouraged. Segmen-
tal muscle activation is then coordinated with stabilization
training, using the global musculature and extremity loading.
Extremity motions are added and used to stimulate muscle
endurance as well as strengthen the trunk muscles. Global 
stabilization exercises are described in the next section.

Global Muscle Stabilization Exercises
Even though this section is divided into cervical and lumbar
regions, many of the same exercises may be used for impair-
ments in either region because of the functional relationships
of the entire axial skeleton.

Stabilization Exercises for the Cervical Region

Stabilization With Progressive Limb Loading
In general, stabilization exercises begin in the recumbent posi-
tion and progress to quadruped with the trunk supported on a
large gym ball, sitting, sitting on a large gym ball, standing with
the back supported against a wall, and finally standing without
support. For advanced training, exercises are progressed to
standing on an unstable surface.

■  Begin all exercises with gentle craniocervical nods and
axial extension to the neutral spinal position to activate
the deep segmental muscles as described in the previous
section. During the early phases of training, if the patient
has difficulty maintaining a neutral spinal position, a
small towel roll may be placed under the neck for passive
support.

■  Initially, the only resistance load comes from simple upper
extremity movements. When the patient can perform mul-
tiple repetitions of the upper extremity motions without
losing control of the spinal position or causing an increase
in symptoms, resistance is added with handheld weights or
elastic resistance.

■  The principles of muscle endurance and strengthening 
described in Chapter 6 are used to challenge the spinal 
stabilizing musculature.

■  Table 16.2 summarizes limb-loading exercises that empha-
size the flexor muscles, and Figure 16.44 illustrates the basic
exercise progression in the supine position.

■  Table 16.3 summarizes limb-loading exercises that empha-
size the lower cervical/upper thoracic extensor muscles,
and Figure 16.45 illustrates a basic exercise progression in
the prone position. It is important to note that these exer-
cises do not isolate the flexors or extensors, but the desig-
nation is primarily for emphasis due to the effects of
gravity.

Variations and Progressions in the Stabilization
Program
Remind the patient to find and maintain the neutral spinal
position when doing these exercises.
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FIGURE 16.43 Palpation of the multifidus muscle lateral to the spin-
ous processes in the lumbar spine, (A) bilaterally in the supine posi-
tion and (B) unilaterally in the side-lying position.

A

B
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TABLE 16.2 Cervical Stabilization With Progressive Limb Loading—Emphasis on Cervical 
Flexors  VIDEO 16.15

Instructions: Determine amount of support 
needed and amount of protection. Begin 
each exercise with axial extension to the 
neutral spinal position and maintain it 
while exercising; increase extremity 
repetitions, then increase resistance 
before progressing to a new challenge.

Deep Segmental Activation

Minimum limb loading

Maximum limb loading

Maximum to 
moderate 
protection 
phase

Moderate to 
minimum 
protection 
phase

Minimum to 
no protection 
phase

Maximum Support Minimum Support

Supine Sitting Standing with Standing with no support 
(sitting on ball for wall support (standing on unstable 
less stability) surface for less stability)

Gentle craniocervical flexion/axial extension hold 10 seconds × 10 repetitions

Shoulder flexion to 90°

Shoulder abduction 90°

Shoulder external rotation with arms at sides

Shoulder flexion to end of range

Shoulder abduction combined with external rotation to end of range

Diagonal patterns

Reaching forward, outward, upward in functional patterns

Pushing/pulling and lifting activities

A B

C D E

FIGURE 16.44 Limb loading for basic stabilization progression of cervical musculature in the supine position. Maximum protection phase: 
(A) shoulder flexion to 90°; (B) shoulder abduction to 90°; (C) shoulder external rotation arms at the side. Moderate protection phase: 
(D) shoulder flexion and abduction to end-range; (E) diagonal patterns. 
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TABLE 16.3 Cervical Stabilization With Progressive Limb Loading—Emphasis on Cervical and Thoracic
Extensors  VIDEO 16.16

Instructions: Determine amount of support 
needed and amount of protection. Begin 
each exercise with axial extension to the 
neutral spinal position and maintain it while 
exercising; increase extremity repetitions, 
then increase resistance before 
progressing to a new challenge.

Deep segmental muscle activation—gentle 
craniocervical flexion/axial extension

Minimum limb loading

Maximum limb loading

Maximum to 
moderate 
protection phase

Moderate to 
minimum 
protection phase

Minimum to no 
protection phase

Maximum Support Minimum Support

Prone forehead Quadruped Standing back Standing, no 
on treatment over padded supported by support, (standing 
table—lift stool or gym wall (ball on unstable 
forehead off ball—maintain behind head surface for 
table (Fig. 16.40) eyes focused for less less stability)

on floor stability)

Lift forehead off exercise mat; hold 10 seconds × 10 repetitions

Arms at side: laterally rotate shoulders and adduct scapulae

Arms in 90/90 position (abducted and laterally rotated), horizontally abduct
shoulders and adduct scapulae

Elevate shoulder in full flexion

Arms abducted to 90° and laterally rotated, elbows extended: horizontally
abduct shoulders and adduct scapulae

Upper extremity diagonal patterns

Standing, no support → standing on unstable surface:
■ Reaching forward, outward, upward in functional patterns
■ Pushing/pulling and lifting activities

Standing on unstable surface:
■ Reaching, pushing, pulling

FIGURE 16.45 Limb loading for basic stabilization progression of cervical musculature in prone position. Maximum protection phase: (A) arms
at side, shoulder lateral rotation, and scapular adduction; (B) arms at 90/90, horizontal abduction, and scapular adduction. Moderate protection
phase: 

A B

Continued
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Extremity loading. During the early phases of training, limit
shoulder flexion to 90° flexion and abduction. Once the pa-
tient can maintain stability and symptoms are not provoked,
greater challenges occur with elevating the upper extremity
full ROM. Unilateral and asymmetrical upper extremity 
motion require greater control than bilateral motion.

External resistance. Tables 16.2 and 16.3 summarize pro-
gressions based on position changes. In addition, use of re-
sistance loads (free weights, elastic resistance, or manual
resistance) to any of the exercises adds to the stabilizing
challenge. Even though external resistance applied through
the extremities has the benefit of increasing strength in the
extremity musculature, the primary goal is to increase the
stabilizing response of the cervical musculature. Therefore,
any loss of the neutral spinal posture or increase in cervical
symptoms signals the need to decrease the intensity of the
resistance force.

Unstable surfaces. The application of external resistance
while on an unstable surface, such as sitting on a large 
ball (Fig. 16.46 A), lying prone over a ball (Fig. 16.46 B), or
standing supporting the ball between the head and the wall
(Fig. 16.46 C), provides additional challenges to the muscles
as they respond to perturbations. Many variations of these
exercises can be used to challenge the stabilizing muscles so
long as the patient is able to maintain control.

Muscular endurance and strength. Determine the maxi-
mum level of resistance tolerated by the cervical-stabilizing
musculature that does not reproduce symptoms. Decrease the

intensity and have the patient exercise with multiple repeti-
tions at that level (20 to 30 repetitions or for 1 minute). 
Resistance can then be added for strengthening (decrease the
number of repetitions) at that level before progressing to 
endurance training at the next level.

Integration of Stabilization Exercises 
and Posture Training
Good postural alignment of the neck begins with the pelvis
and lumbar spine and moves up to the scapular and thoracic
regions. The thorax must be lifted up from the pelvis and
scapula retracted in a comfortable position for the cervical
spine to assume an efficient position of axial extension (cer-
vical retraction). Therefore, begin with lumbopelvic control
if necessary and develop thoracic extension and scapular 
retraction. While the patient is performing the extremity 
motions to develop stability, reinforce good scapulohumeral
alignment. It is important to remember that strengthening
alone does not correct faulty posture and, therefore, to utilize
the reinforcement techniques and environmental adaptations
that are discussed in Chapter 14.

Progression of Isometric and Dynamic
Strengthening in Conjunction With 
Functional Activities
When the patient demonstrates good cervical stabilization
and response to various upper extremity resistance changes,
isometric and dynamic exercises are integrated into the 
program. These are described in the Isometric and Dynamic 
Exercise section following this section.
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FIGURE 16.45—cont’d (C) shoulder elevation full range, (D) shoulders 90° with lateral rotation and elbow extended, horizontal abduction,
and scapular adduction.

C D
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Stabilization Exercises for the Lumbar Region
Once the patient learns to activate the deep segmental mus-
cles in the lumbar region, explain that prior to each exercise
the patient is to find the neutral spinal position, perform
the drawing-in maneuver, and then maintain control while
applying an exercise load with extremity motions. The
drawing-in maneuver develops the pattern of setting the
deep abdominal and Mf muscles in a feedforward pattern
and then trains their holding capacity in coordination with
the global muscles.25

Stabilization With Progressive Limb Loading
Begin with the patient supine for greatest support, adding
quadruped exercises when able. If the patient cannot control
the position, pre-position him or her using pillows or supports
(see Box 15.6 in Chapter 15).

■  To improve the holding capacity of the stabilizing muscles,
increase the amount of time the patient does the exercises.
It is important that no exercise is continued if the patient
cannot maintain the stable position. If the deep abdominals
cannot stabilize, substitute patterns in the superficial muscles
that override the deep muscle activation.

■  The StabilizerTM Pressure Biofeedback unit (or blood pres-
sure cuff) may be used for feedback during this early training
(see Box 16.5 for guidelines).

■  Table 16.4 summarizes basic limb-loading exercises in the
supine position that emphasize the abdominal muscles, and
Figures 16.47 and 16.48 illustrate the exercise progression.

■  Table 16.5 summarizes limb-loading exercises in the
quadruped and prone positions that emphasize the exten-
sor muscles, and Figure 16.49 illustrates a basic exercise
progression.
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FIGURE 16.46 Unstable surfaces provide increased challenges to the cervical stabilizing musculature, requiring greater control. Examples in-
clude performing upper extremity motions, such as diagonal patterns (A) while sitting on a gym ball, (B) while quadruped over a gym ball, and
(C) while pressing a ball against the wall. Use of external resistance is also illustrated. 

TABLE 16.4 Basic Lumbar Stabilization With Progressive Limb Loading—Emphasis on Abdominals

Instructions: Patient position hook lying (knees 90°). Place 
pressure cuff under lumbar spine and inflate to 40 mm Hg. 
Begin each exercise with drawing-in maneuver to activate 
deep segmental muscles. Determine level at which patient 
can maintain pressure constant (stable pelvis) while 
performing either A, B, or C limb load activity. For endurance, 
decrease load and perform repetitive motion for 1 minute or 
longer. For strength, progress load.

Lower intensity Level 1: deep segmental muscle activation

Level 2:

Level 3: A, B, or C

Level 4: A, B, or C

Level 5: A, B, or C

Greater intensity Level 6: A, B, or C

Progressive Limb Loading 

A. Lift bent leg to 90° B. Slide heel to C. Lift straight 
hip flexion extend knee leg to 45°

Draw in and hold 10 seconds 

Opposite LE on mat; bent leg fall out

Opposite LE is on table

Hold opposite LE @ 90° of hip flexion with UE

Hold opposite LE @ 90° of hip flexion (no UE assistance)

Bilateral LE movement
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FIGURE 16.47 Bent-leg fall out. Level 2 limb loading for basic stabi-
lization of the abdominal muscles in the supine position. This requires
control to prevent pelvic rotation; stability is assisted by the opposite
lower extremity while hook-lying.  VIDEO 16.17

Level 6 A B C

Level 5

Level 4

Level 3

FIGURE 16.48 Limb loading for basic stabilization progression of the abdominal muscles in the supine position, levels 3 to 6: level 3, stability
assisted by opposite extremity in hook-lying position; level 4, stability assisted by patient holding opposite leg at 90°; level 5, stability challenged
by patient actively holding opposite leg at 90°; level 6, stability challenged with both lower extremities moving. (A) Bent leg lift to 90°. (B) Heel
slide to extend knee. (C) Straight-leg lift to 45°.  VIDEO 16.18

BOX 16.5 Instructions for Use of StabilizerTM

for Stabilization Training With Leg
Loading

Patient position: Supine, hook lying.

■ Place the three-chamber pressure cell under the lumbar
spine horizontally across low back area.

■ Position the spine in neutral.
■ Inflate the pressure cell to a baseline of 40 mm Hg.
■ Draw in the abdominal wall without moving the spine or

pelvis.
■ Pressure should remain at 40 mm Hg (±10 mm Hg) while

performing the lower extremity loading exercises.

Adapted from the instruction manual that accompanies the
Stabilizer™ © 2006 Encore Medical, L.P., with permission.
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Extend one LE

Extend both LE

Lift head, arms, and LE

CHAPTER 16 The Spine: Exercise and Manipulation Interventions 525

TABLE 16.5 Basic Lumbar Stabilization With Progressive Limb Loading: Emphasis on Trunk Extensors

Instructions: Patient position quadruped 
or prone. Patient assumes neutral spine 
in lumbar and cervical regions (keeping 
eyes focused toward floor or exercise 
mat), performs drawing-in maneuver, 
and moves extremities. Motions are 
repeated or alternated from side to side.

Position Load

Lower intensity Quadruped position Flex one UE

Extend one LE by sliding it 
along the exercise mat

Extend one LE and lift 
6–8 inches off exercise mat

Flex one UE and extend 
contralateral LE

Greater intensity Prone lying position—
and spinal near end of range of 
compression motion, requiring 

greater control of 
neutral spine

A B

C D

E F

G

FIGURE 16.49 Limb loading for basic stabilization progression of the lumbar extensors. Begin in the quadruped position and progress the in-
tensity by (A) flexing one UE; (B) extending one LE with a leg slide; (C) extending one LE by lifting it off the mat; (D) flexing one UE while ex-
tending contralateral LE and then alternate to opposite extremities. Progress to prone: (E) extending one LE; (F) extending both LE; and (G)
lifting head, arms, and trunk.  VIDEO 16.19
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patient has difficulty controlling the trunk rotation, use a
prop, such as a dowel rod, placed along the spine. Have the
patient attempt to keep it balanced while performing the arm
and leg exercises (Fig. 16.50). It may be helpful to cue the pa-
tient not to shift his or her weight as the extremity is moved—
this is difficult to do but is effective in bringing in the stabilizing
trunk muscles.

Extremity loading. Boxes 16.5 and 16.6 identify a progres-
sion of exercises in supine and quadruped/prone positions
with extremity loading. Initially, have the patient do the mo-
tions repetitively; then progress to alternating the extremities
or moving all four extremities simultaneously (Fig. 16.51).

526 Stabilization Training: Fundamental Techniques and Progressions

CLINICAL TIP
Performance of extremity loading in the prone position places
a greater compressive load on the lumbar spine5,52 and is not
possible if there are hip flexion contractures; therefore, initiate
extension exercises in the quadruped position so the lumbar
spine can be positioned more easily in neutral and the patient
can learn control.

If the patient cannot bear weight on the extremities or
maintain balance in the quadruped position, use a padded
stool or large gym ball for additional support.

It is important to maintain the cervical spine in its neutral
position during quadruped exercises. The patient should be
able to align the head and focus the eyes on the floor. As the
exercises progress, there is a greater challenge on co-activation
of all of the stabilizing musculature.

NOTE: The exercise progressions described in Table 16.4 are
adapted from several research studies that investigated the re-
liability, validity, and sensitivity to change one exercise level with
abdominal muscle stabilizing ability using lower-limb load-
ing.23,25,39 The exercise progressions described in Table 16.5 are
adapted from electromyography (EMG) studies that docu-
mented extensor activity with limb loading in the quadruped
and prone-lying positions.6,52

Variations and Progressions in the Stabilization
Exercise Program
For all exercises, reinforce the importance of first finding the
neutral spine (cervical and lumbar regions), performing the
drawing-in maneuver, and then maintaining the neutral spine
while superimposing any extremity motions. It is critical to
instruct the patient to stop the exercises (or decrease the 
intensity) as soon as loss of control of the stable spinal posi-
tion is sensed. In order to develop the desired muscle response
it is important not to progress the patient beyond what he or
she is able to control. The emphasis is first on improving the
static holding capacity (endurance) of the trunk muscles 
followed by strengthening. Endurance training of the trunk
extensor muscles is related to decreased pain and improving
function during the early stages of recovery in patients with
subacute LBP.13

Emphasis on muscle endurance. Determine a level of ex-
ercise that the patient can perform for several repetitions
while maintaining a stable spine in the neutral position. Have
the patient exercise at that level with the goal of increasing
the number of repetitions or the time. Once the patient can
perform repetitions for 1 minute, add weights, decrease the
repetitions, and emphasize strength. Progress to the next level
of difficulty for muscular endurance.

Use of external props. Use of the Stabilizer™ pressure
biofeedback unit to help the patient learn control while doing
the abdominal stabilization exercises was described earlier
(see Box 16.5). For exercises in the quadruped position, if the

A

B

FIGURE 16.50 Balancing a rod on the back while doing quadruped
exercises provides reinforcement that the trunk is not twisting. 
(A) Single leg slides. (B) Lifting the opposite arm and leg 
simultaneously, then alternating extremities.

FIGURE 16.51 (A) Alternating LE motions with the “modified 
bicycle” or (B) reciprocal and alternating patterns using the UE 
and LE simultaneously require a strong controlling action in the 
abdominals.

A

B
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This requires the stabilizing musculature to adjust to the
shifting loads. Motions begin in the sagittal plane and then
progress to the transverse plane and diagonal patterns (uni-
lateral and bilateral), in which movement away from the mid-
line adds a rotational component and increases the challenge
to the stabilizing musculature.

External resistance. Use weights, elastic resistance, or pul-
leys for strengthening. Several suggestions are illustrated in
Figures 16.52, 16.53, and 16.54. Even though the extremities
benefit from the exercises, the primary purpose is to improve
performance in the stabilizing muscles of the trunk; therefore,
when signs of fatigue occur, such as poor control of spinal
stability (seen as movement of the pelvis or lumbar spine),
reduce the intensity or stop the exercise and allow recovery.

Position changes. Apply the extremity-loading exercises in
the sitting (supported then unsupported), kneeling, and stand-
ing positions. Also, use modified bridging and plank exercises
to challenge the stabilizing function of the trunk musculature.

These exercises are described in the following Isometric and
Dynamic Exercises section. 

Functional activities. Exercises, such as wall slides and partial
lunges and bridging with extremity motions, use the extremi-
ties and trunk during weight bearing and prepare the muscles
for functional activities. These exercises are described in the
final section under Functional Activities but also serve the 
purpose of challenging the stabilizing muscles.

Unstable surfaces. Use a large gym ball, foam roller, or wob-
ble board to challenge the patient’s balance and develop the
stabilizing musculature. Scott et al73 documented increased
cross sectional area of the Mf when sitting on a large gym ball
when compared with sitting on a firm surface. With the ball,
a variety of positions can be used, such as sitting upright on
the ball with the feet on the floor (Fig. 16.55), lying supine with
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FIGURE 16.52 Developing the stabilizing action of the abdominal
muscles by using pull-down activities against a resistive force from
pulleys or elastic bands. This exercise can also be done sitting or
standing to increase the challenge to the muscles in less stable 
positions.

FIGURE 16.53 Using elastic resistance to train and strengthen the
abdominal muscles in the upright position. The drawing-in maneuver
to set the deep segmental stabilizing muscles precedes the move-
ment of the arms forward against the resistance.

FIGURE 16.55 Strength, balance, and coordination are required to
maintain spinal stabilization while sitting on a gym ball and moving
the extremities. This activity is progressed by adding weights to the
extremities.

FIGURE 16.54 Using elastic resistance to train and strengthen 
the back extensor muscles to stabilize in the upright position 
(A) diagonal patterns while sitting on an unstable surface and 
(B) while standing.
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the trunk on the ball and feet on the floor (see Fig. 16.60 B),
or with the feet on a low mat or wobble board. The foam
roller can be used with the patient supine (Fig. 16.56), kneel-
ing, quadruped (with hands on one roller and knees on an-
other), or standing. Use handheld weights or elastic or pulley
resistance secured at various heights (see Fig. 16.54) to increase
the challenge.  VIDEOS 16.20 AND 16.21

Quadratus Lumborum: Stabilization Exercises
VIDEO 16.22
The quadratus lumborum has been identified as an important
stabilizer of the spine in the frontal and transverse planes.52,63

Strongest activation of this muscle occurs with the side prop-
ping (side plank) position. The EOs are also activated in this
position.48,52

Patient position and procedure: Begin side-lying. Have the
patient prop up on the elbow and then lift the pelvis off the
mat, supporting the lower body with the lateral side of the knee
on the downward side. The position can be maintained for an
isometric hold or performed intermittently (Fig. 16.57 A).
Progress by having the patient support the upper body with the
hand (with the elbow extended) and lateral aspect of the foot
on the downward side (Fig. 16.57 B). Arm and leg movements
(without then with weights) are added to increase the challenge.

 FOCUS ON EVIDENCE
Using ultrasound imaging, Teyhen and associates81 demon-
strated that the side support (side propping) exercise resulted
in the greatest change in muscle thickness of the TrA and IO
muscles with the least amount of lumbar loading compared
to five other trunk exercises (abdominal crunch, drawing-in
maneuver, quadruped opposite upper extremity and lower
extremity lift, supine lower extremity extender, and abdomi-
nal sit back).

Progression to Dynamic Exercises
When the patient has developed control, endurance, and
strength in the stabilizing muscles in weight-bearing and
nonweight-bearing positions, dynamic trunk strengthening
exercises are initiated at a low intensity (see the following 
section). The emphasis is on control and safety.

As the patient returns to his or her instrumental activities
of daily living (IADLs) and limited work activities, instruct
him or her to incorporate the deep segmental activation and
global stabilization techniques into the activities.

 FOCUS ON EVIDENCE
In a 10-year follow up study of individuals with recurring
LBP, half of whom were taught to incorporate abdominal
bracing in daily activities in addition to either a strength-
ening or flexibility exercise program, it was reported that
regardless of exercise intervention, those who regularly used
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FIGURE 16.56 Activation of the stabilizing trunk muscles occurs 
to maintain balance on a foam roll while the extremities move in 
various planes: (A) shoulder horizontal abduction/adduction and 
(B) ipsilateral hip and shoulder flexion/extension are shown. Weights
are added to increase the challenge. 

A

B

A

B

FIGURE 16.57 Quadratus lumborum stabilization training using
side-propping (side plank) (A) on the elbow and knee and (B) on the
hand and foot.
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abdominal bracing when doing functional activities had fewer
recurrences of LBP, suggesting that abdominal bracing adds
to the exercise effect and improves long-term prevention of
recurrent LBP.2

Isometric and Dynamic
Exercises

Isometric exercises may be considered stabilizing exercises, as
there is little or no movement of the spinal segments. They
are included in this section with dynamic exercises, however,
because of the method of application of the resistive force;
that is, the resistive force is applied directly to the axial skele-
ton rather than through limb loading, as described in the
spinal stabilization section. The decision to use the isometric
exercises described in this section must be based on the goals
of intervention. The exercises may be combined with the sta-
bilization exercises in a home exercise program.

Dynamic exercises with spinal movement are introduced
into the patient’s exercise program when the patient demon-
strates effective segmental and global stabilization techniques
and has developed endurance in the stabilizing musculature.
Dynamic exercises should not be a substitute for stabilization
exercises. Because of the load imposed on the spine, they may
exacerbate the patient’s symptoms if introduced prior to ef-
fective stabilization and control. They are important in the
total rehabilitation of the individual with neck, thoracic, or
LBP, as dynamic muscle endurance and strength is required
for many daily activities as well as manual labor and athletic
performance.

Exercises for the Cervical Region
PRECAUTION: Use of external weights via a cable or pulley
system applied directly to the head are contraindicated for cer-
vical strength training due to the compressive loading on the
spine and the potential loss of control during the exercise.

Isometric Exercises: Self-Resistance
The intensity of the isometric exercises can range from low
to high, depending on the patient’s symptoms and tolerance.

Patient position and procedure: Sitting.
■  Flexion. Have the patient place both hands on the forehead

and press the forehead into the palms in a nodding fashion
while not moving (Fig. 16.58 A).

■  Side bending. Have the patient press one hand against the
side of the head and attempt to side bend, as if trying 
to bring the ear toward the shoulder but not allowing
motion.

■  Extension. Have the patient press the back of the head into
both hands, which are placed in the back, near the top of
the head (Fig. 16.58B). 

■  Rotation. Have the patient press one hand against the region
just superior and lateral to the eye and attempt to turn the
head to look over the shoulder without allowing motion.

Isometric Resistance Activities
Patient position and procedure: Standing with a basketball-
sized inflatable ball between the forehead and a wall. Have the
patient keep the chin tucked and not go into a forward-head
posture. The patient maintains the functional position while
superimposing arm motions. Progress by adding weights to
the arm motions (see Fig. 16.46 C).

Dynamic Cervical Flexion
Patient position and procedure: Supine. If the patient can-
not tuck the chin and curl the neck to lift the head off the mat,
begin with the patient on a slant board or large wedge-shaped
bolster under the thorax and head to reduce the effects of grav-
ity (Fig. 16.59). Have the patient practice tucking the chin and
curling the head up. Use assistance until the correct pattern is
learned. Progress by decreasing the angle of the board or
wedge and then adding manual resistance if the patient does
not substitute with the sternocleidomastoid (SCM) muscles.
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FIGURE 16.58 Self-resistance for isometric (A) cervical flexion and
(B) axial extension.

FIGURE 16.59 Training the short cervical flexors while de-
emphasizing the sternocleidomastoid for cervical flexion to regain
a balance in strength for anterior cervical stabilization.
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CLINICAL TIP
Often with faulty forward-head postures, the patient substi-
tutes using the SCM muscles to lift the head when getting up
from the supine position rather than the overstretched, weak,
deep cervical flexors. To correct this muscle imbalance, begin
training capital flexion as described in the stabilization section
(deep segmental muscle activation). For home exercise and
when rising from a bed, emphasize “curling” the head and
neck, not lifting the head up.

Manual Resistance: Cervical Muscles
Patient position and procedures: Supine. Stand at the head
end of the treatment table, supporting the patient’s head for
each exercise.

■  Place one hand on the patient’s head to resist opposite the
motion. Do not resist against the mandible lest force be
transmitted to the temporomandibular joint. Resistance is
given to isolated muscle actions or to general ROMs,
whichever best gains muscle balance and function.

■  Isometric resistance can be applied with the head in any
desired position before applying resistance. Avoid jerking
the neck when applying or releasing the resistance by grad-
ually building up the intensity, telling the patient to match
your resistance, holding, and then gradually releasing and
asking the patient to relax.

Intermediate and Advanced Training
As the patient progresses in the rehabilitation program, greater
challenges to the musculature to stabilize and control motion
are emphasized, especially for those individuals returning to
work, sports, or recreational activities that place greater 
demands on the cervical structures.

Transitional Stabilization for the Cervical and Upper
Thoracic Regions
■  Patient position and procedure: Standing with a basketball-

sized inflatable ball between the head and the wall. Have the

patient roll the ball along the wall, using the head. This re-
quires the patient to turn the body as he or she walks along.

■  Patient position and procedure: Sitting on a large gym ball.
Have the patient walk the feet forward so the ball rolls up
the back and the thorax is resting on the ball (Fig. 16.60 A
and B). The head and neck are maintained in neutral posi-
tion, and the cervical flexors are emphasized. Have the 
patient then walk the ball farther, so it is under the head.
The extensors are now emphasized (Fig. 16.60 C). The 
patient walks the feet forward and backward, alternating
stabilization between the flexors and extensors. Progress to
advanced training by adding arm motions and then arm
motions with weights in each of the positions.

NOTE: This activity requires considerable strength in the cer-
vical extensors to support the body weight and should be per-
formed only with advanced training with patients who have
been properly progressed to tolerate the resistance.

Functional Exercises
Design exercises that simulate patient-specific functional ac-
tivities. Identify what activities stress that individual’s neck and
have the patient practice modifications of those activities with
the spine kept in neutral position. Include pushing, pulling,
reaching, and lifting (see the Functional Training section later
in this chapter). Challenge the patient with increased repeti-
tions and weight and by using patterns that replicate functional
demands.

Exercises for the Thoracic and Lumbar
Regions
Alternating Isometric Contractions and
Rhythmic Stabilization  VIDEO 16.23
Patient positions and procedures: Begin with the patient
supine in the most stable position (Fig. 16.61). Progress to sit-
ting kneeling, and then standing. Sitting, brings in the hip
muscles, kneeling adds the knee muscles, and standing requires
stabilizing action in the hip, knee, and ankle musculature 

530 Isometric and Dynamic Exercises

A B C

FIGURE 16.60 Advanced exercises for strengthening the cervical and upper thoracic flexors and extensors as stabilizers. Begin by (A) sitting
on a large gym ball, then (B) walking forward while rolling the ball up the back. With the ball behind the midthoracic area, the cervical flexors
must stabilize. Continue walking forward until the ball is (C) under the head; the cervical extensors now must stabilize. Walk back and forth 
between the two positions (B and C) to alternate control between the flexors and extensors. Progress by adding arm motions or arm motions
with weights to increase resistance.
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as well as the spinal muscles. Apply resistance directly against
the patient’s shoulders or pelvis, against a rod that is held by
the patient (as in Fig. 16.61), or against the patient’s out-
stretched arms.

■  Have the patient find the neutral spine position and then
activate the stabilizing muscles with the drawing-in ma-
neuver prior to applying the resistive force. Then instruct
the patient to “meet my resistance” while applying a force
to stimulate isometric contractions. Apply the resistance 
in alternating directions at a controlled speed while the 
patient learns to maintain a steady position.

■  Initially, provide verbal cues, such as “hold against my 
resistance, but do not overpower me. Feel your abdominal
muscles contracting. Now, I’m pulling in the opposite 
direction. Match the resistance and feel your back muscles
contracting.”

■  Progress by shifting the directions of resistance without the
verbal cues and then by increasing the speed and force.

■  Begin with alternating resistance in the sagittal plane;
progress to side-to-side and then transverse plane resist-
ance. Isometric resistance to trunk rotation (transverse
plane resistance) has been shown to be the most effective
in stimulating the oblique abdominals, TrA, and deep
spinal extensor muscles.68

■  Increase the challenge by having the patient sit on a 
large gym ball while stabilizing against the alternating 
resistance.

■  Alternating resistance to pelvic rotation can also be done
by having the patient assume a modified bridge position.
Apply resistance directly to the pelvis to stimulate rotation
while the patient isometrically holds the pelvis and spine
in a stable position.

Isometric and Dynamic Strengthening:
Abdominal Muscles
NOTE: Dynamic and high intensity isometric exercises of the
trunk musculature are not initiated until late during the rehabil-
itation process and not until after the patient has learned to 
activate the drawing-in maneuver automatically for stabilization
in all functional activities.

No one abdominal exercise equally challenges all of the 
abdominal muscles;52 therefore, a variety of exercises should
be included in the patient’s exercise program to include the 
entire region.

 FOCUS ON EVIDENCE
EMG studies have looked at abdominal muscle recruitment
with various abdominal exercises.5,20,45,48,52,83 Although
there is some variation in outcomes, based on the study 
design and method of recording, in general the following
can be summarized: 

■  Curl-ups (various types) recruit primarily the RA, with
lower activity in the obliques, TrA, and psoas.

■  Sit-ups (straight-leg and bent-knee) show high rectus and
EO activity, high psoas activity, and high low back com-
pression. Heel press sit-ups increase psoas activity.

■  Hanging-leg raises show high EO and high spinal 
compression.

■  Supine single-leg lifts show negligible global abdominal
muscle activity (opposite lower extremity provides stabil-
ity). Primarily, these exercises are used early in the stabi-
lization exercise routines to train the deep stabilizing
muscles under progressive extremity loading.

■  Supine-bilateral leg lifts show increased activity in the RA,
EO, and IO during the first part of the range of hip flexion
and increased load on the spine.

■  Curl-ups on a labile surface doubled the activity of the RA
and increased the activity of the EOs four-fold compared
with curl-ups on a stable surface.83

■  V-sits show the greatest EMG muscle activity in the RA 
and EO. 48

■  Prone bridges (planks)15,43 and pike with legs on a large
gym ball show high activity in the RA, EO, and IO.20,43

Rectus abdominis. There is no clinically significant selective
difference between the upper and lower RA function.45 Both
portions contract strongly in all trunk curl-type and leg lift
exercises.45,52 Strongest contraction occurs in V-sits, curl-ups,
and sit-ups.48

External obliques. EOs contract strongest in sit-ups and 
diagonal sit-ups to the opposite side,50 as well as v-sits.48

Internal obliques. IOs contract strongest in diagonal sit-ups
to the same side and horizontal side propping (see Fig. 16.57),52

as well as with abdominal bracing and hollowing.48

Transversus abdominis. Use of the drawing-in maneuver
prior to the abdominal crunch, abdominal sit-back, and lat-
eral side propping activates increased muscle thickness in the
TrA (demonstrated with ultrasound imaging).81
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FIGURE 16.61 Alternating isometric resistance applied in the sagit-
tal, frontal, and horizontal planes with the patient supine to stimulate
the stabilizing function of the trunk musculature.
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Trunk Flexion (Abdominals): Supine
Patient position and procedures: Supine or hook-lying
with the lumbar spine neutral. McGill52 suggested supporting
the low back with the hands to maintain slight lordosis. The
spine should not be allowed to go into an increased lordosis
during the exercise—this indicates weakness of the abdomi-
nals and consequently lifting of the trunk occurs from hip
flexor action only.42 When training the abdominals, curl-up
exercises should be performed at a slow, controlled rate to 
activate the stabilizing function of the abdominals.84

PRECAUTIONS: If a patient experiences pain or increased
radicular symptoms with trunk flexion, these exercises should
not be done. Use the stabilization exercises, as described in the
previous section, with the spine maintained in a neutral position
(slight lordosis).

Curl-ups. First, instruct the patient to perform the drawing-
in maneuver to cause a stabilizing contraction of the abdom-
inal muscles.81 Progress by lifting the shoulders until the
scapulae and thorax clear the mat, keeping the arms horizon-
tal (Fig. 16.62). A full sit-up is not necessary, because once the
thorax clears the mat, the rest of the motion is performed by
the hip flexor muscles.

■  Further progress the difficulty of the curl-up by having the
patient change the arm position from horizontal to folded
across the chest and then to behind the head, and then by
holding a weight or medicine ball. 

Curl-downs. If the patient is unable to perform the curl-up,
begin with curl-downs by having the patient start in the
hook-sitting or long-sitting position and lower the trunk only
to the point at which he or she can maintain a flat low back
and then return to the sitting position.

■  Once the patient can curl-down full range, reverse and per-
form a curl-up.

Diagonal curl-ups. Have the patient reach one hand toward
the outside of the opposite knee while curling up, then alternate.
Reverse the muscle action by bringing one knee up toward the
opposite shoulder, then repeat with the other knee. Diagonal 
exercises emphasize the oblique muscles.

Curl-ups on an unstable surface. Progress the above curl-
up exercises on an unstable surface, such as a large gym ball
(Fig. 16.63), foam roller, or a biomechanical ankle platform
system (BAPS) board.

 FOCUS ON EVIDENCE
Both healthy adults24 and patients with chronic LBP3,29 have
been shown to have impaired balance. Using unstable sur-
faces, such as a gym ball or a balance board, while doing ab-
dominal curl-up exercises has been shown to increase activity
in the IOs and EOs and the RA.83 The presumption is that
these muscles generate increased activity to maintain balance
on the unstable surfaces.

Double knee-to-chest. To emphasize the lower RA and
oblique muscles, have the patient set a posterior pelvic tilt, bring
both knees to the chest, and return. Progress the difficulty by
decreasing the angle of hip and knee flexion (Fig. 16.64).
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FIGURE 16.62 The curl-up exercise to strengthen the abdominal
muscles. The thorax is flexed on the lumbar spine. The arms are
shown in the position of least resistance. Progress by crossing the
arms across the chest and then behind the head.

FIGURE 16.63 Curl-ups on an unstable surface. The unstable sur-
face increases activity in the oblique and rectus abdominis muscles.

FIGURE 16.64 Strengthening the abdominal muscles by flexing the
hip and pelvis on the lumbar spine. The legs are shown in the posi-
tion for least resistance. Progress by decreasing the angle of hip 
flexion until the legs can be lifted with the knees extended, as in 
the pelvic lift.

Pelvic lifts. Have the patient begin with the hips at 90° and the
knees extended; then lift the buttocks upward off the mat (small
motion). The feet move upward toward the ceiling (Fig. 16.65).
The patient should not push against the mat with the hands. 
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Bilateral straight-leg raising. Have the patient begin with
legs extended; then perform a posterior pelvic tilt followed by
flexing both hips, keeping the knees extended. If the pelvis
and spine cannot be kept stable, the knees should be flexed to
a degree that allows control. If the hips are abducted before
initiating this exercise, greater challenge is placed on the
oblique abdominal muscles.

Bilateral straight-leg lowering. Bilateral straight-leg low-
ering can be performed if the bilateral straight-leg raising is
difficult. Have the patient begin with the hips at 90° and knees
extended; then, lower the extremities as far as possible while
maintaining stability in the lumbar spine (should not increase
the lordosis), followed by raising the legs back to 90°. See the
Precaution under the bilateral SLR exercise.

PRECAUTIONS:
■ The strong pull of the psoas major causes shear forces on

the lumbar vertebrae. Also, the bilateral straight-leg raising
and lowering exercises cause increased spinal compression
loads.

■ If there is any LBP or discomfort, especially with spinal 
hypermobility or instability, the bilateral straight-leg raising
and lowering exercises should not be performed even if 
the abdominals are strong enough to maintain a posterior
pelvic tilt.

■ Be sure the patients avoid holding their breath (Valsalva ma-
neuver) as they may try to use their diaphragm to provide
the stabilization.

Trunk Flexion (Abdominals): Sitting or Standing
Patient position and procedures: Sitting or standing. Pul-
leys or elastic material are secured at shoulder level behind
the patient. Progress the resistance as the patient’s abdominal
strength increases.

■  Have the patient hold the handles or ends of the elastic ma-
terial with each hand and then flex the trunk, with emphasis

on bringing the rib cage down toward the pubic bone and
performing a posterior pelvic tilt (Fig. 16.66).

■  Have the patient perform diagonal motions by bringing one
arm down toward the opposite knee with emphasis on mov-
ing the rib cage down toward the opposite side of the pelvis.
Repeat the diagonal motion in the opposite direction.

Trunk Flexion (Abdominals): Prone 
Patient position and procedures: Prone lying and with
variations using a large gym ball. 

Planks (prone bridging). Have the patient support self on 
elbows and knees and elevate the pelvis off the floor while
maintaining a neutral spinal position (Fig. 16.67A). If tolerated,
progress to supporting self on elbows and toes, hands and
knees, or hands and toes. If able, have the patient alternately lift
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FIGURE 16.65 Pelvic lifts. Elevating the legs upward toward the
ceiling by raising the buttocks off the floor emphasizes strengthening
the lower abdominal muscles.

R

FIGURE 16.66 Standing trunk flexion against elastic material to
strengthen the abdominal muscles. The patient performs a posterior
pelvic tilt and then approximates the ribs toward the pubis.

FIGURE 16.67 Plank position (A) on elbows and knees, and (B) on
elbows and toes; shown is a progression with alternating lower ex-
tremity extension while in the elbow-toe position.

B

A
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one leg then the other (Fig. 16.67B), and then one arm with
opposite leg. Planks with either arms on a large gym ball, or
legs on the ball require high stabilization activity in the abdom-
inal muscles.15,20

Roll-out on gym ball. Have the patient begin with knees on
the floor and hands on the ball, and then have the patient roll
the ball outward away from the knees until the forearms are
on the ball, and then return upright while maintaining a neu-
tral spinal position (Fig. 16.68 A and B).

Pike on a gym ball. Have the patient begin with legs sup-
ported on the gym ball and hands on the floor then roll the
legs along the ball while elevating the pelvis upward in a pike
position. This is a difficult exercise requiring high activity in
the abdominal muscles.20

Advanced planks with push-ups. Advanced variations of
prone exercises that challenge the abdominal muscles com-
bined with upper extremity push-ups, are depicted in the
Functional Activities section later in this chapter (see Fig. 16.74)
and in Chapter 23 (see Figs. 23.23 and 23.24).

Isometric and Dynamic Strengthening: Erector
Spinae and Multifidus Muscles
Strengthening the extensor muscles and an improved 
extensor/flexor ratio of the trunk muscles have been found

to be important in decreasing symptoms in patients with
chronic LBP.78

 FOCUS ON EVIDENCE
Lee and associates44 determined that the trunk extensor/flexor
ratio is a sensitive parameter for predicting LBP. After following
67 asymptomatic individuals for 5 years, they found an in-
creased incidence of LBP in those who had lower extensor
strength than flexor muscle strength. Danneels and colleagues16

demonstrated that intensive lumbar resistance training (iso-
metric or dynamic) is necessary to develop paravertebral mus-
cle strength and bulk. The following is a summary of specific
exercise outcomes studies:

■  Dynamic prone extension (prone arch), isometric trunk ex-
tension, and isometric leg extensions: result in high activity
in both the Mf and erector spinae,59 trunk extensor muscles
activated at a higher level with trunk extension than with
leg extension exercises,18 and stronger contractions in the
extensors when both lower extremities are stabilized during
trunk extension.19

■  Quadruped and prone upper and lower extremity lifts:
stronger contractions than bridging (including bridging with
feet on gymnastic ball or shoulders on gymnastic ball).19

■  Isolated training of Mf: requires a low-intensity focus, as
described in the Stabilization section.65

Extension Exercises in Prone or Quadruped
Position
Resistance can be applied to any of the following recumbent
exercises by having the patient hold weights in the hands or
by strapping weights around the patient’s legs.

PRECAUTIONS: Extension exercises in the prone position
(prone arch) are performed at the end of the ROM in spinal ex-
tension and therefore may not be appropriate for individuals
with symptoms from conditions, such as arthritis, spondylolis-
thesis, nerve root compression, or other flexion bias conditions,
or patients who develop symptoms under loaded conditions
(e.g., with disc lesions). Modify the positioning toward more neu-
tral spinal positions by using the quadruped position and em-
phasize stabilization with isometric holds rather than moving
into full extension (see Figs. 16.49 A through D, 16.50, and 16.54).

Thoracic elevation. Begin with the arms at the sides, progress
to behind the head or reaching overhead as strength improves.
Have the patient tuck in the chin and lift the head and thorax.
The lower extremities must be stabilized (Fig. 16.69).

Leg lifts. Initially, have the patient lift only one leg, alternate
with the other leg, and, finally, lift both legs and extend the
spine (see Fig 16.49 E through G). Stabilize the thorax by hav-
ing the patient hold onto the side of the treatment table.
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A

B

FIGURE 16.68 Beginning (A) and end positions (B) for roll-out on a
large gym ball to strengthen the abdominal muscles.
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Variations. Patient positioned prone on a large gym ball;
combine spinal extension with upper extremity and/or lower
extremity resistance, similar to exercises described in the sta-
bilization exercise section (see Fig. 16.46 B).

Extension Exercises Sitting or Standing
Elastic resistance or weighted pulleys. Secure pulleys or
elastic resistance in front of the patient at shoulder level. Have
the patient hold onto the ends of the material or handles and
extend the spine (Fig. 16.70).

For trunk rotation, use a pulley or elastic resistance secured
under the foot or to a stable object opposite the side being ex-
ercised. Have the patient pull against the resistance, extending
and rotating the back. Change the angle of pull of the resist-
ance to recreate functional patterns specific to the patient’s
needs (Fig. 16.71).

Trunk Side Bending (Lateral Abdominals,
Erector Spinae, Quadratus Lumborum)
Trunk side-bending exercises are used for general strength-
ening of the muscles that side bend the trunk.

 FOCUS ON EVIDENCE
McGill52 identified the quadratus lumborum as one of the
most important stabilizers of the spine and documented the
isometric horizontal side support (side plank) as an effective
exercise to strengthen this muscle (see discussion in the 
Stabilization section and Fig. 16.57).

Side-bending exercises are also used if there is scoliosis, 
although exercise alone has not been shown to halt or change
the progression of a structural scoliosis curve. Exercise in con-
junction with other methods of correction, such as bracing, is
often employed.10,57,58 When there is a lateral curve, the mus-
cles on the convex side are usually stretched and weakened.
The following exercises are described for use as strengthening
exercises on the side of the convexity, although they may be
used bilaterally for symmetrical strengthening. Stabilization
exercises for spinal control, as previously described, may be
beneficial for strengthening and conditioning when there is
scoliosis.

■  Patient position and procedure: Standing. Place elastic re-
sistance under the foot or have the patient hold a weight in
the hand on the side of the concavity; then have him or her
side bend the trunk in the opposite direction.

■  Patient position and procedure: Side-lying on the concave
side of the curve with the apex at the edge of the table or
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FIGURE 16.69 Strengthening the back extensors with the arms in
position to provide maximal resistance. Additional resistance can be
provided by holding weights in the hands.

R

FIGURE 16.70 Using elastic resistance for concentric eccentric
back extension.

R

FIGURE 16.71 Rotation with extension strengthens the back exten-
sors in functional patterns. 
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mat so the thorax is lowered. If you have access to a split
table with one end that can be lowered, begin with the apex
of the curve at the bend of the table. Have the patient place
the lower arm folded across the chest and upper arm along
the side of the body and side bend the trunk up against
gravity. Progress by having the patient clasp both hands be-
hind the head (Fig. 16.72). Stabilization of the pelvis and
lower extremities must be provided.

Cardiopulmonary Endurance

Goal. To develop cardiopulmonary fitness for overall endurance
and well-being.

Aerobic conditioning exercises provide many benefits for
the patient with spinal symptoms. The activity not only im-
proves cardiopulmonary endurance, but also stimulates feel-
ings of well-being and relief of symptoms. Chapter 7 describes
cardiopulmonary conditioning principles and procedures.
Specific precautions and suggestions for medical conditions
are also explained. For patients recovering from spinal in-
juries, surgery, or postural dysfunction, aerobic exercises may
be initiated once signs of inflammation no longer exist. Begin

with low to moderate intensity and work with the patient to
choose activities that do not place added stress on the recov-
ering spinal structures. If a particular spinal bias has been
identified (see Chapter 15), choose aerobic exercises that em-
phasize that spinal bias. A brief summary of the principles is
reviewed in Box 16.6. Guidelines for safe application of com-
mon conditioning exercises when there are spinal impair-
ments are described in this section.

Common Aerobic Exercises
and Effects on the Spine

Some aerobic exercises place the spine in end-range posi-
tions. They are reviewed so the reader understands why
some activities may be inappropriate for patients with spe-
cific conditions. If modifications are possible, they should
be considered.
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A

B

FIGURE 16.72 Antigravity strengthening of the lateral trunk muscu-
lature. (A) There is less resistance if the top arm is at the side and
the bottom arm is folded across the chest. (B) Increase resistance by
positioning the arms behind the head.

BOX 16.6 Summary of Aerobic Conditioning
Principles

1. Establish the target heart rate and maximum heart rate.
■ The maximum heart rate is generally 220 minus the

individual’s age or may be the symptom-limiting heart
rate (the rate at which cardiovascular symptoms
appear).

■ Target heart rate is between 60% and 80% of the
maximum heart rate.

2. Perform warm-up exercises for 10 to 15 minutes,
including active movements of the neck and trunk.

3. Individualize the program of exercise.
■ Select activities that emphasize the patient’s spinal bias

if necessary (see information in the text).
■ Not all people are at the same fitness level and therefore

cannot perform the same exercises. Any one exercise has
the potential to be detrimental if attempted by someone
not able to execute it properly.

■ To avoid overuse syndromes to structures of the
musculoskeletal system, appropriate equipment, such
as correct footwear, should be used for biomechanical
support with weight-bearing exercises.

4. Increase the pace of the activity to reach the target heart
rate and maintain it for 20 to 30 minutes.

5. Cool down for 5 to 10 minutes with slow, total body,
repetitive motions and stretching activities.

6. Frequency of aerobic exercise should be three to five
times per week.

7. Always stay within the tolerance of the individual. Overuse
commonly occurs when there is an increase in time or
effort without adequate rest (recovery) time between
sessions. Increase repetitions or time by no more than
10% per week.47 If pain begins while exercising, heed the
warning and reduce the stress.
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Cycling
Road bikes place the thoracolumbar spine in flexion and the
upper cervical spine in hyperextension. Use this exercise for
patients who have a flexion bias in the lumbar region so long
as there are no upper cervical symptoms. Modifications in-
clude using a bike that positions the body in a more upright
posture, such as a mountain bike or hybrid bike. Many sta-
tionary bikes also position the individual in upright postures
and therefore are less likely to precipitate cervical problems.

Walking and Running
The upright posture emphasizes normal spinal curves, and
lumbar extension is emphasized with walking and running
(terminal stance). Emphasize the importance of identifying
the neutral spine, activating the drawing-in maneuver, and sta-
bilizing the spine while walking or running. Because conscious
control is not possible during the entire exercise time, coach
the patient to check his or her posture and muscle control fre-
quently, such as each time he or she crosses an intersection or
passes another individual or if symptoms develop in the spinal
region. Walking or running with the cervical spine in retrac-
tion (axial extension) and the scapulae comfortably adducted,
along with a rhythmic arm swing, reinforces cervical stabiliza-
tion. Easy access to treadmills, tracks, or roads and trails makes
these activities popular. Running is a high-impact activity and
may not be tolerated by individuals with intervertebral disc 
lesions or degenerative joint conditions.

Stair Climbing
Commercial devices that replicate stepping with various grades
of resistance are used for strengthening and aerobic condition-
ing. Regular steps can also be used for aerobic conditioning.
This activity requires pelvic control of the reciprocating lower
extremities, because lifting the leg on one side emphasizes
spinal flexion while the contralateral lower extremity and spine
are extending. Coach the patient to maintain the neutral spine
with the stabilizing muscles against the rotational forces.

Cross-Country Skiing and Ski
Machines
Cross-country skiing, whether out in the cold or on a com-
mercial machine, is a high-intensity aerobic activity. The kick-
ing motion that accompanies the backward motion of the leg
emphasizes spinal extension. It is important to coach the pa-
tient to maintain the neutral spine and contract the stabilizing
abdominal muscles.

Swimming
Breast stroke. The breaststroke emphasizes extension in the
cervical and lumbar spinal regions when taking a breath.
Coach the patient not to extend the neck full range but to keep

it neutral and lift the head out of the water as a “solid” unit
with the thorax just enough to clear the mouth for breath.

Freestyle. The freestyle stroke may exacerbate cervical prob-
lems because of the repetitive cervical rotation while taking a
breath; this stroke also emphasizes lumbar extension with the
flutter kick. Teach the patient to breathe using a “log-roll”
technique in which the whole body rolls toward one side
while breathing and then rolls back to the face-down position
for the stroke. This requires good spinal stabilization.

Backstroke. The backstroke emphasizes spinal extension via
kicking the lower extremities and the arm motions.

Butterfly stroke. The butterfly stroke moves the spine through
a full ROM; emphasis is placed on controlling the range with
the stabilizing muscles.

Upper Body Ergometers
Ergometry machines provide upper extremity resistance and
can also be used for aerobic training. Forward motions em-
phasize spinal flexion and shoulder girdle protraction; back-
ward motions emphasize spinal extension and shoulder girdle
retraction. Coach the patient to assume the neutral spinal
posture and use the stabilizing muscles prior to and during
the use of the ergometer to enhance postural responses. If the
machine can be used standing, progression to the standing
position stimulates a total body response.

Step Aerobics and Aerobic Dancing
Stepping is similar to using stairs or a stair machine except
for the jumping and bouncing that is usually added to the
more advanced step aerobics programs.

Dancing moves take on many forms, and classes are taught
that address various fitness levels and age groups. If possible,
review safe movement patterns and help the patient recognize
the safe limits of his or her spinal range and abilities.

Cross Fit
This high intensity and variable strength training program
has become increasingly popular since the early part of the
century. It yields the benefits of aerobic exercise combined
with team building. Smith et al74 followed 43 participants in
a 10-week program. Pre and post VO2max and body fat per-
centage both showed improvement. To determine if people
are at increased risk for injury, Hak et al26 distributed online
questionnaires to international Cross Fit forums. One hun-
dred thirty-two people responded, with 97 reporting an in-
jury that was caused by training, 9 of which required surgery.
This yielded an injury rate of 3.1 per 1,000 hours of Cross Fit
training. This injury rate is similar to Olympic sports such as
weight lifting and gymnastics. As with all exercise programs,
it is important to provide proper instruction for safe use of
equipment and application of each exercise related to specific
abilities or limitations of each person.
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“Latest Popular Craze”
People like variety and may be attracted to charismatic and en-
ergetic figures who demonstrate “new” workout techniques and
routines or new exercise machines. Patients may ask for advice
as to the value of the activities and techniques. Knowledge and
skill in analyzing the biomechanics of the activity and the forces
that are imposed through the spine should be used to provide
advice about exercise safety. End-of-range postures and high-
velocity stresses (such as vigorous kicking and ballistic motions)
may be damaging to vulnerable tissues in the spine and should
not be attempted by patients recovering from spinal problems.

Functional Activities

Goal. To progress to independence safely.

NOTE: Achieving the maximum level of independence under-
lies all the goals of therapeutic exercise. The patient develops
segmental and global spinal stability; develops flexibility, mus-
cle endurance, and strength; learns how exercise and posture
correction relieve stress; and develops cardiopulmonary 
endurance—all to be able to function safely in daily activities,
including work, recreation, and athletic pursuits.

Early Functional Training:
Fundamental Techniques

Early functional training consists of teaching basic maneuvers
needed for ADL, such as safely rolling over, moving from lying
down to sitting (and reverse), and going from sitting to stand-
ing (and reverse). These techniques follow the early kines-
thetic training instruction in which the patient learns to find
his or her neutral spine and experiences the effect that simple
arm and leg motions have on the spine, as well as early muscle
performance training in which the patient learns how to ac-
tivate the core musculature for segmental stabilization. If the
examination reveals problems with basic ADL activities, the
following are included in the early training program.

Rolling. Rolling with a neutral spine requires that the patient
first find the neutral spine, perform the drawing-in maneuver,
and then roll the trunk as a unit.

■  It may be helpful to suggest that the patient “imagine a
solid rod connecting the shoulders and pelvis so as not to
twist” or suggest that he or she “roll like a log.”

■  Encourage the patient to use the arms and top leg to assist
the roll.

Supine to sit/sit to lying down. Have the patient use the log
roll maneuver (as described above) to roll from supine to
side-lying while simultaneously flexing the hips and knees
and pushing up with the arms.

■  Help the patient focus on stabilizing the trunk with com-
mands such as “push up your trunk as if it is a board; do
not allow it to twist or bend.”

■  The reverse is practiced by coaching the patient to lower to
the side-lying position as a unit first onto the elbow and
then shoulder. Once down, the patient can roll to supine
or prone-lying using the log-roll technique.

Sit to stand/stand to sit. The patient’s level of function dic-
tates how much assistance from the upper extremities is
needed to accomplish “sit to stand” or “stand to sit.” If the hip
and knee extensors are not strong enough to elevate the body,
the patient requires a chair with armrests, so there is some
leverage for pushing up; alternatively, a firm seat or elevated
seat may be necessary.

■  To use the stable spine technique, instruct the patient to find
the neutral spine by rolling the pelvis forward and backward,
activate the drawing-in maneuver, and then bend forward at
the hips while maintaining the neutral spine position.

■  Help the patient focus on the hip motion while keeping the
spine “solid like a board.” The reverse is also practiced.

In and out of a car. Getting in and out of a car is often
symptom-provoking for patients with low back or sacroiliac
joint pain. Once sit to stand can be safely performed, have the
patient practice the following:

■  Approach the open car door and seat with the back toward
the seat; stabilize the spine in its neutral position with the
drawing-in maneuver; then bend at the hips and sit down.

■  Once seated, flex both hips and knees and pivot the whole
body around as a unit, maintaining a stable spine.

■  When exiting a car, keep both knees together and pivot the
legs and trunk outward as a unit. Once the feet are on the
ground, bend at the hips and elevate the trunk as a unit.

Walking. For some patients, walking may provoke symptoms.

■  Remind the patient to use the neutral spine and drawing-
in maneuvers to stabilize the spine while walking.

■  It is not possible to maintain conscious control for long, so
remind the patient to check the spinal posture and reactivate
the drawing-in maneuver whenever the symptoms recur.

Preparation for Functional
Activities: Basic Exercise
Techniques

Once the patient has learned to manage his or her symptoms
and the symptoms of inflammation diminish, exercises are ini-
tiated that prepare the extremities and trunk for functional ac-
tivities, such as safely lifting, carrying, pushing, pulling, and
reaching in various directions. In the subacute or controlled
motion phase of rehabilitation, emphasis is placed on strength-
ening the extremities in functional patterns while maintaining
a stable spine. The patient should be able to perform IADLs
and limited work activities at this stage. Evaluate the patient’s
performance and modify what he or she is doing to include safe
spinal postures and correct stabilization. Use the activities in
this section to prepare for or advance the patient’s function.
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Many of the strengthening exercises described in the 
extremity chapters are appropriate to use in preparation for
functional training. With postural problems and recovery
from back or neck injuries, it is critical to emphasize the neu-
tral (functional) spinal posture before and during total body
exercises. Many of the stabilization and movement patterns
described earlier in this chapter can also be progressed in 
intensity, repetition, speed, and coordination to prepare for
return to functional activities.

Weight-Bearing Exercises
Modified Bridging Exercises
Modified bridging exercises require stabilization with the trunk
flexor and extensor muscles in conjunction with strengthening
the gluteus maximus and quadriceps muscles in preparation
for lifting activities. The abdominals function with the gluteus
maximus to control the pelvic tilt, and the lumbar extensors
stabilize the spine against the pull of the gluteus maximus.

Patient position and procedures: Begin with the patient
hook-lying. Have the patient concentrate on maintaining the
neutral spinal position while raising and lowering the pelvis
(flexing and extending at the hips) (see Fig. 20.28). Hold the
bridge for isometric control.

■  Alternate arm motions; progress by adding weights to the
hands.

■  Alternate lifting one foot and then the other by marching
in place (Fig. 16.73 A); progress by extending the knee 
as each leg is lifted. When the patient tolerates greater 

resistance, add ankle weights and coordinate with arm
motions (Fig. 16.73 B).

■  Abduct and adduct the thighs without letting the pelvis sag.
Progress by placing the feet on a stool, chair, or large gym
ball and repeating the bridging activities, or by placing the
large gym ball under the shoulder/neck region with feet on
the floor.

Push-Ups With Trunk Stabilization
Push-ups use the body weight to strengthen the triceps and
shoulder girdle musculature in preparation for pushing ac-
tivities. The trunk musculature must stabilize against the pull
of the shoulder girdle musculature as well as control the neu-
tral spinal position as the body is raised and lowered.

Patient positions and procedures: Standing facing a wall
or prone-lying with hands placed against the wall or floor in
front of the shoulders. Remind the patient to find and main-
tain the neutral spinal position while performing the exercise.

■  These exercises may begin as wall push-ups if the patient
is not strong enough to push up from the floor.

■  Prone-lying on the floor, the patient may push up with the
pivot point being the knees or may perform full body push-
ups with the pivot point being the feet.

■  To challenge the patient on an unstable surface, he or she
begins prone on a large gym ball. Have the patient walk
forward with the hands on the floor until just the thighs
are supported by the ball, maintain a stable spinal posture,
and perform push-ups with the arms. To progress, walk
out farther with the hands until just the legs are supported
by the ball (Fig. 16.74). Additional advanced push up ac-
tivities are described and illustrated in Chapter 23 (see
Figs. 23.21 to 23.24).
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B

FIGURE 16.73 Holding a modified bridge to develop trunk control
and gluteus maximus strength while superimposing extremity mo-
tions by (A) marching in place and (B) extending the extremities.
Adding weights to the arms or legs requires greater strength and
control.

FIGURE 16.74 Push-up activities with the lower extremities balanced
on a gym ball for strengthening the arms and developing trunk control.

Wall Slides
Wall slides develop strength in the hip and knee extensor
muscles to prepare the lower extremities for squatting activi-
ties and training in safe body mechanics.

Patient position and procedure: Standing with the back to
a wall and the spine held in its neutral position. Place a towel
behind the back, so it slides easier along the wall. The exercise
is more challenging if a large gym ball is placed between the
back and the wall (Fig. 16.75). Have the patient slide his or
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her back down the wall into a partial squat and hold the posi-
tion for isometric strengthening of the hip and knee extensors
or move up and down for concentric/eccentric strengthening.

■  Superimpose arm motions such as alternating or bilateral
shoulder flexion/extension.

■  Progress strengthening by incorporating single leg move-
ments with marching steps or alternate knee extension.

■  Use handheld weights to add resistance for upper and lower
extremity strengthening.

Partial Lunges, Partial Squats, and Steps
Partial lunges and squats are described in Chapters 20 and 21.
They are beneficial for strengthening total body movement
in preparation for learning body mechanics. If necessary,
begin by having the patient balance by holding onto the side
of a treatment table or other stable object and then progress
to balancing with a cane (see Fig. 20.32). Once able to perform
multiple repetitions without holding on, add weights to the
upper extremities for resistance.

■  Add arm motions that are synchronized with the leg mo-
tions, such as reaching forward and downward to develop
coordination and control.

■  Progress to lunging onto an unstable surface and return
upright.

■  Add step-up/step-down activities, beginning with a low
step and progressing the height.

Walking Against Resistance
Secure a weighted pulley or elastic resistance around the pa-
tient’s pelvis with a belt, or the patient can hold the handles.
Have the patient walk forward, backward, or diagonally against
the resistive force. Emphasis is placed on spinal control (see
Fig. 23.34).

Progress by having the patient push and pull weighted ob-
jects, such as a cart or a box on a table. Place emphasis on
maintaining a stable spinal position while the extremities are
loaded (see Figs. 17.58, 18.21 A, 23.18, and 23.36).

Transitional Stabilization Exercises
Exercises that cause movement into spinal flexion and then
extension (and vice versa) challenge the patient to control the
neutral spine position. The patient learns to stabilize the spine
against alternating trunk and extremity motions.

Quadruped Forward/Backward Shifting
Patient position and procedure: Quadruped. Have the pa-
tient rock back to rest the buttocks on the heels; then shift the
body forward onto the hands in the press-up position. The pa-
tient concentrates on controlling the pelvis in its neutral posi-
tion rather than allowing full spinal flexion when shifting
toward the heels or full spinal extension when shifting forward
toward the press-up position.

Squatting and Reaching
Patient position and procedure: Begin standing. Have the
patient reach downward while partially squatting. The ten-
dency is for the spine to flex, so have the patient concentrate
on maintaining a neutral spinal position with the spinal ex-
tensors. The patient then stands up and reaches overhead. This
causes the spine to extend, so have the patient concentrate on
using the trunk flexors to stabilize in the neutral position.
Progress by lifting and reaching with weights while controlling
the neutral posture of the spine.

Shifting Weight and Turning
Have the patient practice shifting weight forward/backward
and side-to-side while maintaining the neutral spinal position
and absorbing the forces with the hip and knee muscles. Prac-
tice turning using small steps and rotating at the hips rather
than the back. Instruct the patient to imagine two rigid poles
connecting each shoulder to each hip that do not allow the
spine to twist. Even though some movement in the spine oc-
curs, the activity helps the patient focus on a stable spine
rather than rotating full range. Progress by using weights and
having the patient lift, turn, and then place the weight at a
new location.

Body Mechanics and
Environmental Adaptations

Principles of Body Mechanics:
Instruction and Training
When teaching safe body mechanics, it is advisable not to
overwhelm the patient with too many instructions. Most peo-
ple “know” they are to lift with their legs rather than their
back, but they still have faulty techniques. Initiate training by
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A
B

FIGURE 16.75 Wall slides/partial squats to develop LE strength and
coordinate with trunk stability in preparation for training body me-
chanics. (A) The back sliding down a wall, with bilateral arm motion
for added resistance. (B) Rolling a gym ball down the wall, with an-
tagonistic arm motion to develop coordination.
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suggesting that the patient find his or her neutral spine, per-
form the drawing-in maneuver, and then lift. Observe the
technique they use and suggest modifications if needed.
Squatting is often taught as the preferred method, yet not all
patients are able to squat if they have impairments, such as
knee pain or weakness. Under some circumstances, an indi-
vidual may be more stable lifting with a lunge technique
rather than the squat technique.

Lumbar Spine Position
The position of the lumbar spine, whether it is flexed, ex-
tended, or in midrange, raises several issues. Of the three pos-
tures, lifting with a neutral spinal posture provides greater
stability of the spine27 and uses both the ligamentous and
muscular system for stabilization and control.77 After a back
injury, the preferred lifting posture may have to be adapted,
depending on the type of injury and the response of the 
tissues when stressed.77

Spinal flexion. When lifting with a flexed lumbar spine (pos-
terior pelvic tilt), support for the spine is primarily from inert
structures (ligaments, lumbodorsal fasciae, posterior annulus
fibrosus, and facets); there is little muscle activity.

■  Flexion occurs when stooping to the floor. Some have sug-
gested that it may also be the posture of choice for a patient
who has injured the back muscles because the muscles 
are “quiet” when the spine is in flexion since the ligaments
provide support.77

■  Lifting with the lumbar spine in flexion may pose some
problems. When lifting slowly with a flexed spine, the load
is maintained on the ligaments, and creep of the inert tis-
sues occurs; this increases the chance of injury if the tissue
is already weakened. In addition, with the muscles length-
ened and relaxed, they may be at an unfavorable length-
tension relationship to respond quickly with appropriate
force to resist a sudden change in load. There is greater
chance of ligamentous strain when a person lifts with a
flexed spine.77

Spinal extension. When lifting with an extended (lordotic)
lumbar spine, the muscles supporting the spine are more 
active than when flexed, which increases the compressive
forces on the disc. Also, the facets are approximated (close-
pack position). This posture relieves stress on the ligaments,
but for an individual whose back muscles are in poor condi-
tion and fatigue quickly, this posture may jeopardize the spine
when repeated lifts are performed because the ligaments are
not providing support.77

Load Position
Reinforce the concept of lifting and carrying objects as close
to the center of gravity as possible.

■  Have the patient practice carrying objects close to his or her
center of gravity and draw attention to the feel of balance
and control as well as less stress on the neck and back com-
pared to the feel when carrying objects in more stressful 

positions. Point out that when lifting, the closer the object
is held to the center of gravity, the less stress is placed on the
supporting structures.

■  Have the patient practice shifting the load from side-to-side
and turning. Have the patient practice turning with hip 
rotation and minimal trunk rotation. The action should be
directed by the legs while the spine is kept stable.

■  Replicate the mechanics of the patient’s job setting and
practice safe mechanics.

■  Teach the “golfer’s lift” for picking up light objects, such as
keys, pencils, and small toys. This is done by flexing the
trunk forward over one hip while the other hip extends. It
allows the patient to maintain a neutral spine and places
the majority of the work on the lower extremities.

Environmental Adaptations
Ergonomic assessment and modification of the home and
working environments are necessary to correct stresses as well
as prevent future recurrence of symptoms.

Home, Work, and Driving Considerations
■  Chairs and car seats should have lumbar support to main-

tain slight lordosis. Use a towel roll or lumbar pillow if 
necessary.

■  Chair height should allow knees to flex to take tension off
the hamstring muscles, support the thighs, and allow the
feet to rest comfortably on the floor.

■  Arm rests should be used if prolonged sitting is required
in order to take the stress off shoulders and the cervical
spine.

■  Desk or table height should be adequate to keep the person
from having to lean over the work.

■  Work and driving habits should allow frequent changing
of posture. If normally sedentary, the patient should get up
and walk every hour.

Sleeping Environment
■  The mattress needs to provide firm support to prevent any

extreme stresses. If it is too soft, the patient sags and stresses
ligaments; if it is too firm, some patients cannot relax.

■  Pillows should be of a comfortable height and density to
promote relaxation but should not place joints in an ex-
treme position. Foam rubber pillows tend to cause increased
tension in muscles because of the constant resistance they
provide.

■  Whether the person should sleep prone, side-lying, or
supine is something that must be analyzed for each individ-
ual patient. Ideally, a comfortable posture is one that is in
the midrange and that does not place stress on any support-
ing structure. Pain that is experienced when waking up in
the morning is often related to sleeping posture; if this is the
case, listen carefully to the patient’s description of postures
when sleeping and see if it relates to the pain. Then, attempt
to modify the sleep position accordingly. Remind the patient
that it takes several weeks to change habits.
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Intermediate to Advanced
Exercise Techniques for
Functional Training

As the patient learns spinal control while doing the exercises,
repetitions are increased to develop muscular endurance, and
resistance is added to develop strength. If coordination,
agility, and balance are required, they are emphasized. By this
stage, it is recognized that the individual already knows the
basic spinal stabilization techniques and is habitually assum-
ing the neutral spinal position and activating the drawing-in
maneuver. Reinforce the importance of this when doing the
following exercises. It is also recognized that the patient
should be able to control greater spinal ROM without expe-
riencing symptoms. Adapt the exercises to replicate return to
work or sport-related activities. Some examples include the
following.

Repetitive Lifting
The ability to do repetitive lifting throughout the workday is
necessary for many jobs and may result in symptom recur-
rence. To prepare for returning to work, progressively increase
the repetitions of lifting activities the patient must do to im-
prove muscle endurance. Marras and Granta49 demonstrated
that with repetitive lifting (over a 5-hour period) subjects had
a significant change in their lifting pattern and in the muscle
recruitment patterns, so there was a decrease in spine stabi-
lization (decreased compression) and an increase in anterior/
posterior shear in the lumbar spine. To reduce the risk of 
recurrence of low back disorders, a patient needs to learn to
monitor these changes and be conscious of correcting faulty
patterns. Help the patient modify and adapt the stable spine
body mechanics that were initiated under basic techniques to
replicate the type of lifting he or she will be doing at home or
on the job. Include variations in the lifting tasks to prepare
for unexpected situations.

Repetitive Reaching
Repetitive reaching requires that the patient learn to assume a
comfortable stride and then practice shifting his or her weight
forward and backward on the lower extremities rather than
bending forward and backward with the spine. Preparatory ex-
ercises should include partial lunging forward, sideways, and
backward. During practice, have the patient use a weight com-
parable to that in the real-life situation and go through the ac-
tion on a repetitive basis, concentrating on spinal control and
resting only when control is no longer possible.

Repetitive Pushing and Pulling
Repetitive pushing and pulling require strong upper extrem-
ities and a stable spine. Preparatory activities should include
pushing and pulling against elastic resistance or pulley 

resistance set at heights that replicate the work environment.
Progress to pushing and pulling a weighted cart or a weighted
box across a table. Reinforce the importance of activating the
spinal stabilizers.

Rotation or Turning
Turning with a load is a component of most work activity. A
person may rotate the spine to reach around to place a load
to the side or behind. Rotation may create an unstable situa-
tion or may be damaging to the spinal structures. Therefore,
it is important to take the rotation out of turning. Have the
patient practice a “stable spine turn,” which requires motion
and control in the hips or taking steps into the direction of
the turn rather than twisting and rotating the back.

Transitional Movements
Most functional activities require transitional motions, such
as reaching downward to pick up something (spinal flexion),
then reaching overhead to place it on a high shelf (spinal ex-
tension). In sports activities, the activity may require moving
quickly from a forward-bent position to an extended position
with arms overhead (such as dribbling a basketball and then
shooting). Set up drills that replicate the speed and move-
ments of the desired outcome; have the patient practice mov-
ing through the patterns while attempting to maintain control
of his or her functional spinal position and range.

Transfer of Training
Ideally, each patient is progressed through rehabilitation to
the level of being able to transfer skills learned to closely re-
lated but new situations. Provide variable learning opportu-
nities from simple to complex and then help the patient
analyze successful adaptations to each new experience. (See
Fig. 1.8 and accompanying text in Chapter 1 for examples of
how to vary tasks from simple to complex.)

Patient Education 
for Prevention

Education occurs on a continual basis. Before discharge, re-
view the following relationships of posture and pain with the
patient.

■  When experiencing pain or the recurrence of symptoms,
check posture. Avoid any one posture for prolonged pe-
riods. Change positions before pain or discomfort is 
experienced.

■  If sustained postures are necessary, take frequent breaks and
perform appropriate ROM exercises at least every half hour.
Finish all exercises by assuming a well-balanced posture.

■  Avoid hyperextending the neck or being in a forward-head
posture or forward-bent position for prolonged periods.
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Find ways to modify a task so it can be accomplished at eye
level or with proper lumbar support.

■  If in a tension-producing situation, perform conscious re-
laxation exercises.

■  Use common sense and follow good safety habits.
■  Review the home exercise program and explain how to

safely progress and vary the exercises to maintain interest.
■ Teach flexibility, muscle endurance, and strengthening

exercises appropriate for the patient to maintain ROM,
muscle endurance, and strength.

■ Address any misconceptions the patient may have about
exercise and management of the spine.

■ Teach the patient to safely progress the aerobic exercise
program. Reinforce the importance of maintaining car-
diopulmonary endurance and its effect on managing
symptoms.
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Independent Learning Activities

Critical Thinking and Discussion
1. Observe a homemaker or worker doing an activity that re-

quires pushing, pulling, reaching, lifting, or some other
repetitive pattern. Analyze what component motions are
part of the total pattern and decide if strength, range, en-
durance, balance, or coordination (or a combination) is
necessary in the upper extremities, lower extremities, and
trunk. Decide what is necessary to make the spine safe
while doing this activity and design an exercise program
that encompasses all the components.

2. Go to a health club or exercise class and observe how indi-
viduals are performing the exercises. Note the activities
that cause stress to the spine or pelvis. How would you
modify each exercise? Consider safe use of the equipment,
safe biomechanics, and appropriate instruction for the au-
dience. Can you tell the purpose of each exercise (strength,
stretch, endurance, balance)? Are the directions appropri-
ately given for the level of participants?

3. What is the law in your state as it pertains to physical ther-
apists performing manipulation and HVT? What are some
situations in which you would perform a manipulation
rather than an HVT technique? What are some situations
in which you would perform an HVT technique rather
than a manipulation technique?

Laboratory Practice
1. With a laboratory partner practice the kinesthetic training

techniques and deep segmental muscle activation tech-
niques for the cervical spine and the lumbar spine until
you become proficient at performing them and recogniz-
ing when they are done correctly. Then practice teaching
them to a family member or friend and see how well they
understand what they are to do.

2. Practice the progression of spinal stabilization exercises de-
scribed in the muscle performance section. Start at the eas-
iest level and progress the leg and arm movements until you
feel you are at your maximum resistance for stabilization.

After resting, time yourself for 1 minute, beginning at the
most difficult level of movement. The idea is to keep the
spine stable during the entire minute. If you begin to feel
you are losing control, decrease the amount of extremity
resistance (e.g., going from moving both lower extremities
in a reciprocal pattern to moving just one extremity while
the other is on the floor). This can also be done for 3 min-
utes. Were you able to meet the challenge yet keep the spine
stable? Did you feel your stabilizing muscles “working”?

3. Practice doing wall slides, partial squats, and partial lunges
with a stable spine. When you can do the squat comfort-
ably with a stable spine, practice lifting a box from the floor
to table height, then from the floor to shoulder height, then
place it on a shelf at each height. Feel what is happening
to your spine. Then repeat the maneuvers with a stable
spine, and see if you can control the spinal position with
the drawing-in maneuver. When you can do the lunge
comfortably, practice lifting small objects from the floor
with a lunging technique and stable spine. Finally, practice
lifting objects from the floor and turning (using legs and
hips to change direction, not spinal rotation) to place the
objects on a table or shelf. Feel what is happening to the
spine and repeat the activities with a stable spinal posture.

4. Review the indications and contraindications for spinal ma-
nipulation. Practice the cervical manipulations with your
laboratory partner in both the supine and prone positions.
In which position do you have better control (patient supine
or prone)?

5. Several HVT techniques were discussed in this chapter.
What are the contraindications for HVT in the spine?
Practice three HVTs to improve thoracic flexion. How
would you change the technique if your goal was to im-
prove rotation to the left?

Case Studies
Review the cases described in Chapters 14 and 15 and modify
your answers based on the information presented in this
chapter.
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The shoulder complex design enables great mobility of the
upper extremity. As a result, the hand can be placed almost
anywhere within a sphere of movement, its range limited pri-
marily by the length of the arm and the space taken up by the
body. The combined mechanics of the three synovial and two
functional joints with the many muscles that comprise the

shoulder complex interact to provide and control the mobil-
ity. When establishing a therapeutic exercise program for im-
paired function of the shoulder region, as with any other body
region, the unique anatomical and kinesiological features
must be considered along with the state of pathology and
functional limitations imposed by the impairments.
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This chapter is divided into three main sections. The first
section reviews the structure and function of the shoulder com-
plex. The second section describes common shoulder disorders
and provides guidelines for conservative and postsurgical man-
agement. The last section describes exercise techniques com-
monly used to meet the goals of treatment during the stages of
tissue healing and phases of rehabilitation.

Structure and Function 
of the Shoulder Girdle

The shoulder girdle has only one bony articulation with the
axial skeleton (Fig. 17.1). The clavicle articulates with the
sternum via the small sternoclavicular (SC) joint, and this
reduced articular contact area is an important reason for the
considerable mobility of the upper extremity. Stability, how-
ever, is hampered by this articular arrangement and relies on
an intricate balance among the scapular and glenohumeral
(GH) muscles and the soft tissue structures of the joints in
the shoulder complex.

joint surface, the glenoid fossa, is located on the superior-lateral
margin of the scapula. It faces primarily laterally, somewhat
anteriorly, and slightly upward, providing minimal stability
to the joint. A fibrocartilagenous lip, the glenoid labrum,
deepens the fossa to increase joint congruity and stability and
serves as the attachment site for the capsule. The convex joint
surface is the hemispheric head of the humerus. Only a small
portion of the head contacts the fossa at any time, allowing
for considerable joint movement but also the potential for 
instability.155

Arthrokinematics
According to the convex-concave theory of joint motion (see
Chapter 5), with motions of the humerus (physiological mo-
tions), the convex head rolls in the same direction and slides
in the opposite direction on the glenoid fossa. The arthrokine-
matics of the GH joint are summarized in ONLINE Box 19.1
on the FA Davis website that supports this textbook.

Stability
Both static and dynamic restraints provide GH joint stability
(Table 17.1).28,44,180,218,221 The structural relationships among
the joint morphology, ligaments, and glenoid labrum, along
with adhesive and cohesive forces in the joint, provide static
stability. The tendons of the rotator cuff blend with the liga-
ments and glenoid labrum at their sites of attachment, so mus-
cle contractions provide dynamic stability by tightening the
static restraints (Fig. 17.3). The coordinated response of the
muscles of the cuff and tension in the ligaments provide vary-
ing degrees of support depending on the position and motion
of the humerus.170,180,204 In addition, the long head of the bi-
ceps and the long head of the triceps brachii reinforce the cap-
sule with their attachments and provide superior and inferior
shoulder joint support, respectively, when functioning with

CHAPTER 17 The Shoulder and Shoulder Girdle 547

Acromioclavicular

Sternoclavicular

Clavicle

ManubriumScapula

Humerus

Glenohumeral

FIGURE 17.1 Bones and joints of the shoulder girdle complex.

Joints of the Shoulder
Complex

Three synovial joints (GH, acromioclavicular [AC], and SC) and
two functional articulations (scapulothoracic and suprahumeral)
make up the shoulder complex.

Synovial Joints
Glenohumeral Joint
The GH joint is an incongruous, ball-and-socket (spheroidal)
triaxial joint with a lax joint capsule. It is supported by the
tendons of the rotator cuff and the GH (superior, middle, 
inferior) and coracohumeral ligaments (Fig. 17.2). The concave

Coracohumeral
ligament

Coracoacromial
ligament

Acromioclavicular joint and
superior acromioclavicular

ligament

Coracoclavicular
ligament

Conoid
ligament

Trapezoid
ligament

Coracoid
process

Glenohumeral
ligament

Superior

Middle

Inferior

FIGURE 17.2 Ligaments of the glenohumeral (GH) and acromioclav-
icular (AC) joints.
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elbow motions.105 The long head of the biceps, in particular,
stabilizes against humeral elevation105 and contributes to an-
terior stability of the GH joint by resisting torsional forces
when the shoulder is abducted and externally rotated.9,170

Neuromuscular control, including movement awareness and

motor response, underlies coordination of the dynamic 
restraints.218,221

Acromioclavicular Joint
The AC joint is a plane, triaxial joint that may or may not
have a disk. The weak capsule is reinforced by the superior
and inferior AC ligaments (see Fig. 17.2). The convex artic-
ular surface is a facet on the lateral end of the clavicle and
the concave articular surface is a facet on the acromion of
the scapula.

Arthrokinematics
With motions of the scapula, the concave acromial surface slides
in the same direction in which the scapula moves. Motions af-
fecting this joint include upward rotation (the scapula turns so
the glenoid fossa rotates upward), downward rotation, winging
of the vertebral border (also called internal/external rotation),
and tilting of the inferior angle.

Stability
The AC ligaments are supported by the strong coracoclavic-
ular ligament. No muscles directly cross this joint for dynamic
support.

Sternoclavicular Joint
The SC joint is an incongruent, triaxial, saddle-shaped joint
with a disk. The joint is supported by the anterior and poste-
rior SC ligaments and the interclavicular and costoclavicular
ligaments (Fig. 17.4). The medial end of the clavicle is convex
superior to inferior and concave anterior to posterior. The
joint disk attaches superiorly. The superior-lateral portion of

548 Joints of the Shoulder Complex

TABLE 17.1 Static and Dynamic Stabilizers of the Scapula and Glenohumeral Joint

Description Static Stabilizers Muscular Stabilizers

Scapula

Weight of upper extremity 
creates downward rotation 
and protraction moment on 
the scapula

Glenohumeral joint

In dependent position: 
if scapula is in normal 
alignment, weight of 
arm creates an inferior 
translation moment 
on the humerus

When the humerus is 
elevating and the scapula 
is rotating upward

■ Cohesive forces of subscapular bursa, SC,
and AC joint ligaments

■ Scapulothoracic fascia

■ Superior capsule, superior GH ligament, and
coracohumeral ligament are taut

■ Adhesive and cohesive forces of synovial
fluid and negative joint pressure hold
surfaces together

■ Slight upward inclination of glenoid and
labrum deepens fossa and improves
congruency; acts as inferior barrier

■ Tension placed on static restraints by the
rotator cuff

■ Glenohumeral ligaments limit excessive
translations of humeral head

Scapulothoracic musculature,
especially upper, middle, and lower
trapezius, serratus anterior, levator
scapula, and rhomboids

Rotator cuff, deltoid, long head of
biceps brachii, pectoralis major,
latissimus dorsi, and teres major

■ Rotator cuff and deltoid; elbow
action brings in two-joint muscle
support

■ Long head of biceps stabilizes
against humeral elevation

Subscapularis

Coracoid
process

Coracohumeral
ligament

Coracoacromial
ligament

Biceps brachii
tendon (long head)

Acromion

Coracoacromial
arch

Supraspinatus

Subacromial
bursa

Infraspinatus

Glenoid
labrum

Glenoid
fossa

Teres minor

Middle
glenohumeral
ligament

Anterior
band

Axillary
pouch

Posterior
band

Inferior
glenohumeral
ligament

Triceps
(long head)

FIGURE 17.3 Lateral aspect of the glenoid fossa (interior view),
showing attachments of the glenoid labrum, capsule, and ligaments
as well as their relationship to the rotator cuff and long head of the
biceps brachii musculature.
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the manubrium and first costal cartilage is concave superior
to inferior and convex anterior to posterior. 

Arthrokinematics
The motions of the clavicle occur as a result of the scapular
motions of elevation, depression, protraction (abduction),
and retraction (adduction). Rotation of the clavicle occurs as
an accessory motion when the humerus is elevated above the
horizontal position and the scapula upwardly rotates; it can-
not occur as an isolated voluntary motion. The arthrokine-
matics of the SC joint are summarized in ONLINE Box 17.2
on the FA Davis website that supports this textbook.

Stability
The ligaments crossing the joint provide static stability. There
are no muscles crossing the joint for dynamic stability.40

Functional Articulations
Scapulothoracic Articulation
Normally, there is considerable soft tissue flexibility, allowing
the scapula to slide along the thorax and contribute to all
upper extremity motions.

Motions of the Scapula
■  Elevation, depression, protraction, and retraction: These 

motions are seen with clavicular motions at the SC joint
(Fig. 17.5 A and B). Elevation and depression occur in the
frontal plane as the scapula moves upward and downward,
respectively; protraction/retraction occur in the transverse
plane as the scapula moves away from or toward the spinal
column. They are also component motions when the
humerus moves.

■  Upward and downward rotation: These motions are seen
with clavicular motions at the SC joint and rotation at the
AC joint and occur concurrently in various planes with mo-
tions of the humerus (Fig. 17.5 C). Upward rotation along
with posterior tilting and external rotation of the scapula are
component motions that occur with full shoulder range of
motion (ROM) of elevation (flexion, scapular plane abduc-
tion, and frontal-plane abduction of the humerus).60,131

■  Internal and external rotation and tilting: These motions are
seen with motion at the AC joint concurrently with mo-
tions of the humerus (Fig. 17.5 D). Internal and external
rotations are transverse plane motions in which the medial
border lifts away from (wings) or approximates the rib
cage, respectively. Anterior tilting of the scapula occurs in
conjunction with internal rotation and extension of the
humerus when reaching the hand behind the back, while
posterior tilting occurs during humeral elevation.64,133

Scapular Stability
Postural relationship. In the dependent position, the scapula
is stabilized primarily through a balance of forces. The weight
of the arm creates a downward rotation, protraction, and for-
ward tilting moment on the scapula. These moments are bal-
anced by the support of the upper trapezius, serratus anterior,
rhomboids, and middle trapezius116,181 (see Table 17.1).

Active arm motions. With active arm motions, the muscles
of the scapula function in synchrony to stabilize and control
the position of the scapula, so the scapulohumeral muscles
can maintain an effective length-tension relationship as they
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Anterior
sternoclavicular

ligament

Clavicle

1st rib

Costal
cartilage

Articular disc
Interclavicular

ligament

Joint cavity

Manubrium

Sternoclavicular joint

Costoclavicular
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FIGURE 17.4 Ligaments of the sternoclavicular (SC) joint.

ElevationA ProtractionB

Upward rotationC Forward tipping with
downward rotation

D

FIGURE 17.5 Scapular motions. (A) Elevation occurs with clavicular
elevation at the SC joint when shrugging. (B) Protraction (abduction)
occurs with clavicular abduction at the SC joint when reaching for-
ward. (C) Upward rotation occurs with clavicular rotation at the SC
and AC joints when flexing and abducting the shoulder. (D) Forward
tilting (along with downward rotation) occurs at the AC joint when 
extending and internally rotating the shoulder.
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function to stabilize and move the humerus. Without the po-
sitional control of the scapula, the efficiency of the humeral
muscles decreases. The upper and lower trapezius along with
the serratus anterior upwardly rotate the scapula whenever
the arm elevates, and the serratus anterior protracts the
scapula on the thorax to align the scapula during flexion or
pushing activities. During arm extension or during pulling
activities, the rhomboids function to downwardly rotate and
retract the scapula in synchrony with the latissimus dorsi,
teres major, and rotator cuff muscles. These stabilizing mus-
cles also eccentrically control acceleration of upward rotation
and protraction of the scapula.157

Faulty posture. A slouched posture significantly alters
scapular kinematics. Specifically, sitting or standing with in-
creased thoracic kyphosis decreases posterior tilting and 
external rotation of the scapula during elevation of the arm.60

Furthermore, with faulty scapular alignment, muscle length
and strength imbalances occur not only in the scapular mus-
cles, but also in the humeral muscles, altering the mechanics
of the GH joint. A forward tilt of the scapula (seen with a 
forward head posture and increased thoracic kyphosis) is 
associated with decreased flexibility in the pectoralis minor,
levator scapulae, and scalenus muscles and weakness in the
serratus anterior or trapezius muscles. This scapular posture
also changes the posture of the humerus in the glenoid, which
assumes a relatively abducted and internally rotated position
with respect to the scapula (Fig. 17.6). The GH internal rota-
tors may become less flexible, and external rotators may
weaken, affecting the mechanics of the joint. 

individuals with a shorter pectoralis minor (n = 25) had
greater scapular internal rotation (protraction) and less
posterior tilting during arm elevation in flexion, abduction,
and scapular plane than those with a longer pectoralis
minor (n = 25), thus providing evidence for altered pec-
toralis minor muscle length and altered scapular move-
ment. In a related study by Borstad,16 a correlation between
the postural impairments of increased thoracic kyphosis,
scapular internal rotation and forward tipping, and de-
creased pectoralis minor length was found to be significant,
further supporting the relationship between muscle length
and posture. 

Suprahumeral (Subacromial) Space
The coracoacromial arch, composed of the acromion and
coracoacromial ligament, overlies the subacromial/subdeltoid
bursa, the supraspinatus tendon, and a portion of the 
muscle (Fig. 17.7).116 These structures allow for and par-
ticipate in normal shoulder function. Compromise of this
space from faulty muscle function, faulty postural relation-
ships, faulty joint mechanics, injury to the soft tissue in 
this region, or structural anomalies of the acromion lead to
impingement syndromes.15,101,109,114,130,233 After a rotator
cuff tear, the bursa may communicate with the GH joint
cavity.44

550 Shoulder Girdle Function

FIGURE 17.6 Faulty forward head, thoracic kyphosis, and shoulder
girdle posture result in a forward tilt and downward rotation of the
scapula with relative abduction and internal rotation of the humerus
when the arm is in a dependent position.

 FOCUS ON EVIDENCE
A study by Borstad and Ludewig,15 which looked at the effect
of pectoralis minor resting length on scapular kinematics 
in subjects without shoulder pain, documented that those

Humerus

Acromion

Supraspinatus

Scapula

Joint
capsule

Deltoid

Subacromial/
subdeltoid bursa

X-section

Clavicle

FIGURE 17.7 The supraspinatus and subacromial/subdeltoid bursa
lie in the suprahumeral space.

Shoulder Girdle Function

Scapulohumeral Rhythm
Motion of the scapula, synchronous with motions of the
humerus, allows for 150° to 180° of shoulder ROM into flex-
ion or abduction with elevation. The ratio has considerable
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variation among individuals but is commonly accepted to 
average 2:1 (2° of GH motion to 1° of scapular rotation) at
the end of full arm elevation. During the setting phase (0° to
30° abduction, 0° to 60° flexion), motion is primarily at the
GH joint, whereas the scapula seeks a stable position. During
the midrange of humeral motion, the scapula has greater mo-
tion, approaching a 1:1 ratio with the humerus; later in the
range, the GH joint again dominates the motion.38,116,187

■  Early studies analyzed only upward rotation of the scapula.
More recent three-dimensional research demonstrated com-
ponent scapular motions to be upward rotation, posterior
tilting, and scapular external rotation with full shoulder el-
evation (flexion, scapular plane abduction, and frontal-plane
abduction of the humerus).101,131

■  During humeral elevation, the synchronous motion 
of the scapula allows the muscles moving the humerus
to maintain an effective length-tension relationship
throughout the activity and helps maintain congruency
between the humeral head and fossa while decreasing
shear forces.38,116,187

■  The upper and lower trapezius and the serratus anterior
muscles create upward rotation of the scapula. Weakness or
complete paralysis of these muscles results in the scapula ro-
tating downward by the contracting deltoid and supraspina-
tus as abduction or flexion is attempted. These two muscles
then reach active insufficiency, and functional elevation of
the arm cannot be reached, even though there may be 
normal passive ROM and normal strength in the shoulder
abductor and flexor muscles.187

■  During elevation of the humerus, the pectoralis minor is
lengthened as the scapula upwardly rotates, retracts, and tips
posteriorly. Restricted scapular movement during humeral
elevation from a shortened pectoralis minor results in pat-
terns similar to those seen in patients with impingement
symptoms and could be a risk factor for development of the
syndrome.15

Clavicular Elevation and Rotation
With Humeral Motion
It is commonly accepted that the first 30° of upward rotation
of the scapula occurs with elevation of the clavicle at the SC
joint. Then, as the coracoclavicular ligament becomes taut,
the clavicle rotates 38° to 55° about its longitudinal axis, which
elevates its acromial end (because it is crank shaped). This
motion allows the scapula to rotate an additional 30° at the
AC joint.116 Loss of any of these functional components de-
creases the amount of scapular rotation and thus the ROM
of the upper extremity.

 FOCUS ON EVIDENCE
A three-dimensional study115 of clavicular motion during
humeral flexion, scapular plane elevation of the arm, and
abduction to 115° using surface electromagnetic sensors on

30 asymptomatic subjects and 9 individuals with shoulder
pathology documented 11° to 15° of clavicular elevation, 15° to
29° of retraction, and 15° to 31° of posterior long axis rota-
tion, showing similar patterns but different ranges from 
previously reported studies. Ranges of clavicular motion
above 115° were not reliable, owing to movement of the
clavicle under the skin.

External Rotation of the Humerus
With Elevation
During elevation of the arm, the humerus externally ro-
tates; this allows the greater tubercle of the humerus to clear
the coracoacromial arch. Weak infraspinatus and teres
minor muscles or inadequate external rotation may result
in impingement of the soft tissues in the suprahumeral
space, causing pain, inflammation, and eventually loss of
function.

 FOCUS ON EVIDENCE
An in vivo study of elevation in flexion, in the plane of the
scapula, and in abduction demonstrated approximately 55°

external rotation in all planes.189 During abduction, external
rotation occurred up to 125° followed by some internal rotation;
during forward flexion, external rotation occurred until 50° and
then plateaued. Lastly, external rotation occurred again from
110° to 160°. During elevation in the scapular plane, external
rotation occurred throughout.

Deltoid–Short Rotator Cuff 
and Supraspinatus Mechanisms
Most of the force produced by the deltoid muscle causes up-
ward translation of the humerus; if unopposed, it leads to 
impingement of the soft tissues in the suprahumeral space
between the humeral head and the coracoacromial arch.

■  The combined effect of the short rotator muscles (infra-
spinatus, teres minor, and subscapularis) produces sta-
bilizing compression and downward translation of the
humerus in the glenoid.

■  The combined actions of the deltoid and short rotators re-
sult in a balance of forces that elevate the humerus and
control the humeral head.

■  The supraspinatus muscle has a significant stabilizing,
compressive, and slight upward translation effect on the
humerus during arm elevation. It functions with the 
deltoid in humeral elevation.

■  Interruption of the coordinated function of these mecha-
nisms may lead to tissue microtrauma and shoulder com-
plex dysfunction.
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Referred Pain and Nerve
Injury

For a detailed description of referred pain patterns, peripheral
nerve injuries in the shoulder, thoracic outlet syndrome
(TOS), and complex regional pain syndromes and their man-
agement, see Chapter 13.

Common Sources of Referred Pain 
in the Shoulder Region
Cervical Spine
■  Vertebral joints between C3 and C4 or between C4 and C5
■  Nerve roots C4 or C5

Referred Pain From Related Tissues
■  Dermatome C4 is over the trapezius to the tip of the

shoulder.
■  Dermatome C5 is over the deltoid region and lateral arm.
■  Diaphragm: pain perceived in the upper trapezius region.
■  Heart: pain perceived in the left axilla and pectoral region.
■  Gallbladder: pain perceived at the tip of shoulder and

scapular region.

Nerve Disorders in the Shoulder
Girdle Region
Brachial plexus in the thoracic outlet. Common sites for
compression are the scalene triangle and the costoclavicular
space and under the coracoid process and pectoralis minor
muscle.104

Suprascapular nerve in the suprascapular notch. This 
injury occurs from either direct compression or from nerve
stretch, such as when carrying a heavy book bag over the
shoulder.

Radial nerve in the axilla. Compression occurs from con-
tinual pressure, such as when leaning on axillary crutches.

Management of Shoulder
Disorders and Surgeries

To make sound clinical decisions when managing patients
with shoulder disorders, it is necessary to understand the
various pathologies, surgical procedures, and associated
precautions and to identify impairments, functional limi-
tations, and possible disabilities. In this section, common
pathologies and surgeries are presented, and the conserva-
tive and postoperative management of these conditions are
described. 

Joint Hypomobility:
Nonoperative Management

Glenohumeral Joint
Restricted mobility of the GH joint may occur as a result of
pathology, such as rheumatoid arthritis (RA) or osteoarthritis
(OA); from prolonged immobilization; or from unknown
causes (idiopathic frozen shoulder). Concurrent impairments
in muscle performance and connective tissue mobility in the
cervical and shoulder girdle region may also be present.

Related Pathologies and Etiology of Symptoms
RA and OA (degenerative arthritis). These disorders fol-
low the clinical pictures described in Chapter 11.

Traumatic arthritis. This disorder occurs in response to a
fall or high force blow to the shoulder.

Postimmobilization arthritis or stiff shoulder. This disorder
occurs with lack of movement or as a secondary effect from
conditions such as heart disease, stroke, or diabetes mellitus.

Idiopathic frozen shoulder. This disorder, which is also
called adhesive capsulitis or periarthritis, is characterized by
the development of dense adhesions, capsular thickening, and
capsular restrictions, especially in the dependent folds of the
capsule, rather than arthritic changes in the cartilage and
bone, as seen with RA or OA. The onset is insidious and usu-
ally occurs between the ages of 40 and 65 years; there is no
known cause (primary frozen shoulder), although problems
already mentioned in which there is a period of pain and/or
restricted motion, such as with RA, OA, trauma, or immobi-
lization, may lead to a frozen shoulder (secondary frozen
shoulder). With primary frozen shoulder, the pathogenesis
may be a provoking chronic inflammation in musculotendi-
nous or synovial tissue, such as the rotator cuff, biceps tendon,
or joint capsule.40,70,100,145,148 Patients with diabetes mellitus
and thyroid disease are at increased risk for developing the
disorder.97

Clinical Signs and Symptoms
GH joint arthritis. The following characteristics are typically
associated with GH joint arthritis that leads to hypomobility.

■  Acute phase. Pain and protective muscle guarding limit mo-
tion, usually external rotation and abduction. Pain fre-
quently radiates distal to the elbow and may disturb sleep.
Owing to the depth of the GH capsule, joint swelling is not
detected, although tenderness can be elicited by palpating
in the sulcus immediately below the edge of the acromion
process between the attachments of the posterior and middle
deltoid.

■  Subacute phase. Capsular tightness, consistent with a cap-
sular pattern (external rotation and abduction are most
limited, and internal rotation and flexion are least limited),
often begins to develop. The patient may feel pain as the
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end of the limited range is reached. Passive accessory mo-
tion testing reveals limited joint play. If the patient can be
treated as the acute condition begins to subside by gradu-
ally increasing shoulder motion and activity, the compli-
cation of joint and soft tissue contractures can usually be
minimized.139,145

■  Chronic phase. Progressive restriction of the GH joint capsule
magnifies the signs of limited motion in a capsular pattern
and decreased joint play. There is significant loss of function
with an inability to reach overhead, outward, or behind the
back. Pain is often localized to the deltoid region.

Idiopathic frozen shoulder. This clinical entity pro-
gresses through a series of four stages following a classic
continuum.40,70,100,144,145,148

■  Stage 1. Characterized by a gradual onset of pain that 
increases with movement and is present at night. Loss of
external rotation motion with intact rotator cuff strength
is common. The duration of this stage is usually less than
3 months.

■  Stage 2 (Often referred to as the “Freezing” Stage). Charac-
terized by persistent and more intense pain even at rest. 
Motion is limited in all directions and cannot be fully 
restored with an intra-articular injection. This stage is 
typically between 3 and 9 months after onset.

■  Stage 3 (“Frozen” Stage). Characterized by pain only with
movement, significant adhesions, and limited GH motions.
Excessive scapulothoracic movement is a typical compen-
sation. Atrophy of the deltoid, rotator cuff, biceps, and tri-
ceps brachii muscles may be noted. This stage occurs
between 9 and 15 months after onset.

■  Stage 4 (“Thawing” Stage). Characterized by minimal pain
and no synovitis but significant capsular restrictions from
adhesions. Motion may gradually improve during this
stage. This stage lasts from 15 to 24 months after onset, 
although some patients never regain normal ROM.

Some references indicate that spontaneous recovery occurs,
on average, 2 years from onset,70 although others report long-
term limitations without spontaneous recovery.173 Inappropri-
ately aggressive therapy at the wrong time may prolong the
symptoms.13 Management guidelines are progressed based 
on the continuum of stages100 and are the same as for acute
(maximum protection during stages 1 and 2), subacute (con-
trolled motion during stage 3), and chronic (return to function
during stage 4) joint pathology described in this section.

Common Impairments of Structure 
and Function
■  Night pain and disturbed sleep during acute flares
■  Pain on motion and often at rest during acute flares
■  Mobility: decreased joint play and ROM, usually limiting

external rotation and abduction with some limitation of
internal rotation and flexion

■  Posture: possible faulty postural compensations with pro-
tracted and anteriorly tilted scapula, rounded shoulders, or

guarding the painful shoulder in a position of scapula 
elevation and arm adduction

■  Decreased arm swing during gait
■  Muscle performance: general muscle weakness and poor

endurance in the GH muscles with overuse of the scapular
muscles leading to pain in the trapezius, levator scapulae,
and posterior cervical muscles

■  Increased scapulothoracic motion during arm movements
to compensate for limited GH mobility

Common Activity Limitations and Participation
Restrictions 
■  Inability to reach overhead, behind head, out to the side, and

behind back leading to difficulty dressing (putting on a jacket
or coat or in the case of women, fastening undergarments be-
hind their back), reaching hand into back pocket of pants (to
retrieve wallet), reaching out a car window (to use an ATM
machine), self-grooming (combing hair, brushing teeth,
washing face), and bringing eating utensils to the mouth

■  Difficulty lifting heavy objects above shoulder level
■  Limited ability to sustain repetitive activities

GH Joint Hypomobility: Management—
Protection Phase
See General Guidelines for Management When Symptoms
Are Acute in Chapter 10 and Box 10.1.

Educate the Patient
■  Provide information about what to expect regarding the

stages of healing.
■  Instruct patient in safe motions and activity modifications

that minimize joint stress.

Control Pain, Edema, and Muscle Guarding
■  The joint may be immobilized in a sling to provide rest and

minimize pain.
■  Intermittent periods of passive or assisted motion within

the pain free/protected ROM and gentle joint oscillation
techniques to minimize further adhesions are initiated as
soon as the patient tolerates movement. 

■  Gentle soft tissue mobilization of the cervical and periscapu-
lar muscles may improve patient comfort and minimize 
protective guarding, as may cervical ROM and/or cervical
grade I or II passive intervertebral mobilizations.

Maintain Soft Tissue and Joint Integrity 
and Mobility
PRECAUTION: If there is increased pain or irritability in the
joint after use of the following techniques, either the dosage was
too strong or the techniques should be modified by decreasing
the range of passive movement or delaying joint glides.

CONTRAINDICATION: If there are mechanical restrictions
causing limited motion, appropriate tissue stretching should be
initiated only after the inflammation subsides.

■  Passive ROM (PROM) in all ranges of pain-free motion
(see Chapter 3). As pain decreases, the patient is progressed
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to active ROM with or without assistance, using activities
such as rolling a small ball or sliding a rag on a smooth
table top. Planar, multiplanar and circular motions can be
given to move the shoulder to the end range of its available
motions. Be sure the patient is taught proper mechanics
and to avoid faulty patterns, such as scapular elevation or
a slumped posture.

■  Passive joint distraction and glides, grade I and II with the
joint placed in a pain-free position (see Chapter 5).

■  Pendulum (Codman’s) exercises are techniques that use
the effects of gravity to distract the humerus from 
the glenoid fossa.28,31 They help relieve pain through
gentle traction and oscillating movements (grade II) and
provide early motion of joint structures and synovial
fluid. No weight is used during this phase of treatment
(see Fig. 17.22).

CLINICAL TIP
Many patients perform pendulum exercises incorrectly by
using the GH muscles to initiate shoulder motion and by per-
forming large excursion of motion. The technique must be
taught as small, gentle pendular motions initiated with body
swaying while keeping the shoulder muscles relaxed.113

■  Gentle muscle setting to all muscle groups of the shoulder and
adjacent regions, including cervical and elbow muscles be-
cause of their close association with the shoulder complex.
Instructions are given to the patient to gently contract a
group of muscles while slight manual resistance is applied—
just enough to stimulate a muscle contraction without pro-
voking pain. The emphasis is on rhythmic contracting and
relaxing of the muscles to stimulate blood flow and prevent
circulatory stasis.

Maintain Integrity and Function of Associated
Regions
■  Complex regional pain syndrome type I is a potential

complication after shoulder injury or immobility. There-
fore, additional exercises, such as having the patient repet-
itively squeeze a ball or other soft object, may be given for
the hand.

■  The patient is educated on the importance of keeping the
joints distal to the shoulder complex as active and mobile
as possible. The patient or family member is taught to
perform ROM exercises of the elbow, forearm, wrist, and
fingers several times each day while the shoulder is im-
mobilized. If tolerated, active or gentle resistive ROM is
preferred to passive ROM for a greater effect on circula-
tion and muscle integrity.

■  If edema is noted in the hand, instruct the patient to elevate
the hand above the level of the heart whenever possible.

■  Cervical ROM (active and/or passive), intervertebral joint
mobilizations, and soft tissue mobilization should also be
considered.
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CLINICAL TIP
For conditions in which there is potential for a prolonged
acute/inflammatory stage, such as with RA and during stages
I or II of idiopathic frozen shoulder, it is critical to teach the
patient active-assistive exercises to maintain muscle and joint
integrity and as much mobility as possible without exacer-
bating the symptoms.

GH Joint Hypomobility: Management—
Controlled Motion Phase
When symptoms are subacute, follow the guidelines as de-
scribed in Chapter 10, Box 10.2, emphasizing joint mobility,
neuromuscular control, and instructions to the patient for
self-care.

Control Pain, Edema, and Joint Effusion
■  Functional activities. It is important to carefully monitor

activities. If the joint is immobilized, the amount of time
the shoulder is free to move each day is progressively 
increased.

■  ROM. GH and scapula motions are progressed up to the
point of pain. The patient is instructed in the use of self-
assistive ROM techniques, such as wand exercises or hand
slides on a table.

PRECAUTION: With increased pain or decreased motion after
these techniques, the activity may be too intense or the patient
may be using faulty mechanics. Reassess the technique and
modify it by restricting the joint to a safer ROM, correcting faulty
movements, or altering the intensity, frequency, and/or duration
of the technique.

Progressively Increase Joint and Soft Tissue
Mobility
■  Passive joint mobilization techniques. Grade III sustained or

grade III and IV oscillations that focus on the restricted
capsular tissue at the end of the available ROM are used 
to increase joint capsule mobility94,207 (see Figs. 5.15 to 
5.20 in Chapter 5 and ONLINE Box 17.1). End-of-range
techniques include rotating the humerus and then applying
either a grade III distraction or a grade III glide to stretch
the restrictive capsular tissue or adhesions (see Figs. 5.17,
5.21, and 17.20).
■ Use a grade I distraction with all gliding techniques. If

the joint is irritable and gliding in the direction of re-
striction is not tolerated, glide in the opposite direction.
As pain and irritability decrease, begin to glide in the 
direction of restriction.94

 FOCUS ON EVIDENCE
Evidence supporting joint mobilization techniques is limited. A
multiple-subject case study, using seven subjects with adhesive
capsulitis of the GH joint (mean disease duration 8.4 months,
range 3 to 12 months) treated with end-range mobilization
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techniques twice a week for 3 months, showed increased active
and passive range and increased capacity of the joint capsule at
the end of treatment and at the 9-month follow-up. No control
groups were used; therefore, the natural course of the disease
could not be excluded as the explanation for improvement.207

A follow-up study by the same author randomly assigned
100 subjects with stage II adhesive capsulitis to a group receiv-
ing high-grade mobilization techniques (end-range stretching
using Maitland grade III or IV) or a group receiving low-
grade mobilization techniques (Maitland grade I or II). After 
3 months of treatment, both groups exhibited clinically sig-
nificant improvement, with the group receiving the high-grade
mobilization techniques showing greater improvement than
the low-grade mobilization group. Because there was no con-
trol group, natural progression could not be ruled out.208

A study exploring the effect of the direction of joint mo-
bilization demonstrated that a posterior glide was more 
effective than an anterior glide to increase GH external ro-
tation ROM. Patients with stage II to IV primary adhesive
capsulitis received distraction plus grade III sustained mo-
bilizations, held for at least 1 minute, with treatment dura-
tion of 15 minutes, for six treatment sessions. Anterior
mobilizations were progressed by placing the humerus at
end-range abduction and external rotation, while posterior
mobilizations were progressed by placing the humerus at
end-range flexion and external rotation. At the end of 
the sixth visit, subjects in the anterior mobilization group
(n = 10) increased external rotation ROM by 3.0°, while
those in the posterior mobilization group (n = 8) increased
by 31.3°, a difference that was statistically significant.93

PRECAUTION: Carefully monitor the joint reaction to the mo-
bilization stretches; if irritability increases, grade III or IV tech-
niques should not be undertaken until the chronic stage of
healing.

■  Self-mobilization techniques. The following self-mobiliza-
tion techniques may be used for a home program.
■ CAUDAL GLIDE. Patient position and procedure: Sitting on

a firm surface and grasping the fingers under the edge.
The patient then leans the trunk away from the stabilized
arm (Fig. 17.8). 

■ ANTERIOR GLIDE. Patient position and procedure: Sitting
with both arms behind the body or lying supine sup-
ported on a solid surface. The patient then leans the
body weight between the arms (Fig. 17.9). 

■ POSTERIOR GLIDE. Patient position and procedure: Prone,
propped up on both elbows. The body weight shifts
downward between the arms (Fig. 17.10). 

■  Manual stretching. Manual stretching techniques are used
to increase mobility in shortened muscles and related con-
nective tissue.

■  Self-stretching exercises. As the joint reaction becomes pre-
dictable and the patient begins to tolerate stretching, self-
stretching techniques are taught (see Figs. 17.24 through
17.29 in the Exercise section).
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FIGURE 17.8 Self-mobilization. Caudal glide of the humerus occurs
as the person leans away from the fixed arm.

FIGURE 17.9 Self-mobilization. Anterior glide of the humerus 
occurs as the person leans between the fixed arms.

FIGURE 17.10 Self-mobilization. Posterior glide of the humerus 
occurs as the person shifts his weight downward between the 
fixed arms.
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Inhibit Muscle Spasm and Correct Faulty
Mechanics
Muscle spasm may lead to a faulty deltoid-rotator cuff mech-
anism and altered scapulohumeral rhythm when the patient
attempts arm elevation (Fig. 17.11). Greater relative deltoid
activation may result in superior humeral head translation
and impingement of the greater tuberosity on the coracoacro-
mial arch, making it difficult and/or painful to elevate the
arm. In this case, repositioning the humeral head with a cau-
dal glide is necessary before proceeding with any other form
of shoulder exercise. The patient must also learn to recognize
and avoid “hiking the shoulder” when at rest or when elevat-
ing the arm. The following techniques may address these
problems. See also Mobilization with Movement Techniques
in the next section. 

■  Gentle joint oscillation techniques (grade I or II) to help
decrease the muscle spasm.

■  Sustained caudal glide joint techniques to reposition the
humeral head in the glenoid fossa.

■  Protected weight bearing, such as leaning hands against a
wall or on a table, to stimulate rotator cuff and scapula sta-
bilizer co-contraction and improve synovial fluid move-
ment through hyaline cartilage compression. Techniques
are progressed by gentle rocking forward/backward and
side to side, moving from bilateral to unilateral, increasing
the angle of the joint, or adding perturbations.

■  GH internal/external rotation strengthening to facilitate
stabilization of the humeral head (see Fig. 17.52).

■  Movement retraining to minimize the substitution pat-
tern of scapular elevation can be initiated by providing
the visual feedback of a mirror or the tactile feedback 
of the opposite hand placed on the ipsilateral upper
trapezius.

Improve Joint Tracking
Mobilization with movement (MWM) techniques may assist
with retraining muscle function for proper tracking of the
humeral head.136

■  Shoulder MWM for painful restriction of shoulder external
rotation (Fig. 17.12).
■ Patient position: Supine lying with folded towel under

the scapula; the elbow is near the side and flexed to 90°.
A cane is held in both hands.

■ Therapist position and procedure: Stand on the opposite
side of the bed facing the patient and reach across the
patient’s torso to cup the anteromedial aspect of the head
of the humerus with reinforced hands. Apply a pain-free
graded posterolateral glide of the humeral head on the
glenoid. Instruct the patient to use the cane to push the
affected arm into the previously restricted range of ex-
ternal rotation. Sustain the movement for 10 seconds
and repeat in sets of 5 to 10. It is important to maintain
the elbow near the side of the trunk and ensure that no
pain is experienced during the procedure. Adjust the
grade and direction of the glide as needed to achieve
pain-free function.

■  Shoulder MWM for painful restriction of internal rotation
and inability to reach the hand behind the back (Fig. 17.13). 
■ Patient position: Standing with a towel draped over the

unaffected upper trapezius and affected hand at current
range of maximum pain-free position behind back. The
patient’s hand on the affected side grasps the towel 
behind the back.
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FIGURE 17.11 Poor mechanics with the patient hiking the shoul-
der while attempting to abduct the arm. This results in limited
scapula upward rotation and increased superior humeral head
translations.

FIGURE 17.12 Mobilization with movement (MWM) to improve GH
joint external rotation. A posterolateral glide is applied to the humeral
head while the patient pushes the arm into the end-range of external
rotation with a cane.
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■ Therapist position and procedure: Stand facing the 
patient’s affected side. Place the hand closest to the 
patient’s back high up in the axilla with the palm facing
outward to stabilize the scapula with an upward and
inward pressure. With the hand closest to the patient’s
abdomen, hook the thumb in the cubital fossa and
grasp the lower humerus to provide an inferior glide.
Your abdomen is in contact with the patient’s elbow to
provide an adduction force to the arm. Have the patient
pull on the towel with the unaffected hand to draw the
affected hand up the back while the mobilization force
is being applied in an inferior direction. Ensure that no
pain is experienced during the procedure. Adjust the
grade and direction of glide as needed to achieve pain-
free function. Maximal glide should be applied to
achieve end-range loading.

■  Shoulder MWM for painful arc or impingement signs. If 
impingement signs are present in addition to the capsular
restrictions, the MWM active elevation technique may 
be appropriate. (See Fig. 17.17 and description in the 
impingement section.)

Improve Muscle Performance
■  Faulty postures or shoulder girdle mechanics when moving

the upper extremity, such as scapula elevation or protrac-
tion or excessive trunk movement, should first be identified
and corrected. Manual techniques, stretches, and strength-
ening exercises are initiated to correct muscle length or
strength imbalances, followed by an emphasis on develop-
ing active control of weak musculature. As the patient
learns to activate the weak muscles, progress to strength-
ening in functional patterns.

■  Because faulty postures or shoulder girdle mechanics may
be impacted by impaired trunk strength or control, an em-
phasis on trunk stability should also be considered. Exercises
to manage faulty spinal posture are described in Chapter 16,
with active cervical retraction and thoracic extension espe-
cially important for shoulder function.

■  After proper mechanics are restored, the patient should
perform active ROM of all shoulder motions daily and 
return to functional activities to the extent tolerated.

GH Joint Hypomobility: Management—Return
to Function Phase
For joint impairments in the chronic stage, follow the guide-
lines described in Chapter 10, Box 10.4.

Progressively Increase Flexibility and Strength
■  Stretching and strengthening exercises are progressed as

the joint tissue tolerates. The patient should be actively
involved in self-stretching and strengthening by this time,
so emphasis during treatment is on maintaining correct
mechanics, safe progressions, and exercise strategies for
return to function. Progressions may include increasing
resistance and repetitions, performing exercises through
multiple planes, adding perturbations, and incorporating
regional muscle groups (such as the trunk) into dynamic
exercises.

■  If capsular tissue is still restricting ROM, vigorous man-
ual stretching and joint mobilization techniques are 
applied.

Prepare for Functional Demands
If the patient is involved in repetitive heavy lifting, pushing,
pulling, carrying, or reaching, exercises are progressed to
replicate these demands. See the last section of this chapter
and Chapter 23 for suggestions.

 FOCUS ON EVIDENCE
The Clinical Practice Guidelines (CPGs) for Shoulder Pain
and Mobility Deficits from Adhesive Capsulitis published by
the Orthopaedic Section of the American Physical Therapy
Association summarizes research and makes treatment rec-
ommendations supporting patient education (moderate ev-
idence), GH joint mobilization (weak evidence), modalities
(weak evidence), translational manipulation (weak evidence),
and stretching exercises (moderate evidence) for treating this
patient population.97

GH Joint Management: Postmanipulation
Under Anesthesia
Occasionally, no progress is made and the physician chooses
to perform manipulation under anesthesia. Following this
procedure there is an inflammatory reaction and the joint 
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FIGURE 17.13 MWM to improve GH joint internal rotation. An infe-
rior glide is applied to the humerus while the patient pulls the hand
up the back with a towel.
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is treated as an acute lesion. If possible, joint mobility and
passive ROM techniques are initiated while the patient is still
in the recovery room. Surgical intervention with incision of
the dependent capsular fold may be used if the adhesions are
not broken with the manipulation. Postoperative treatment
is the same with the following considerations.148

■  The arm is kept elevated overhead in abduction and exter-
nal rotation during the inflammatory reaction stage; treat-
ment principles progress as with any joint lesion.

■  Therapeutic exercises are initiated the same day while the
patient is still in the recovery room, with emphasis on in-
ternal and external rotation in the 90° (or higher) abducted
position.

■  Joint mobilization procedures are used, particularly 
a caudal glide, to prevent re-adherence of the inferior
capsular fold.

■  When sleeping, the patient may be required to position the
arm in abduction for up to 3 weeks after manipulation.

Acromioclavicular and Sternoclavicular
Joints
Related Pathologies and Etiology of Symptoms
Overuse syndromes. Overuse syndromes of the AC joint
may result from repeated stressful joint movements with the
arm at waist level, such as with grinding, packing assembly,
and construction work,71 or repeated diagonal extension,
adduction, and internal rotation motions, as when spiking a
volleyball or serving in tennis. The AC joint is susceptible to
overuse syndromes in conjunction with arthritis or following
a traumatic injury.

Subluxation or dislocation. Subluxation or dislocation of
either the AC or SC joints is usually caused by falling on the
shoulder or an outstretched arm. At the AC joint, the distal
end of the clavicle often displaces posteriorly and superiorly
on the acromion, and the ligaments supporting the AC joint
may rupture.147 After trauma and associated overstretching
of the capsules and ligaments of either joint, hypermobility
is usually permanent because there are almost no muscles that
provide direct stability to these joints.

Hypomobility. Decreased clavicular mobility may occur
with SC joint OA and may contribute to TOS by compro-
mising the space available for the neuromuscular bundle as
it courses between the clavicle and first rib (described in
Chapter 13).

Common Impairments of Structure 
and Function
■  Pain localized to the involved joint or ligament.
■  Painful arc toward the end-range of shoulder elevation.
■  Pain with shoulder horizontal adduction or abduction.
■  Hypermobility if trauma or overuse is involved.
■  Hypomobility if sustained posture, arthritis, or immobility

is involved.

Common Activity Limitations and Participation
Restrictions 
■  Limited ability to sustain repeated forceful movements of

the arm, such as with grinding, packing, assembly, and con-
struction work.71

■  Inability to reach overhead or perform repetitive overhead
activities without pain.

Nonoperative Management of AC or SC Joint
Strain or Hypermobility
■  Minimize joint loading by supporting the weight of the

arm with a sling.
■  Cross-fiber massage to the capsule or ligaments.
■  Maintain ROM of the GH joint and scapulothoracic 

articulation.
■  Instruction in self-application of cross-fiber massage if

joint symptoms occur after excessive activity.
■  Increase strength of shoulder complex, trunk, and legs.
■  Gradually return to functional activities.

Nonoperative Management of AC or SC Joint
Hypomobility
Joint mobilization techniques are used to increase joint 
mobility (see Figs. 5.22 through 5.24).

Glenohumeral Joint Surgery
and Postoperative
Management

Severe deterioration of one or both surfaces of the GH joint
or an acute or nonunion fracture of the proximal humerus
often must be managed with surgical intervention. Underly-
ing pathologies that cause advanced joint destruction include
late-stage OA, RA, traumatic arthritis, cuff tear arthropathy,
and osteonecrosis (avascular necrosis) of the head of the
humerus.

The most common surgical procedure used to treat ad-
vanced shoulder joint pathology is GH arthroplasty, often
simply referred to as shoulder arthroplasty.34 In rare situa-
tions, arthrodesis (surgical ankylosis) of the GH joint may
be necessary as an alternative to arthroplasty or as a salvage
procedure.124

The goals of these surgical procedures and the postoperative
rehabilitation program are to (1) relieve pain, (2) improve
shoulder mobility or stability, and (3) restore or improve
strength and functional use of the upper extremity. The extent
to which these goals are achieved is predicated on the patient’s
participation in postoperative rehabilitation, the distinguishing
features and severity of the underlying pathology; the pros-
thetic design and surgical techniques; the integrity of the rota-
tor cuff mechanism and other soft tissues; and the age, overall
health, and anticipated activity level of the patient.33,124,179,185
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Glenohumeral Arthroplasty
GH arthroplasty falls into several categories, the most common
of which are total shoulder arthroplasty (TSA),124,141,179,185

in which both the glenoid and humeral surfaces are replaced
(Fig. 17.14), and hemireplacement arthroplasty (hemiarthro-
plasty), in which only the humeral head is replaced.59,124,143,179,234

Reverse total shoulder arthroplasty (rTSA) is another type of
arthroplasty, typically used when rotator cuff integrity is 
compromised.37,127,211 Other categories of shoulder arthro-
plasty include interpositional and resurfacing arthroplasties,
which involve less extensive removal of bone.124,179,185,202

Procedures
Background
Implant design, materials, and fixation. Since the pioneer-
ing work of Neer during the 1960s and 1970s141,143 prosthetic
designs and surgical techniques for replacing the shoulder joint
have continued to evolve. The designs of contemporary TSA
hardware, composed of a high-density polyethylene glenoid
component (usually all plastic) and a modular inert metal
humeral component, closely approximate the biomechanical
characteristics of the human shoulder.227 The exception to this
is the rTSA, the design of which reverses the native shoulder
ball and socket relationship. Specifically, the glenoid fossa is re-
placed with a convex, “glenospherical” component attached to
a glenoid base and the humeral head is replaced with a
stemmed concave cup.209 Fixation of the prosthetic compo-
nents is achieved with cement, , bio-ingrowth, or a press fit. The
type of fixation selected by the surgeon depends on the
component, the underlying pathology, and the quality of
the bone stock. Cement fixation is most often necessary in
patients with osteoporosis.33,123,124,227

The designs of total shoulder replacements, ranging from
unconstrained to semiconstrained to constrained, provide
varying amounts of mobility and stability to the GH joint.
Box 17.1 summarizes the characteristics of each of these 
designs.33,123,124,176,179,185,202

Selection of procedure. Controversy exists over the specific
criteria for selection of TSA versus rTSA versus hemiarthro-
plasty, but in general it depends on the etiology and severity
of joint deterioration and the condition of the periarticular
soft tissues, particularly the rotator cuff mechanism.124,186

Several examples that follow underscore the complexity of the
clinical decision-making process involved in the choice of 
operative procedure and prosthetic design.

In patients with late-stage primary OA, the GH joint typ-
ically exhibits loss or thinning of the articular cartilage of the
head of the humerus and the posterior portion of the glenoid
fossa. The rotator cuff is intact in approximately 90% to 95%
of these patients, making them good candidates for either
TSA or hemiarthroplasty.33,123,176,179,185 A recent meta-analysis
found better functional outcomes in those receiving a TSA,
but no differences in instability or revision rates between TSA
and hemiarthroplasty.48 Chronic synovitis associated with RA
or other types of synovium-based arthritis tends to erode pe-
riarticular soft tissues in addition to joint articular surfaces.
As a consequence, a full-thickness rotator cuff tendon tear
(typically the supraspinatus) develops in 25% to 40% of these
patients and a biceps tendon rupture in an even greater per-
centage.59,176,185,202 If the soft tissues can be repaired and their
functions improved, a semiconstrained TSA may be indi-
cated. If an effective repair cannot be achieved, an rTSA is
usually indicated. When there is insufficient bone stock for
fixation of a glenoid implant, hemiarthroplasty is usually the
procedure of choice.59,124,176,179,186,202

Hemiarthroplasty is often used when the articular surface
and underlying bone of the humeral head have deteriorated,
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FIGURE 17.14 Postoperative anterior-posterior view of the shoul-
der showing a Neer II type of cemented humeral prosthesis and 
a nonmetal backed polyethylene glenoid. (From Tovin, BJ, and 
Greenfield, BH: Evaluation and Treatment of the Shoulder—An 
Integration of the Guide to Physical Therapist Practice. Philadelphia:
F.A. Davis, 2001, p 266, with permission.)

Indications for Surgery
The following structural and functional impairments associ-
ated with these pathologies are widely accepted indications
for GH arthroplasty.33,49,123,124,141,143,179,185,194,215

■  Persistent and incapacitating pain (at rest or with activity)
secondary to GH joint destruction is the primary indica-
tion for GH arthroplasty.

■  Secondary indications include loss of shoulder mobility or
stability and/or loss of upper extremity strength with an
inability to perform functional tasks.

5850_Ch17_546-622  24/08/17  10:52 AM  Page 559



but the glenoid fossa is reasonably intact, as seen with os-
teonecrosis.33,124,185 For the patient with severe, chronic pain
and loss of function as the result of a massive, irreparable cuff
tear and subsequent cuff tear arthropathy, rTSA is usually in-
dicated. (First used by Neer, the term “cuff tear arthropathy”
refers to deterioration and eventual collapse of the head of
the humerus, an infrequent but debilitating long-term result
of a primary, massive, and irreparable tear of the rotator
cuff.124,176,215,234)

Chronic deficiency of the rotator cuff mechanism often
leads to superior migration of the humeral head on the gle-
noid fossa. If a glenoid TSA component is inserted under
these conditions, superior migration creates an incongruous
articulation that can increase the risk of component loosening
and premature wear of the glenoid implant.32,79,176 The rTSA
was developed to overcome this complication by minimizing
translation between the glenosphere and humeral articular

surfaces. Other features of the rTSA include reduced forces
on the glenoid component, inherent stability owing to the
congruency of the components, and increased deltoid mo-
ment arms. One limitation of the rTSA design is decreased
GH ROM.20,127,209

Operative Procedures
TSA, rTSA, and hemiarthroplasty are open surgical proce-
dures performed with the patient in a semi-reclining position.
These operative procedures involve the following compo-
nents:33,59,124,179,185 (1) anterior approach using a deltopectoral
incision that extends from the AC joint to the deltoid inser-
tion for adequate surgical exposure; (2) release (tenotomy) of
the subscapularis tendon from its proximal attachment on the
lesser tuberosity; (3) anterior capsulotomy; (4) exposure of
the humeral head for a humeral osteotomy; and (5) prepara-
tion of the humeral canal for insertion of the prosthetic im-
plant. The glenoid fossa is either débrided or contoured to
accept the implant for a TSA. After component placement,
the subscapularis is then reattached and may be lengthened
(medial advancement or Z-plasty) if external rotation ROM
is limited.

Reconstruction and balancing of soft tissues is critical for
optimal function after TSA, rTSA, and hemiarthroplasty.
“Balancing” refers to the intraoperative lengthening or tight-
ening of soft tissues to restore as near-normal resting ten-
sion in the tissues as possible, particularly in the rotator cuff, 
biceps, and deltoid muscle-tendon units.

Concurrent procedures that may be necessary during
shoulder arthroplasty include:

■  Repair of a deficient rotator cuff if the quality of the cuff
tissue is sufficient.

■  Capsular plication and tightening for chronic GH joint
subluxation or dislocation.

■  Anterior acromioplasty for a history of impingement 
syndrome.

■  Bone graft of the glenoid if bone stock is insufficient for
fixation of the glenoid implant.

After implantation of the prosthetic component(s) and re-
pair of soft tissues but before closure of the skin incision, the
shoulder is passively moved through all planes of motion to
visually evaluate the stability of the prosthetic joint and the
integrity of the repaired soft tissues. This determines the
anatomical ROM possible after surgery and the aggressiveness
of the postoperative program.33,124

Complications
Although the incidence of intraoperative and postoperative
complications after current-day arthroplasty is low, even a
single complication can adversely affect functional outcomes.
The incidence of complications after TSA tends to be higher
in patients with a deficient rotator cuff mechanism, osteo-
porosis, or a history of chronic GH joint instability.78 Aside
from medical complications such as infection or a deep vein
thrombosis, complications specific to shoulder arthroplasty
are noted in Box 17.2.32,78
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BOX 17.1 Designs of Prosthetic Implants 
for Total Shoulder Arthroplasty

Unconstrained
■ Anatomical design with a small, shallow glenoid component

combined with a stemmed humeral component
■ The most frequently used prosthetic design
■ Provides the greatest freedom of shoulder motion but no

inherent stability
■ Indicated when the rotator cuff mechanism is intact or can

be repaired to provide dynamic stability to the GH joint

Semiconstrained
■ A larger glenoid component that is hooded or cup-shaped
■ Some degree of joint stability inherent in the design
■ Indicated when erosion of the glenoid fossa can be

compensated for by reaming the fossa in conjunction with
a functional rotator cuff; although deficient preoperatively,
fossa can be improved by repair

Reversed Ball and Socket
■ Small humeral socket that slides on a larger ball-shaped

glenoid component
■ Combines moderate stability with mobility for rotator cuff-

deficient shoulders that cannot be repaired
■ Provides an alternative to standard, semiconstrained total

shoulder arthroplasty (TSA) and hemiarthroplasty

Constrained
■ Fixed fulcrum, ball-in-socket designs with congruency of

the glenoid and humeral components
■ Greatest amount of inherent joint stability but less mobility

than other designs
■ Once thought to be an alternative to hemiarthroplasty for

the selected patient with a deficient rotator cuff, cuff tear
arthropathy, or chronic/recurrent GH joint dislocation after
a previous TSR

■ Rarely used today owing to high rate of loosening or failure
of the components
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Postoperative Management
NOTE: Effective patient education and close communication
among the therapist, surgeon, and patient are the basis of an 
effective and safe rehabilitation program. Postoperative manage-
ment is individualized to address the specific surgical procedures
used and to meet the unique needs of each patient.

Special Considerations
Integrity of the rotator cuff. Regardless of the underlying
cause of late-stage GH arthritis, the goals, components, and
rate of progression of a rehabilitation program after TSA or
hemiarthroplasty are influenced by the preoperative and post-
operative integrity of the rotator cuff mechanism. The reha-
bilitation program for the patient with an intact rotator cuff
prior to shoulder arthroplasty can be progressed more rapidly
than the program for a patient with rotator cuff deficiency
that requires repair at the time of shoulder arthroplasty.

When the rotator cuff is intact prior to surgery, the em-
phasis of postoperative rehabilitation is to restore shoulder
mobility and functional use of the arm as soon as possible
while protecting soft tissues as they heal. In contrast, with a
tenuous repair or preoperative history of recurrent GH dis-
location, rehabilitation will emphasize improving or main-
taining joint stability rather than mobility.42,49,54,99,124

Intraoperative ROM. Goals for safe, stable postoperative
ROM are based on intraoperative ROM measurements taken
prior to closing the surgical incision. For a patient with an

unconstrained TSA and sufficient postoperative shoulder sta-
bility, the goal at the conclusion of rehabilitation is to achieve
active ROM equal to intraoperative ROM—ideally, 140° to
150° of shoulder elevation and 45° to 50° of external rota-
tion.42,124 For the patient with a more constrained TSA, a de-
ficient rotator cuff mechanism, or GH laxity, intraoperative
ROM is typically less, and postoperative goals focus more on
dynamic stability and less on shoulder mobility. Following
rTSA, ROM is limited to 0° to 20° external rotation and 
90° to 120° elevation for 3 months.20,127

Posture. When increased thoracic kyphosis and scapular
protraction are present,103 it is important to emphasize an
erect sitting or standing posture during elevation of the arm
and to incorporate spinal extension and scapular retraction
exercises into the postoperative program.

Immobilization and Postoperative Positioning
At the close of the surgical procedure, the operated arm is
placed in some type of shoulder immobilizer, usually a sling
or sometimes a splint, for comfort and to protect reattached
and repaired soft tissues.33,124,176,185,204 Early postoperative
positioning that protects the operated shoulder is detailed
in Box 17.3. 

Initially, the immobilizer is removed only for exercise and
bathing. A patient who did not require repair of the rotator cuff
is weaned from the sling during the day as quickly as possible
to prevent postoperative stiffness. However, a patient who has
undergone a cuff repair or other soft tissue reconstruction may
need to wear the sling while in crowded areas or during sleep
for approximately 4 to 6 weeks to protect the repaired tissues
until sufficient healing has occurred.21,23,33,42,49,50,99,124,194
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BOX 17.2 Complications Specific to
Glenohumeral Arthroplasty

Intraoperative Complications
■ Insufficient lengthening of a tight subscapularis 

muscle-tendon unit
■ Intraoperative damage to the axillary or suprascapular

nerves, affecting the deltoid and
supraspinatus/infraspinatus muscles, respectively

■ Humerus fracture 

Postoperative Complications Related to Soft Tissue
■ Re-tearing a repaired rotator cuff mechanism
■ Disruption or failure of the repaired subscapularis
■ Chronic GH joint instability or dislocation
■ Dislocation (higher after rTSA than TSA)
■ Progressive erosion of the glenoid fossa articular surface

(after hemiarthroplasty)

Postoperative Complications Related to the Implants
■ After TSA mechanical (aseptic) loosening, premature wear,

or fracture of the polyethylene glenoid implant
■ Most often seen in a rotator cuff-deficient shoulder
■ Due to excessive stresses at the bone–prosthesis

interface
■ Low incidence with unconstrained designs but higher

with early-generation constrained designs
■ Loosening of the humeral prosthesis after hemiarthroplasy

BOX 17.3 Positioning After Shoulder
Arthroplasty: Early Postoperative
(Maximum Protection) Phase

Supine
■ Arm immobilized in sling that is worn continuously

■ Elbow flexed to 90°
■ Forearm and hand resting on abdomen

■ Arm supported at the elbow on a folded blanket or pillow
slightly away from the side and anterior to the midline of
the trunk
■ Forward flexion (10° to 20°), slight abduction, and internal

rotation of the shoulder
■ Head of bed elevated about 30°

Sitting
■ Arm supported in sling or resting on a pillow in the

patient’s lap or on the armrest of a chair

With Tenuous Rotator Cuff Repair
■ In some cases, if a sling does not provide adequate

protection of a repaired cuff, an abduction splint 
must be worn
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A patient who has undergone an rTSA wears a shoulder
immobilizer (sling and swathe) continuously for 3 to 4 weeks
following surgery except for daily personal hygiene and peri-
odic PROM during the day.127

Exercise Progression
The guidelines for progression of exercises during each phase
of rehabilitation after TSA, rTSA, or hemiarthroplasty pre-
sented in this section are primarily drawn from the limited
number of published protocols available, most of which are
based on clinical experience rather than evidence from con-
trolled studies and none of which has been shown to be more
effective than another.21,23,34,42,49,98,99,103,124,194,215 Although
most of the protocols are time-based, a handful of more 

recent criteria-based protocols are now available.20,34,49,209,215

It is important to note that these criteria and suggested time-
lines for progression of exercises and functional activities
must be adapted to each patient based on periodic evaluations
of the patient’s status and ongoing communication between
the therapist and the surgeon. 

NOTE: The exercise guidelines in this section are for patients
without preoperative rotator cuff deficiency and who did not
undergo a cuff repair during TSA or hemiarthroplasty. For pa-
tients with a poor quality rotator cuff mechanism or who under-
went rTSA, modifications in guidelines are noted. A comparison
of postoperative exercise guidelines and precautions following
TSA versus rTSA is summarized in Table 17.2.
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TABLE 17.2 Comparison of Exercise Guidelines and Precautions Following Total Shoulder Arthroplasty 
and Reverse Total Shoulder Arthroplasty

Total Shoulder Arthroplasty Reverse Total Shoulder 
(Intact Rotator Cuff) Arthroplasty

Progression of rehab

Immobilization

ROM restrictions

ROM exercises, 
stretching, and 
joint mobilization

Phase 1: postop weeks 0–4
Phase 2: postop weeks 4–12
Phase 3: postop weeks 12+

■ No immobilizer unless rotator cuff repaired
■ Sling worn for comfort when shoulder

unsupported and when in crowded, public
areas or during sleep for about 4 weeks

■ Sling removed for exercise soon after
surgery as directed by surgeon

Limit from 0–4 weeks:
■ Elevation of the arm: up to 120°
■ External rotation up to 30° (arm at side)
Limit for 4–6 weeks:
■ No GH extension past neutral
After 6–12 weeks:
■ Combined adduction, internal rotation,

extension permitted

During Phase 1:
■ Grade I /II joint oscillations
■ AROM: scapula and distal extremity joints only
■ Pendulum exercises
■ PROM→A-AROM GH joint 

—Perform in supine (0–3 weeks) 
—Progress to A-AROM in sitting and

standing
■ AROM of GH joint by 4–6 weeks
■ No active internal rotation for at least 6

weeks (to protect subscapularis repair)
During Phase 2:
■ Continue AROM
■ Gradually increase GH rotation
■ Gentle stretching after 6–8 weeks, if needed

Phase 1: postop weeks 0–6
Phase 2: postop weeks 6–12 or 16
Phase 3: postop weeks 12+ or 16+

■ Abduction splint (shoulder in scapular plane)
■ Worn 24 hours/day for first 3–4 or up to 

6 weeks
■ Removed for pendulum exercises 

3–4 times/day and personal hygiene

Limit for 12 weeks or more:
■ No GH extension or internal rotation past

neutral
■ No combined GH extension, adduction,

internal rotation
■ 0°–20° external rotation and up to 

90°–120° arm elevation in scapular plane 

During Phase 1 (when immobilizer can be
removed):
■ Grade I /II joint oscillations
■ AROM: scapula and distal extremity joints only
■ Pendulum exercises
■ PROM only of GH joint
■ Observe ROM restrictions

During Phase 2:
■ Increase PROM while observing motion

restrictions
■ A-AROM→AROM of GH joint 

—Begin in supine; progress to sitting, standing 
—Gradually increase internal rotation past

neutral
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TABLE 17.2 Comparison of Exercise Guidelines and Precautions Following Total Shoulder Arthroplasty 
and Reverse Total Shoulder Arthroplasty—cont’d

Total Shoulder Arthroplasty Reverse Total Shoulder 
(Intact Rotator Cuff) Arthroplasty

Resistance exercises

ADL precautions

A-AROM = active-assistive ROM; AROM = active ROM; ADL = activities of daily living; GH = glenohumeral; NWB = nonweight bearing; 
ST = scapulothoracic; UE = upper extremity

During Phase 3:
■ Progress end-range self-stretching

During Phase 1:
■ Only light, NWB isometrics of ST and deltoid

muscles with shoulder in scapular plane
During Phase 2:
■ Emphasis on improving function of rotator

cuff and ST muscles
■ Submaximal isometrics of GH muscles

combined with light weight bearing (closed-
chain) through UE

■ Delay resisted rotation for several weeks (to
protect repaired rotator cuff)

■ Progress to low-resistance dynamic
strengthening of elbow and wrist; ST and GH
joints if mechanics during AROM allow

During Phase 3:
■ Progress PRE in functional patterns
■ Progress closed-chain stabilization exercises

For first 4 to 6 weeks:
■ Observe ROM restrictions: 

—Do not reach behind the back or into hip
pocket 

—When supine, support arm on pillow to
avoid GH extension past neutral 

—Light ADL permitted with elbow at waist
level (writing, eating, washing face)

■ Do not lean on involved arm (rising from or
sitting down in chair)

■ Lifting limit: 1 lb (cup of coffee or glass of
water)

From 6–12 weeks:
■ Limit unilateral lifting to 3 lb
After 12 weeks:
■ Ultimate bilateral lifting limit: 10–15 lb
■ Gradual return to light functional activities

During Phase 3:
■ Gentle stretching, if needed within motion

restrictions

During Phase 1:
■ Only light, NWB isometrics of ST and deltoid

muscles with shoulder in scapular plane
During Phase 2:
■ Emphasis on improving function of deltoid

and ST muscles
■ Submaximal isometrics (NWB only) of GH

and ST muscles
■ Delay resisted rotation for several weeks (to

protect repaired subscapularis and teres
minor, if preserved)

■ Progress to low-resistance, dynamic
strengthening of elbow and wrist; ST and GH
joints if mechanics during AROM allow 
—NWB positions only (through week 12)

During Phase 3:
■ Begin closed-chain stabilization exercises
■ Progress UE PRE in functional patterns

For first 12 weeks:
■ Observe ROM restrictions during functional

activities 
—Do not reach behind the back or into hip

pocket 
—When supine, support arm on pillow to

avoid GH extension past neutral
■ By 5–7 weeks light ADL permitted with

elbow at waist level (writing, eating, washing
face)

■ Do not lean on involved arm (rising from or
sitting down in chair

■ Restrict lifting with operated arm for 12–16
weeks (no heavier than cup of coffee or
glass of water)

After 12–16 weeks
■ Limit unilateral lifting to 6 lb
■ Ultimate bilateral lifting limit: 10–15 lb
■ Gradual return to light functional activities

CLINICAL TIP
Remember, regardless of implant design, pain relief is the pri-
mary goal of shoulder arthroplasty, with improvement in
functional mobility a secondary goal. Although improve-
ments in surgical techniques and implant technology allow
more accelerated progression of postoperative rehabilitation
than was possible several decades ago, it is still important to
proceed judiciously during each phase of rehabilitation to

avoid damage to the healing soft tissues, implant loosening,
or excessive muscle fatigue or irritation.

Exercise: Maximum Protection Phase
The maximum protection phase of rehabilitation following
TSA begins on the first postoperative day and extends for 4 to
6 weeks. The emphasis of this phase is patient education, pain
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control, and initiation of ROM exercises to prevent tissue ad-
hesions and restore shoulder mobility to the ranges achieved
during surgery as early as possible. Early motion is permissible
after uncemented and cemented fixation.

While the patient is hospitalized, patient education includes
reviewing early postoperative precautions and teaching the 
initial exercises of the patient’s home program. Precautions
during the first 4 to 6 weeks after TSA, when protection of soft
tissues is crucial, are summarized in Box 17.4. A patient’s 
adherence to these precautions is critical during this phase of
rehabilitation.

Goals and interventions. The maximum protection phase
of rehabilitation includes the following:21,23,34,42,49,50,98,99,124,194

■  Control pain and inflammation.
■ Use a sling or splint for comfort.
■ Use prescribed analgesic and anti-inflammatory 

medication.
■ Use cryotherapy, especially after exercise.

■  Maintain mobility of adjacent joints.
■ Active movements of the spine and scapula (while wear-

ing the shoulder sling and when it is removed for exercise)
to maintain motion and minimize muscle guarding and
spasm. Incorporate “shoulder rolls” by elevating, retract-
ing, and then relaxing the scapulae to reinforce an erect
posture of the trunk. Emphasize active scapular retraction
and spinal extension.

■ Active ROM of the hand, wrist, and elbow when the arm
is removed from the sling.

■  Restore shoulder mobility.
■ Passive or therapist-assisted shoulder motions within the

safe ROM limits determined during surgery. With the pa-
tient lying supine and the arm slightly away from the side
of the trunk on a folded towel and the elbow flexed, per-
form elevation of the arm in the plane of the scapula to
tolerance, external rotation to no more than 30° to 45°,
and internal rotation until the forearm rests on the chest.

■ Pendulum (Codman’s) exercises. In addition, encourage
the patient to periodically remove the sling and swing
the arm gently during ambulation at home.

■ Later in this phase, progress to supine self-assisted shoul-
der ROM (elevation and rotation) by first assisting with
the sound hand and later with a wand or dowel rod. Add
horizontal abduction to neutral and adduction across
the chest with the assistance of a wand.

■ Self-assisted shoulder ROM with a wand in sitting or stand-
ing position by performing “gear shift” exercises (see
Fig. 17.23), by sliding the arm forward on a tabletop (see
Fig. 17.25), or with an overhead rope pulley system. Remind
the patient to maintain an erect trunk when performing
assisted shoulder motions while seated or standing.

■ Self-assisted reaching movements (to the nose, forehead,
or over the head as comfort allows) to simulate func-
tional movements.
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BOX 17.4 Precautions for the Maximum Protection Phase of Rehabilitation Following Shoulder
Arthroplasty

Exercise
■ Short but frequent exercise sessions (four or five times per day).
■ Low number of repetitions per exercise.
■ Only passive or assisted shoulder ROM exercises and only

within the “safe” limits of ranges noted during surgery.
Absolutely no end-range stretching.
■ Passive external rotation to neutral after rTSA or to less 

than 30° after TSA to avoid excessive stress to the surgically
repaired subscapularis muscle.

■ During passive or assisted shoulder rotation with the patient
lying supine, position the humerus slightly anterior to the
midline of the body (by placing the arm on a folded towel) 
to avoid excessive stress to the anterior capsule and 
suture line.

■ No hyperextension or horizontal abduction (beyond neutral)
of the shoulder to avoid stress to the anterior capsule.

■ No combined extension, adduction, and internal rotation
■ If an overhead rope-pulley system is used for assisted

elevation of the arm, initially have the patient face the
doorway and pulley apparatus, so shoulder elevation occurs
only within a limited range.

■ Maintain an erect trunk during passive or assisted elevation
of the arm while sitting or standing to avoid subacromial
impingement of soft tissues.

■ In most instances, no active (unassisted), antigravity, dynamic
shoulder exercises, particularly resisted internal rotation.

■ No resistance (strengthening) exercises.
■ In general, a more gradual progression of exercises following

rTSA and for a patient with a severely damaged and repaired
or irreparable rotator cuff mechanism who underwent TSA
than for a patient with a preoperatively intact cuff.

Activities of Daily Living
■ Limit activities to those that can be performed with the elbow

at waist level, such as eating or writing.
■ Avoid reaching behind the back to tuck in a shirt, reach into a

back pocket, or following toileting.
■ Avoid weight bearing on the operated extremity, such as

pushing during transfers or when moving in bed, especially the
first few weeks after surgery.

■ Avoid lifting objects with the operated arm.
■ Support the arm in a sling during extended periods of standing

or walking.
■ Wear the sling while sleeping or outside in crowded areas.
■ No driving for 4 to 6 weeks.
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■ For some patients, transition to active (unassisted)
shoulder ROM is often possible by 4 weeks.

■ Functional activities with the elbow at waist level, such
as hand to face and writing, are permissible.

■  Minimize muscle inhibition, guarding, and atrophy.
■ Gentle muscle-setting of shoulder musculature (exclud-

ing the internal rotators) with the elbow flexed and the
shoulder in the plane of the scapula or neutral. Teach
these exercises prior to discharge from the hospital by
having the patient practice isometric contractions of the
muscles of the sound shoulder. Postpone setting exercises
(light isometrics) of the operated shoulder until about
4 to 6 weeks after surgery.

■ Scapular stabilization exercises in nonweight-bearing po-
sitions. Target the serratus anterior and trapezius muscles.

NOTE: For a patient who underwent TSA with repair of a
large rotator cuff tear, it may not be permissible to begin ROM
exercises immediately after surgery. When the sling or splint
can be removed for exercise, perform only passive or assisted
ROM throughout the first phase of rehabilitation. The range of
shoulder elevation and external rotation initially permitted
may be less than for shoulders that did not require cuff repair.
Postpone active (unassisted), antigravity ROM and light iso-
metrics until the second phase (approximately 6 weeks 
postoperatively, when repaired soft tissues are reasonably
well healed).

Following rTSA, patients have a lifting limit of 1 lb or less for
6 weeks, and external rotation and elevation ROM are limited
to 0° to 20° and 90° to 120°, respectively, for 3 months.20,127 In
addition, hyperextension, lifting, and supporting of body weight
with the involved shoulder are all precautions following rTSA.20

(Refer to Table 17.2 for additional precautions after rTSA.)

Criteria to progress. Criteria to advance to the second phase
of rehabilitation following TSA are:

■  ROM: At least 90° of passive elevation, at least 45° degrees
of external rotation, and 70° of internal rotation in the
plane of the scapula with minimal pain215 or almost full,
passive shoulder motion based on intraoperative measure-
ments with little to no pain.34,99

■  No pain during resisted, isometric internal rotation of the
subscapularis.34

■  Ability to perform most waist-level activities of daily living
(ADLs) without pain.99

■  For rTSA, criteria include tolerance of assisted ROM and
demonstration of the ability to isometrically activate the
deltoid and periscapular musculature while the joint is 
positioned in the scapular plane.20

Exercise: Moderate Protection/Controlled Motion
Phase
Although suggested timelines vary from one resource to an-
other, the moderate protection/controlled motion phase of
rehabilitation, which typically begins at about 4 to 6 weeks
postoperatively and extends to at least 12 to 16 weeks, focuses
on gradually establishing active (unassisted) control, dynamic

stability, and strength of the shoulder while continuing to 
increase ROM.21,23,42,49,98,99,124,194,215

PRECAUTIONS: During this phase of rehabilitation, although
it is safe to place increasing stresses (stretching or resistance)
on periarticular soft tissues, it is important to do so gradually
so as not to irritate tissues that are continuing to heal. There-
fore, continue with short but frequent exercise sessions and
avoid vigorous stretching or resistance exercises or overuse of
the involved shoulder during functional activities.

Goals and interventions. The goals and exercises for this
phase of rehabilitation are as follows.

■  Continue to increase ROM of the shoulder.
■ Transition from passive or assisted ROM to low-intensity,

pain-free stretching in all anatomical and diagonal planes
of motion to achieve intraoperative ROM.

■ Gentle joint mobilization techniques for specific capsu-
lar restrictions.

■ In addition to therapist-assisted stretching, teach the patient
how to perform gentle self-stretching exercises to increase
elevation, internal/external rotation, extension, and hor-
izontal adduction/abduction. Suggestions are pictured in
the Exercise Techniques section of this chapter.

■  Develop active control and dynamic stability and improve
muscle performance (strength and endurance) of the
shoulder.
■ Continue with or gradually transition to active shoulder

ROM exercises, initiating antigravity abduction when
the patient can perform the movement without substi-
tuting scapula elevation.

■ Scapular and GH joint stabilization exercises (alternating
isometrics and rhythmic stabilization) can progress from
nonweight-bearing to minimal weight-bearing positions.

NOTE: For patients who have had an rTSA, maintain nonweight-
bearing precautions for up to 12 weeks postoperatively.20

■  Pain-free, low-intensity (submaximal) resisted isometrics
of shoulder muscles can be incorporated, including the
subscapularis and any other repaired muscle-tendon units.

■  Begin dynamic resistance exercises for the scapula and
shoulder musculature (between 0° and 90° of shoulder 
elevation) using light weights or light-grade elastic resist-
ance. Begin in the supine position to support and stabilize
the scapula and progress to the sitting position.

■  Begin upper extremity endurance training with a station-
ary ergometer or a portable reciprocal exerciser on a table.
Progress by increasing repetitions or time to increase mus-
cular and cardiopulmonary endurance.

Criteria to progress. To advance to the final phase of reha-
bilitation, a patient should meet the following criteria:

■  Full, passive ROM of the shoulder (based on intraoperative
ranges)34,99 or pain-free, passive or assisted shoulder flexion
of at least 130° to 140° and abduction of 120°.215

■  In the plane of the scapula, at least 60° pain-free, passive
external rotation and 70° internal rotation.215
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■  Active (unassisted), antigravity elevation of the arm to
at least 100° to 120° in the plane of the scapula while
maintaining joint stability and using appropriate shoul-
der mechanics, particularly no scapula elevation during
arm elevation.215

■  4/5 strength of rotator cuff and deltoid muscles.49,99

■  rTSA patients should have documented improvements 
in function and increasing strength of the deltoid and
periscapular muscles prior to progressing to the next phase.20

Exercise: Minimum Protection/Return 
to Function Phase
The minimum protection/return to functional activity phase
usually begins around 12 to 16 weeks postoperatively (depend-
ing on rotator cuff tissue quality and function) and extends
for several more months.49,99,215 Pain-free strengthening of the
shoulder muscles for dynamic stability and functional use of
the upper extremity for progressively more demanding tasks
are the primary focuses of this phase. For optimal results, 
the home exercise program may need to be continued for 
6 months or longer, and functional and recreational activities
may need to be modified.

Goals and interventions. Goals and activities for the final
phase of rehabilitation include the following:21,23,34,49,50,98,99,215

■  Continue to improve or maintain shoulder mobility.
■ End-range self-stretching.
■ Grade III joint mobilization and self-mobilization, if 

appropriate.21,23,34,99

■  Continue to improve neuromuscular control and muscle
performance of the shoulder.
■ Pain-free, low-load, high-repetition progressive resis-

tive exercise (PRE) of shoulder musculature in anatom-
ical and diagonal planes and in patterns of movement
that replicate functional tasks throughout the available
ROM. Position the patient in a variety of gravity-resisted
positions.

■ Closed-chain, resisted shoulder exercises, gradually in-
creasing the amount of weight bearing through the
upper extremity.

■ Use of the involved upper extremity for lifting, carrying,
pushing, or pulling activities against increasing loads.

■  Return to most functional activities.
■ Use of the operated upper extremity for progressively

more advanced functional activities.
■ Recreational activities, such as swimming and golf are

possible.
■ Modification of high-demand, high-impact work-related

or recreational activities to avoid imposing excessive
forces on the GH joint that could lead to loosening or
premature wear of prosthetic implants.

NOTE: For the patient whose rotator cuff was irreparable or
continues to be significantly deficient because of a tenuous re-
pair and who has limited but pain-free shoulder ROM, modifi-
cation of the environment and use of assistive devices may be
necessary for independence in functional activities.

Outcomes 
As patient selection criteria, implant design, and surgical tech-
niques have been refined, outcomes after shoulder arthroplasty
have improved. Outcomes after TSA, rTSA, or hemiarthro-
plasty are influenced by many factors, including the type and
severity of the underlying pathology, the integrity of soft tis-
sues, the type and quality of the surgical procedure(s) per-
formed, and patient-related factors such as participation in a
postoperative rehabilitation program.29,33,215 The outcomes
most often reported are pain relief, quality of life, passive and
active shoulder ROM, and the ability to perform functional
activities.

Despite an emphasis by numerous resources that a patient’s
participation in postoperative rehabilitation is crucial for suc-
cessful outcomes, there are no studies to support this opinion,
because all patients undergoing shoulder arthroplasty are
given some form of postoperative exercise instruction. Fur-
thermore, published protocols are routinely modified to meet
the needs of individual patients making comparison of post-
operative protocols difficult.215

Pain relief. A decrease in pain is the most consistent result
of GH arthroplasty. Almost all patients—regardless of the
underlying pathology, the type of arthroplasty, or the 
design of the implants—report complete or substantial 
relief of shoulder pain and improved functional use of the
arm.33,123,124,139,141,143,152,156,188,211

The extent of pain relief has been shown to be associated
with the underlying cause(s) of GH arthritis. Neer and asso-
ciates;141 Matsen;123 and more recently, Norris and Iannotti152

reported that 90% of patients with primary OA or os-
teonecrosis had complete or near-complete pain relief after
TSA. Similar results are reported for patients with OA who
underwent hemiarthroplasty.112,124,143 Patients with RA or
other synovium-based diseases also report substantial pain
relief after TSA or hemiarthroplasty, although not quite to the
extent reported by patients with OA or osteonecrosis.33,176,202

However, in a sample of 191 patients after rTSA, Wall and 
colleagues report statistically significant improvements in
pain as measured by the Constant score regardless of patient
diagnosis.211

TSA and hemiarthroplasty have been compared to each
other for pain relief effectiveness. In one prospective study of
patients with OA, postoperative pain scores were similar for
both groups, with patients receiving a TSA demonstrating
more improvement than patients with hemiarthroplasty be-
cause of higher levels of preoperative pain.156 In another
study, patients with OA randomly assigned to either TSA or
hemiarthroplasty groups were evaluated over a 24-month 
period and both groups reported significant pain relief and
improvements in other quality-of-life parameters, with no
significant differences between the groups.112 Whether or not
TSA versus hemiarthroplasty is more effective for pain relief
in patients with RA has not been clearly established.124,202

ROM and functional use of the upper extremity. Despite
the postsurgical emphasis on improving ROM and functional
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use of the arm during rehabilitation, improvements 
in these outcomes are less predictable than pain relief,
with functional status improving more consistently than
ROM.59,124,152,156,179,188,215 In general, patients with primary
OA or osteonecrosis demonstrate greater improvement in ac-
tive flexion and rotation ROM than patients with RA, likely
because of the higher incidence of cuff deficiency associ-
ated with RA or the use of more constrained prosthetic 
designs.176,202,215 For example, in patients with OA or os-
teonecrosis, the mean active flexion changed from 105° to 161°,
while in patients with RA, means range from 75° to 105°.188,215

Significant improvement in functional status has been re-
ported in patients with OA or osteonecrosis following arthro-
plasty. Although functional improvement after arthroplasty 
has also been reported in patients with RA, many studies used
nonstandardized measurement tools, making it difficult to
compare their results with those of other studies.215 Following
rTSA, patients with primary rotator cuff arthropathy, primary
OA with rotator cuff tear, or a massive rotator cuff tear had 
better functional and clinical outcomes than patients with post-
traumatic arthritis or revision arthroplasty.211 Regardless of the
underlying pathology, resources agree that a well-functioning
rotator cuff mechanism is the basis for significant postoperative
gains in active ROM and functional abilities.33,185,215

Painful Shoulder Syndromes
(Rotator Cuff Disease 
and Tendinopathies):
Nonoperative Management

Most of the soft tissues in the suprahumeral space (see 
Fig. 17.7) can be a source of pain that limits movement and
function and interferes with sleep. Referred to for decades as
impingement syndrome, this common and multifactorial
cause of pain was originally believed to be the result of me-
chanical compression and irritation of suprahumeral
tissues.80,109,117 Recent evidence suggests that noncompres-
sive mechanisms such as tendon degenerative processes and
entrapment also cause shoulder pain. For this reason, termi-
nology such as tendinitis, tendinopathy, rotator cuff disease,
and anterior shoulder pain are sometimes used instead of
impingement syndrome. Various etiological factors for rota-
tor cuff disease have been identified, leading to the classifi-
cation systems summarized in Box 17.5.  

Related Pathologies and Etiology 
of Symptoms
The cause of rotator cuff disease is often multifactorial, in-
volving both structural and mechanical factors. The term
impingement syndrome and its recent variants has tradi-
tionally described a cluster of signs and symptoms that typ-
ically includes pain with overhead reaching, a painful arc in
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BOX 17.5 Categories of Painful Shoulder
Syndromes

Rotator cuff disease and other painful shoulder conditions
have varying etiologic factors and therefore can be
categorized in several ways.

Based on Degree or Stage of Pathology of the
Rotator Cuff (Neer’s Classification of Rotator Cuff
Disease)140

■ Stage I. Edema, hemorrhage (patient usually <25 years 
of age)

■ Stage II. Tendonitis/bursitis and fibrosis (patient 
usually 25 to 40 years of age)

■ Stage III. Bone spurs and tendon rupture (patient 
usually >40 years of age)

Based on Impaired Tissue40

■ Supraspinatus tendonitis
■ Infraspinatus tendonitis
■ Bicipital tendonitis
■ Superior glenoid labrum and/or biceps tendon instability
■ Subdeltoid (subacromial) bursitis
■ Other musculotendinous strains (specific to type of injury

or trauma)
■ Anterior—from overuse with racket sports (pectoralis

minor, subscapularis, coracobrachialis, short head of biceps
strain)

■ Inferior—from motor vehicle trauma (long head of triceps,
serratus anterior strain)

Based on Mechanical Disruption and Direction 
of Instability or Subluxation
■ Multidirectional instability from lax capsule with or without

impingement
■ Unidirectional instability (anterior, posterior, or inferior) with

or without impingement
■ Traumatic injury with tears of capsule and/or labrum
■ Insidious (atraumatic) onset from repetitive microtrauma
■ Inherent laxity

Based on Progressive Microtrauma (Jobe’s
Classification)92

■ Group 1. Pure impingement (usually in an older recreational
athlete with partial undersurface rotator cuff tear and
subacromial bursitis)

■ Group 2. Impingement associated with labral and/or
capsular injury, instability, and secondary impingement

■ Group 3. Hyperelastic soft tissues resulting in anterior 
or multidirectional instability and impingement (usually
attenuated but intact labrum, undersurface rotator cuff
tear)

■ Group 4. Anterior instability without associated impingement
(result of trauma; results in partial or complete dislocation)

Based on Degree and Frequency
■ Instability → subluxation → dislocation
■ Acute, recurrent, fixed
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the mid-range of arm elevation, and positive provocation
tests. Patients also often report waking at night with pain.
Symptoms from cuff tendinopathy are usually brought on
by excessive or repetitive overhead activities that place a high
demand on the shoulder joint. Insight into the multifactor-
ial nature of rotator cuff disease can be appreciated by a clas-
sification system that describes impingement as intrinsic or
extrinsic, with extrinsic further classified as primary, secondary,
and internal.

Additional types of musculotendinous strain in the
shoulder region can occur from overuse, such as anterior
pectoral region pain from playing racket sports, or from
trauma such as a fall, traction on the arm, or an automobile
accident.

Intrinsic Impingement: Rotator Cuff Disease
Intrinsic factors are those that compromise the structural
integrity of the musculotendinous structures and include
vascular changes in the rotator cuff tendons, tissue tension
overload, and collagen disorientation and degeneration.61,135

Intrinsic conditions typically involve the deep articular side
of the tendons and may progress to articular-side rotator
cuff tears, seen most often in those older than 40 years 
of age.77

Extrinsic Impingement: Mechanical
Compression of Tissues
Extrinsic impingement is believed to occur as a result of me-
chanical compression of the rotator cuff against the anteroin-
ferior one-third of the acromion in the suprahumeral space
during arm elevation (Fig. 17.15). Tendon compression is be-
lieved to result from anatomical or biomechanical factors that
decrease the physical dimensions of the suprahumeral space. 

acromion or humeral head, and hypertrophic degenerative
changes of the AC joint and coracoacromial ligament. Neer142

first suggested that the size and shape of the structures that
make up the coracoacromial arch are related to rotator cuff
impingement. In later studies, variations of the acromion
were identified and classified into three shapes: type I (flat),
type II (curved), and type III (hooked) (Fig. 17.16).12 Rotator
cuff pathology may be associated with types II and III—but
not type I—acromial shapes.1,133,233 Anatomical factors that
decrease the suprahumeral space often have to be managed
surgically.61,168,233 Biomechanical factors include altered orien-
tation of the clavicle or scapula during movement, or increased
anterosuperior humeral head translations as may occur with
a tight posterior GH capsule.74

Secondary extrinsic impingement. Secondary impinge-
ment describes mechanical compression of the suprahumeral
tissues due to hypermobility or instability of the GH joint
leading to increased translation of the humeral head. This 
instability may be multidirectional or unidirectional and 
can occur with compromised static (GH ligaments) and/or
dynamic restraints (rotator cuff insufficiency).

■  Multidirectional instability. Some individuals have phys-
iologically increased connective tissue extensibility, caus-
ing excessive joint mobility. In the GH joint, this increased
extensibility allows larger than normal humeral head
translations in all directions.156,181 Many individuals, par-
ticularly those involved in overhead activities, develop lax-
ity of the capsule from continually subjecting the joint to
tensile forces.61,92 A hypermobile GH joint may be sup-
ported satisfactorily by strong rotator cuff muscles; but
with muscle fatigue, poor humeral head stabilization may
lead to faulty humeral mechanics, trauma, and inflamma-
tion of the suprahumeral tissues.92,132 With multidirec-
tional instability, the mechanical impingement of tissue in
the suprahumeral space is, therefore, a secondary effect of
the increased humeral head translations.61

■  Unidirectional instability with or without impingement.
Unidirectional instability (anterior, posterior, or inferior)
may be the result of physiological laxity of the connective
tissues, but is more often the result of trauma and usually
involves rotator cuff tears. Often, there is damage to the gle-
noid labrum and tearing of some of the supporting liga-
ments associated with these traumas.

Internal extrinsic impingement. Internal impingement
is a type of extrinsic impingement that occurs in a position
of elevation, horizontal abduction, and maximum external
rotation, primarily in throwing athletes. This position and
a posterior-superior shift of the humeral head on the gle-
noid results in a mechanical entrapment of the posterior
supraspinatus tendon between the humeral head and the
labrum. Internal impingement is associated with a combi-
nation of posterior GH capsule tightness and scapula kine-
matic alterations.106,138
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FIGURE 17.15 Decrease in the suprahumeral space during repeti-
tive elevation activities leads to symptoms of impingement.

Primary extrinsic impingement. Primary extrinsic impinge-
ment can result from anatomical or biomechanical factors.
Anatomical factors include structural variations in the
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Tendonitis/Bursitis
Neer categorizes tendonitis/bursitis as a stage II impingement
syndrome (see Box 17.5).140 In contrast to tendinopathy, these
conditions are associated with active inflammatory processes
and may be localized to one or more specific tissues. The fol-
lowing sections describe specific pathological diagnoses and
typical presenting signs and symptoms.

Supraspinatus tendonitis. With supraspinatus tendonitis,
the lesion is usually near the musculotendinous junction, re-
sulting in a painful arc with overhead reaching. There is also
pain with provocation tests and pain on palpation of the ten-
don just inferior to the anterior aspect of the acromion when
the patient’s hand is placed behind the back. It is difficult to
differentiate tendonitis from subdeltoid bursitis because of
the anatomical proximity of these two structures.

Infraspinatus tendonitis. With infraspinatus tendonitis, the
lesion is usually near the musculotendinous junction, result-
ing in a painful arc during overhead, forward, or cross body
motions. It may present as a deceleration (eccentric) injury
due to overload during repetitive or forceful throwing activ-
ities. Pain occurs with palpation of the tendon just inferior to
the posterior corner of the acromion when the patient hori-
zontally adducts and externally rotates the humerus.

Bicipital tendonitis. With bicipital tendonitis, the lesion in-
volves the long tendon in the bicipital groove beneath or just
distal to the transverse humeral ligament. Swelling in the bony
groove is restrictive and compounds and perpetuates the
problem. Pain occurs with Speed’s test and on palpation of
the bicipital groove.119 Rupture or dislocation of the biceps
tendon may compromise its role as a humeral depressor dur-
ing arm elevation, promoting impingement of tissues in the
suprahumeral space.140,149

Bursitis (subdeltoid or subacromial). When acute, the symp-
toms of bursitis are the same as those seen with supraspinatus
tendonitis. Once the inflammation is reduced, there are no
symptoms with resisted motions.

Other Impaired Musculotendinous Tissues
The following are examples of other musculotendinous prob-
lems in the shoulder region:

■  The pectoralis minor, short head of the biceps, and coraco-
brachialis are subject to microtrauma, particularly in racquet
sports requiring a controlled backward, then a rapid forward
swinging of the arm. The scapular stabilizers, particularly the
retractors, are also susceptible to microtrauma as they func-
tion to control forward motion of the scapula.111

■  The long head of the triceps and scapular stabilizers may
be injured in motor vehicle accidents, as the driver holds
firmly to the steering wheel on impact.

■  Injury, overuse, or repetitive trauma can occur in any muscle
being subjected to stress.151 Pain occurs when the involved
muscle is lengthened or when contracting against resistance.
Palpating the site of the lesion causes the familiar pain.

Insidious (Atraumatic) Onset
Neer has identified rotator cuff tears as a stage III impinge-
ment syndrome, a condition that typically occurs in persons
over age 40 after repetitive microtrauma to the rotator cuff or
long head of the biceps.140 With aging, the distal portion of
the supraspinatus tendon is particularly vulnerable to im-
pingement or stress from overuse strain. With degenerative
changes, calcification and eventual tendon rupture may
occur.61,146,154 Chronic ischemia caused from tension on the
tendon and decreased healing in the elderly are possible ex-
planations, although Neer stated that, in his experience, 95%
of tears are initiated by impingement wear rather than by im-
paired circulation or trauma.140

Common Impairments of Structure
and Function
Various impairments are common in rotator cuff disease;
however, it is not known if they are the cause or an effect of
the pathology.28,114,117,157 A thorough examination of the 
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Type I Type II Type IIIA B C

FIGURE 17.16 Classifications of the acromion by shape: (A) type I (flat); (B) type II (curved); (C) type III (hooked).
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cervical spine and shoulder complex is necessary to differen-
tiate signs and symptoms related to primary and secondary
impingements or other causes of shoulder pain.19,47,119 Com-
mon impairments associated with rotator cuff disease and
painful shoulder syndromes are summarized in Box 17.6.

Impaired Posture and Muscle Imbalances
Increased thoracic kyphosis, forward head, and protracted
and forward-tilted scapula are often identified as related to
impingement syndrome. Faulty scapular alignment may be
one factor in decreasing the suprahumeral space and leading
to irritation of the rotator cuff tendons with overhead activ-
ities.114 Faulty upper quadrant posture may also lead to an
imbalance in the length and strength of the scapulothoracic
and GH musculature, decreasing the effectiveness of the dy-
namic and passive stabilizing structures of the GH joint.221

With increased thoracic kyphosis, the scapula is often pro-
tracted and tilted forward and the GH joint is internally rotated.
With this posture, the pectoralis minor, levator scapulae, and
shoulder internal rotators may become tight, and the external
rotators of the shoulder and upward rotators of the scapula
may test weak and have poor muscular endurance. When
reaching overhead, faulty scapular and humeral mechanics may
result in alterations of scapular alignment and in the muscular
control of the shoulder complex.

 FOCUS ON EVIDENCE
In a study comparing the kinematics of 26 subjects without
shoulder impairment and 26 with shoulder impingement,
Ludewig and Cook114 documented delayed upward rotation
of the scapula during the 31° to 60° range of humeral eleva-
tion, incomplete posterior tilting of the scapula, and excessive
scapular elevation in the impingement group. These motion
alterations may all contribute to decreasing the available sub-
acromial space. Decreased activation of the lower serratus 
anterior and increased activation of the upper trapezius were
also reported. Excessive scapula elevation and upper trapezius
activation were suggested as possible compensations for the
reduced posterior serratus anterior function.

A study using a three-dimensional technique to compare
shoulder complex kinematics between 12 asymptomatic and
10 symptomatic subjects reported that at 30o and 60o of
scapular plane abduction, the symptomatic subjects had 7o and 
6o more GH elevation, respectively, with less scapulothoracic
upward rotation. The authors suggest the altered mechanics
in the symptomatic group reflect compensatory mechanisms
in the shoulder complex demonstrating regional interdepend-
ence of the joints.107,108

Decreased Thoracic ROM
Thoracic extension is a component motion that is needed for
full overhead reaching. Incomplete thoracic extension may de-
crease the functional range of humeral elevation. Explanations
for this regional interdependence include decreased thoracic
spine mobility leading to faulty scapulothoracic mechanics and
altered muscle activity.73 Although increased thoracic kyphosis
has been noted to decrease shoulder elevation,24,60,96,121 direct
evidence linking thoracic mobility to shoulder motion is not
available and recent studies evaluating the effect of thoracic
spine manipulation in those with rotator cuff disease have re-
ported decreased pain without significant changes in scapula
kinematics or shoulder elevation ROM.73,137

CLINICAL TIP
Full overhead shoulder movement is more difficult when there
is increased thoracic kyphosis and forward head posture. This
relationship can be used as an educational tool with a patient to
demonstrate the importance of spinal posture. First, have your
patient reach overhead while in a slouched posture; then, have
him assume “good posture” and reach overhead again and note
the difference in ROM. Reinforce the importance of spinal pos-
ture in the management and prevention of shoulder problems.

 FOCUS ON EVIDENCE
A study comparing the effects of thoracic manipulation on
scapular mechanics and pain in 47 asymptomatic and50 symp -
tomatic subjects with shoulder impingement symptoms
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BOX 17.6 Summary of Common Impairments
With Rotator Cuff Disease and
Tendinopathies

All, some, or none of the following may be present:

■ Pain at the musculotendinous junction of the involved
muscle with palpation, with resisted muscle contraction,
and when stretched

■ Positive impingement sign (forced internal rotation at 
90° of flexion) and painful arc near 90° arm elevation

■ Impaired posture: thoracic kyphosis, forward head, and
forward (anterior) tipped scapula with decreased thoracic
mobility

■ Muscle imbalances: hypomobile pectoralis major and
minor, levator scapulae, and internal GH joint rotators;
weak serratus anterior and external GH joint rotators

■ Hypomobile posterior GH joint capsule
■ Hypomobile cervical and/or thoracic spine mobility,

especially with secondary impingement
■ Faulty kinematics during humeral elevation: decreased

posterior tipping of scapula related to weak serratus
anterior; scapular elevation and overuse of upper trapezius;
and altered scapulohumeral rhythm during elevation or
lowering of arm

■ With a complete rotator cuff tear, inability to abduct the
humerus against gravity

■ When acute, pain referred to the C5 and C6 reference
zones
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demonstrated an immediate decrease in pain and a small
change in scapular mechanics in the symptomatic group rel-
ative to the asymptomatic group and those receiving a sham
treatment.73

Rotator Cuff Overuse and Fatigue
If the rotator cuff musculature or long head of the biceps
fatigue from overuse, they no longer provide the dynamic
stabilizing, compressive, and translational forces that
support the joint and control healthy joint mechanics.
Fatigue is thought to be a precipitating factor in secondary 
impingement syndromes when capsular laxity is present
and increased muscular effort is necessary for stability.158

Without this dynamic stability, the tissues in the subacro-
mial space may become impinged as a result of faulty joint
mechanics. There is also a relationship between muscle 
fatigue and joint position sense in the shoulder that may
play a role in impaired performance in repetitive overhead
activities.30

Muscle Weakness Secondary to Neuropathy
Muscle weakness may be related to compromised nerve func-
tion. Long thoracic nerve palsy has been associated with faulty
scapular mechanics due to serratus anterior muscle weakness,
a movement dysfunction that may lead to rotator cuff impinge-
ment in the suprahumeral region.181

Hypomobile Posterior GH Joint Capsule
Loss of extensibility in the posterior GH joint capsule may
negatively alter humeral head translations. Increased supe-
rior translations during arm elevation are reported in stud-
ies that have experimentally tightened the posterior capsule,
an effect that would decrease the available suprahumeral
space.74

Common Activity Limitations 
and Participation Restrictions 
■  In the acute stages, pain may interfere with sleep, particu-

larly when rolling onto the involved shoulder.
■  Pain with overhead reaching, pushing, or pulling.
■  Difficulty lifting heavy loads.
■  Inability to sustain repetitive shoulder activities (such as

reaching, lifting, throwing, pushing, pulling, or swinging
the arm).

■  Difficulty with dressing, particularly putting a shirt on over
the head.

Management: Painful Shoulder
Syndromes
NOTE: Even though symptoms may be “chronic” in terms of long
standing or recurring, the initial treatment priority is to control 
inflammation if present.

 FOCUS ON EVIDENCE
A review of seven research articles that reported outcomes of
conservative physical therapy interventions for full thickness
rotator cuff tears found that the most successful treatment
approaches were those that respected the stage of tissue heal-
ing and irritability of symptoms and progressed the program
based on patient response (acute stage, subacute stage and
reintegration to regular activities).88

Management: Protection Phase

Control Inflammation and Promote Healing
■  Modalities and low-intensity cross-fiber massage are ap-

plied to the site of the lesion. While applying the modalities,
position the extremity to maximally expose the involved
region.41,45

■  If necessary to rest the part, temporarily support the arm
in a sling.

Patient Education
The environment and habits that provoke the symptoms must
be modified or avoided completely during this stage. The pa-
tient should be informed about the mechanics of the irrita-
tion and the anticipated recovery, and be given guidelines
regarding safe exercises at this stage of healing.

Maintain Integrity and Mobility 
of the Soft Tissues
■  Passive, active-assistive, or self-assisted ROM is initiated in

pain-free ranges.
■  Multiple-angle muscle setting and protected stabilization

exercises are initiated. When exercising the shoulder, it is
particularly important to stimulate the stabilizing function
of the rotator cuff, biceps brachii, and scapular muscles at
an intensity tolerated by the patient.

PRECAUTION: Exercises during this stage must avoid the 
impingement positions. Often, the midrange of abduction, with
internal rotation, or an end-range position when the involved
muscle is on a stretch (such as putting the hand behind the
back) provokes a painful response.

Control Pain and Maintain Joint Integrity
Pendulum exercises without weights can be used to cause
pain-inhibiting grade II joint distraction and oscillation 
motions (see Fig. 17.22 in the section on exercise).

Develop Support in Related Regions
■  Postural awareness and correction techniques are used. (See

related information in the Interventions for Impaired 
Posture section in Chapter 14.)

■  Supportive techniques, such as shoulder strapping or
scapular taping, tactile cues, and mirrors, can be used for
reinforcement. Repetitive reminders and practice of correct
posture are necessary throughout the day.
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 FOCUS ON EVIDENCE
In a randomized placebo-controlled, crossover study109 of 
120 subjects (60 with impingement and 60 asymptomatic),
postural correction with tape resulted in a significant increase
in pain-free shoulder flexion and scapular plane elevation for
both groups of subjects. Thoracic and scapular taping for 
posture correction also resulted in less forward head posture,
reduced thoracic kyphosis, less lateral scapular displacement,
and a less elevated and forward scapula position in both
groups when compared to the effects of placebo taping.

Management: Controlled Motion Phase
After the acute symptoms are managed, the emphasis shifts
to progressive movements within safe limits and using proper
mechanics while the tissues heal. Individual components of
desired functional movements are initiated in a controlled 
exercise program.44,45,190,217,218,223 If there is functional laxity
in the joint, the intervention is directed toward developing
neuromuscular control and strength of both the scapula and
GH joint stabilizers.95,180,201 If there is restricted mobility that
prevents normal mechanics or interferes with function, 
mobilization of the restricted tissue is initiated. Specific 
exercise techniques and progressions are described later in the
chapter.

Patient Education
Patient adherence to the program and protection of healing
tissues are necessary in this stage. The home exercise program
is progressed as the patient learns safe and effective execution
of each exercise. Continue to reinforce proper postural habits.

Develop Strong, Mobile Tissues
■  Manual therapy techniques, such as cross-fiber or friction

massage, can be used. The extremity is positioned so the
tissue is on a stretch if it is a tendon or in the shortened po-
sition if it is in the muscle belly. The technique is applied
using forces and durations that are to the tolerance of the
patient.

■  Following these manual techniques, the patient is in-
structed to perform an isometric contraction of the muscle
in several positions of their available range. The intensity
of contraction should not cause pain.

■  The patient should be taught how to self-administer the
massage and isometric techniques.

Modify Joint Tracking and Mobility
MWM may be useful to modify joint tracking and reinforce
full movement when there is restriction of shoulder elevation
because of a painful arc or impingement.136 (See Chapter 5
for a description of principles.)

■  Posterolateral glide with active elevation (Fig. 17.17 A)
■ Patient position: Sitting with the arm by the side and

head in neutral retraction.
■ Therapist position and procedure: Stand on the side op-

posite the affected arm and reach across the patient’s

torso to stabilize the scapula with the palm of one hand.
The other hand is placed over the anteromedial aspect
of the head of the humerus. Apply a graded posterolat-
eral glide of the humeral head on the glenoid. Request
that the patient perform the previously painful elevation.
Maintain the posterolateral glide mobilization through-
out both elevation and return to neutral. Ensure that no
pain is experienced during the procedure. Adjust the
grade and direction of the glide as needed to achieve
pain-free function. Add resistance in the form of elastic
resistance or a cuff weight to load the muscle.

■  Self-Treatment. A mobilization belt provides the posterolat-
eral glide while the patient actively elevates the affected limb
against progressive resistance to end-range (Fig. 17.17 B). 

Develop Balance in Length and Strength 
of Shoulder Girdle Muscles
It is important to design a program that specifically addresses
the patient’s impairments. Typical interventions in the shoul-
der girdle include but are not limited to:

■  Stretch shortened muscles. Shortened muscles typically in-
clude the pectoralis major, pectoralis minor, latissimus
dorsi, teres major, subscapularis, and levator scapulae.

■  Strengthen and train the scapulothoracic muscles. Important
scapular muscles typically include the serratus anterior and
lower trapezius for posterior tilting and upward rotation
of the scapula and the middle trapezius and rhomboids for
scapular retraction. Because it is important that the patient
avoid scapular elevation when raising the arm, emphasize
maintaining scapular depression when abducting and flex-
ing the humerus.

■  Strengthen and train the rotator cuff muscles. Place emphasis
on the shoulder external rotators.
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A B

FIGURE 17.17 MWM to modify GH joint tracking and improve 
active elevation. A posterolateral glide is applied to the humeral 
head (A) manually or (B) with a belt for self-treatment, while the 
patient actively elevates the humerus. A weight is used to 
strengthen the muscles through the pain-free range.
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Develop Muscular Stabilization and Endurance
■  Alternating isometric resistance is applied to the scapular

muscles in open-chain positions (side-lying, sitting, supine),
including protraction/retraction, elevation/depression, and
upward/downward rotation so the patient learns to stabilize
the scapula against externally applied forces (see Fig. 17.37
in the exercise section).

■  Scapular and GH patterns are combined using flexion, ab-
duction, and rotation. Alternating isometric resistance is
applied to the humerus while the patient holds against the
changing directions of the external resistance force (see
Figs. 17.38, 17.39, and 17.42 in the exercise section).

■  Closed-chain stabilization is performed with the patient’s
hands fixated against a wall, a table, or the floor (quadruped
position) while the therapist provides graded, alternating
isometric resistance or rhythmic stabilization. If abnormal
scapular winging occurs during the applied resistance, the
scapular stabilizers are not strong enough for the demand
and the position should be modified to reduce the challenge
(see Fig. 17.43 in the exercise section). This can be accom-
plished by changing the patient’s body position relative to
gravity or modifying joint angles.

■  Muscular endurance is progressed by increasing the amount
of time the individual holds the pattern against the alter-
nating resistance. The limit is reached when any one of the
muscles in the pattern can no longer maintain the desired
hold. The goal at this phase should be stabilization for 
approximately 3 minutes.

Progress Shoulder Function
As the patient develops strength in the weakened muscles, it
becomes important to develop a balance in strength of all
shoulder and scapular muscles within the range and toler-
ance of each muscle. To increase coordination between
scapular and arm motions, dynamically load the upper ex-
tremity with submaximal resistance as the patient maintains
the synergy pattern. To improve muscular endurance, in-
crease the length of time the patient controls the correct 
pattern up to 3 minutes.

Management: Return to Function Phase
Specificity of training toward the desired functional outcomes
begins as soon as the patient has developed control of posture
and can perform the basic components of their desired activ-
ities without exacerbating the symptoms. While working with
the patient, continue to teach him or her how to progress the
program and prevent recurrences after discharged from ther-
apy. Suggestions are summarized in Box 17.7.

Increase Muscular Endurance
To increase muscular endurance, repetitive loading of the 
defined patterns is increased from 3 minutes to 5 minutes.

Develop Quick Motor Responses to Imposed
Stresses
■  Apply the stabilization exercises with increased speed with

shorter durations and faster transitions between the 
applied forces.

■  Plyometric training in both open-chain and closed-chain
patterns is initiated if power is a desired outcome (refer to
Chapter 23).

Progress Functional Training
Specificity of training progresses to an emphasis on timing
and sequencing of events.

■  Eccentric training is progressed to maximum load.
■  Desired functional activities are simulated—first under

controlled conditions, then under progressively challenging
conditions using acceleration/deceleration drills.

■  The patient is involved in assessing performance in terms
of safety, symptom provocation, postural control, and ease
of execution and then practices adaptations to correct any
identified problems.

Painful Shoulder Syndromes:
Surgery and Postoperative
Management

Surgical intervention is an option for painful shoulder syn-
dromes when conservative management does not resolve symp-
toms or improve function. For an individual with primary
impingement as a result of structural variations in the acromion
(see descriptions and Fig. 17.16 in the previous section), sub-
acromial decompression may be performed. An individual with
a partial- or full-thickness rotator cuff tear may require surgical
repair of the tissue.

Subacromial Decompression 
and Postoperative Management
When pain and loss of functional mobility associated with
primary impingement/rotator cuff disease do not resolve
sufficiently with nonoperative management, subacromial 

CHAPTER 17 The Shoulder and Shoulder Girdle 573

BOX 17.7 Patient Instructions to Prevent
Recurrences of Shoulder Pain

■ Prior to exercise or work, massage the involved tendon or
muscle; follow with isometric resistance and then with full
ROM and stretching of the muscle.

■ Take breaks from activities that are repetitive in nature. If
possible, alternate the stressful, provoking activity with
other activities or patterns of motion.

■ Maintain good postural alignment; adapt seating or
workstation to minimize stress. If sport related, seek
coaching in proper techniques or adapt equipment for 
safe mechanics.

■ Prior to initiating a new activity or returning to an activity
for which not conditioned, begin a strengthening and
training program.
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decompression is often warranted. This procedure is designed
to restore or increase the volume of the subacromial space and
provide adequate gliding room for the cuff tendons. Subacro-
mial decompression also is referred to as anterior acromioplasty
or decompression acromioplasty. Acromioplasty, which alters
the shape of the acromion, is typically, but not always, one
component of subacromial decompression.126

Indications for Surgery
The following are generally accepted indications for surgi-
cal management of impingement syndromes/rotator cuff
disease.1,56,76,81,126,142,146,168,210

■  Pain during overhead activities and loss of functional mo-
bility of the shoulder as the result of primary impingement
that persists (typically for 3 to 6 months or longer) despite
a trial of nonoperative interventions.

■  Stage II (Neer classification; see Box 17.5) impingement
with nonreversible fibrosis or bony alterations of the sub-
acromial compartment, calcific deposits in the cuff ten-
dons, and symptomatic subacromial crepitus.

■  Intact or minor tear of the rotator cuff.

NOTE: Patients who present with GH joint hypermobility or in-
stability associated with a partial- or full-thickness tear of the
rotator cuff are not candidates for surgical subacromial decom-
pression alone. For these patients, subacromial decompression
is combined with concomitant repair of the cuff tear; otherwise,
the procedures inherent in subacromial decompression can
worsen GH instability.76,126,210

Procedures

Surgical approach. Subacromial decompression is performed
using an arthroscopic or open approach. Although an open ap-
proach has been used successfully for many years,81,139,142,168

the preferred procedure today is an arthroscopic approach.56,210

Unlike a traditional open approach, in which the proximal at-
tachment of the deltoid must be detached and then repaired
prior to closure,142 the deltoid remains intact during an arthro-
scopic approach, which enables the patient to regain functional
use of the upper extremity more rapidly after surgery. For the
most part, the traditional open approach for subacromial de-
compression is now reserved for patients with a massive rotator
cuff tear who are also undergoing an open repair. Another 
option preferred by some surgeons is a “mini-open” approach,
which involves splitting the deltoid insertion vertically rather
than detaching it.126

Component procedures. There are several surgical proce-
dures that can be performed for subacromial decompression
depending on the pathology observed during examination of
the shoulder prior to or during surgery.1,56,71,76,126,153,210

■  Removal of the subacromial bursa (bursectomy), which is
typically thickened (enlarged) by chronic inflammation

■  Release of the coracoacromial ligament, which is usually
hypertrophied and may also be frayed, followed by com-
plete or partial resection or recession

■  Resection of the anterior acromial protuberance and con-
touring the undersurface of the remaining portion of the
acromion (acromioplasty) to enlarge the subacromial space
(Fig. 17.18)

■  Removal of osteophytes at the AC joint and in some cases
resection of the distal portion of the clavicle for advanced
AC joint arthritis
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FIGURE 17.18 Arthroscopic acromioplasty showing the line of 
resection of the anterior acromion.

Postoperative Management
The type of surgical approach used and the integrity of the
rotator cuff significantly affect rehabilitation decisions after
subacromial decompression. If the rotator cuff is intact pre-
operatively, rehabilitation after arthroscopic decompression
progresses quite rapidly because the shoulder musculature is
not damaged during the procedure. In contrast, if repair of a
rotator cuff tear is required in addition to decompression, or
a mini-open or open approach is used, rehabilitation pro-
gresses at a slower rate to allow the repaired shoulder muscu-
lature adequate time to heal.

NOTE: The guidelines outlined in this section are for postoper-
ative rehabilitation after arthroscopic subacromial decompres-
sion for a patient with primary shoulder impingement who has
an intact rotator cuff. If subacromial decompression is com-
bined with repair of the rotator cuff, the guidelines presented
in a later section of this chapter on rehabilitation after rotator
cuff repair are appropriate.

Immobilization
Following surgery the shoulder is immobilized and supported
in a sling with the arm positioned at the patient’s side or in
slight abduction and internal rotation, with the elbow flexed
to 90°. The sling is worn for comfort for 1 to 2 weeks but is
removed for exercise the day after surgery.126,210,219

Exercise Progression
Exercises after subacromial decompression focus on many of
the impairments noted for rotator cuff impingement dis-
cussed previously in this chapter. This information merits 
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review to understand why specific exercises are included in
the postoperative rehabilitation program. Because arthro-
scopic decompression is often performed on an outpatient
basis, a patient may need to initially exercise at home with lit-
tle supervision and then follow up with a series of outpatient
therapy visits. 

Exercise: Maximum Protection Phase
The first phase of rehabilitation after arthroscopic decom-
pression begins on the day after surgery and extends for 3 to
4 weeks. Emphasis is placed on pain control and immediate
but comfortable assisted movement of the shoulder to prevent
movement restrictions as soft tissues are healing. Attaining
full or nearly full passive ROM of the involved shoulder is a
reasonable goal by 4 to 6 weeks postoperatively.76

Patient education begins immediately and is directed toward
helping the patient recognize and avoid postures that contribute
to symptoms during exercise and ADL. Active (unassisted)
shoulder ROM is permissible as soon as motions are pain-free
and proper scapulothoracic and GH control can be maintained.
This may be possible as early as 2 weeks postsurgery.

Goals and interventions. The following goals and exercises
are indicated for the early stage of tissue healing:1,2,34,76,126,219

■  Control pain and inflammation.
■ Use a sling when the arm is dependent.
■ Use cryotherapy and prescribed anti-inflammatory

medication.
■ Shoulder relaxation exercises.

■  Prevent loss of mobility of adjacent regions.
■ Active ROM of the cervical spine, elbow, wrist, and hand.

■  Develop postural awareness and control.
■ Posture training, emphasizing cervical retraction, tho-

racic extension, scapula retraction, and a neutral lumbo-
pelvic complex.

■  Restore pain-free shoulder mobility.
■ Assisted shoulder ROM within pain tolerance, initially

guiding the involved arm with the sound upper extrem-
ity and later with a cane or wand. Start in the supine po-
sition to stabilize the scapula against the thorax and
place the upper arm on a folded towel in slight abduc-
tion and flexion. Shoulder motions include elevating the
arm in the plane of the scapula, forward flexion, abduc-
tion, rotation, and horizontal abduction and adduction.
Progress to performing exercises in a semi-reclining po-
sition and then in a seated or standing position while
maintaining thoracic extension.

■ Assisted shoulder extension in a standing position with
a wand held behind the back.

■ Stretching the posterior shoulder structures in pain-free
range using a cross-chest stretch into horizontal adduc-
tion. Postpone until next phase if painful.

■ Active ROM (unassisted) of the shoulder and scapula
within pain-free ranges, maintaining proper scapulotho-
racic and GH control; begin supine and progress to sit-
ting. Active shoulder motions may be possible by 2 weeks
postoperatively.

■  Prevent reflex inhibition and disuse atrophy of shoulder
girdle musculature.
■ Pain-free, low-intensity, multiple-angle isometrics of GH

musculature with the arm supported and emphasis on
the rotator cuff against minimal resistance. Begin sub-
maximal isometrics a week or so postoperatively. Lightly
resist with the uninvolved upper extremity. Focus on in-
creasing repetitions more than resistance.114,181

■ Submaximal alternating isometric and rhythmic stabi-
lization exercises for scapulothoracic muscles with the
involved arm supported by the therapist. Target the
scapular retractors and upward rotators.

Criteria to progress. Criteria to advance to the second phase
include:34,76,98,126,219

■  Minimal discomfort when the shoulder is unsupported; arm
swing during ambulation is comparable to opposite arm.

■  Almost full, pain-free, passive ROM of the shoulder (full
mobility of the scapula; at least 150° of arm elevation; full
internal/external rotation).

■  In the supine position, pain-free active elevation of the arm
well above the level of the shoulder.

■  Pain-free, active external rotation of the shoulder to about 45°.
■  At least fair (3/5) and preferably good (4/5) muscle testing

grade of shoulder musculature.

Exercise: Moderate Protection Phase
Exercises during the second phase of rehabilitation are 
focused on attaining full, pain-free shoulder ROM and im-
proving neuromuscular control and muscle performance of
the rotator cuff, scapular stabilizers, and prime movers. The
patient may be ready to begin this phase of rehabilitation as
early as 3 to 4 weeks postoperatively but more often by 4 to 
6 weeks. This phase extends over a 4- to 6-week period or until
the patient meets the criteria to progress to the next phase.

Goals and interventions. The goals, exercises, and activities
during the second phase of rehabilitation are:34,76,98,219

■  Restore and maintain full, pain-free passive mobility of
the shoulder girdle and upper trunk.
■ Joint mobilization emphasizing posterior and caudal

glides of the humerus and scapulothoracic mobility.
■ Low-intensity self-stretching of muscles that could re-

strict sufficient upward rotation of the scapula and ro-
tation of the humerus, specifically the levator scapulae,
rhomboids, subscapularis, latissimus dorsi, teres major,
and pectoralis major and minor. Recall that tightness of
these muscles may contribute to subacromial impinge-
ment during overhead movements of the arm.

■ Self-stretching of the posterior shoulder muscles and
posterior capsule of the GH joint, as these structures
may be tight in the presence of shoulder impingement.

■ Self-stretch the upper trunk and thoracic extension by
lying supine on a rolled towel placed vertically between
the scapulae.

■ Perform exercises and functional movement patterns
into the acquired ROM.
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■  Reinforce posture awareness and control.
■ Continue to emphasize cervical, thoracic, and lumbo-

pelvic alignment during exercises and function.
■  Develop dynamic stability, strength, endurance, and con-

trol of scapulothoracic and GH muscles.
■ Stabilization exercises against increasing resistance and

in weight-bearing positions. Emphasize isolated strength-
ening of the serratus anterior and trapezius muscles.

■ Upper extremity ergometry for muscular endurance. To
avoid an impingement arc, initiate in a standing position
rather than while seated.

■ Dynamic strengthening exercises of isolated shoulder
muscles against low-loads (1- to 5-lb weight or light-
grade elastic tubing), gradually increasing repetitions.
Begin resisted elevation of the arm in the supine position
to stabilize the scapula against the thorax; progress to 
sitting or standing.

■ Use the involved arm for functional activities that 
involve light resistance.

CLINICAL TIP
Target the upward rotators of the scapulothoracic joint (serra-
tus anterior, upper and lower trapezius) and the rotator cuff
muscles184 as well as the latissimus dorsi, teres major, and biceps
brachii, which act as humeral head depressors and therefore
oppose superior translation during active elevation of the arm.
Initially, perform resisted motions of the humerus below the
level of the shoulder; later, progress to overhead exercises if 
motions remain pain free.

PRECAUTION: Be certain the patient can perform active
shoulder flexion and abduction against gravity without elevating
the scapula before progressing to resisted exercises above
shoulder level.

Criteria to progress. The criteria to progress to the final
phase of rehabilitation are:34,98,219

■  Negative provocation tests.
■  Full, pain-free, active ROM of the shoulder without 

evidence of substitute motions.
■  At least 75% strength of the shoulder musculature compared

with the sound shoulder.219

Exercise: Minimum Protection/Return 
to Function Phase
The final phase of rehabilitation usually begins 8 weeks
postoperatively when soft tissues are reasonably well healed
and require little to no protection. Exercises continue until
about 12 to 16 weeks postoperatively or until the patient
has returned to full activity. Exercises are directed toward
improving strength and endurance of the shoulder girdle
muscles using isolated movements and those that simulate
functional activities. Patients often see continued improvement

in functional use of the operated upper extremity for 6 months
postoperatively.2

The time necessary for full recovery and unrestricted ac-
tivities depends largely on the level of demand of the patient’s
anticipated activities. A patient wishing to return to compet-
itive sports requires a more demanding progression of ad-
vanced exercises (e.g., plyometric training and sport-specific
drills) than a sedentary individual.34,219,222

Goals and interventions. The goals, exercises, and activities
during the final phase of rehabilitation after subacromial de-
compression are similar to the final phase of nonoperative
management of primary impingement syndrome. Refer to the
information presented in the previous section of this chapter
as well as other resources.34,45,217,219,222

Outcomes 
There appears to be no significant difference in the long-term
results (pain-free ROM and return to desired functional ac-
tivities) after either open or arthroscopic surgery for primary
impingement syndrome with or without associated rotator
cuff disease.56,126,210 Based on the results of numerous out-
come studies of open and arthroscopic procedures, 85% to
95% of patients report good to excellent results 1.0 to 2.5 years
postoperatively.1,76,126,210 In general, patients reporting the
least satisfaction with their function after surgery are those
who participate in high-demand athletic activities that involve
overhead throwing and those with work-related injuries who
are receiving workers’ compensation.126

Several studies have documented advantages of an arthro-
scopic procedure rather than open surgical management of
rotator cuff disease. Advantages include less postoperative
pain, earlier restoration of full ROM and strength, earlier re-
turn to work (often as early as 1 week postoperatively), lower
cost (shorter hospital stay or outpatient surgery), and a more
favorable cosmetic result.1,76,126,210

Although exercises are routinely prescribed after subacro-
mial decompression, the effectiveness of exercise has been
the focus of very few studies. One prospective, randomized
study compared the effectiveness of a 6-week therapist-su-
pervised exercise program to a self-managed program after
arthroscopic subacromial decompression.2 Patients in the
therapist-supervised group received exercise instruction
while in the hospital and then for a 1-hour therapy session
once a week for 6 weeks after discharge. Patients in the self-
managed group received exercise instruction on one occa-
sion prior to discharge from the hospital. Both groups received
written instructions. At 6 weeks and at 3, 6, and 12 months,
there were no significant differences in outcomes between
the two groups with the exception of one variable. At 3 months
postoperatively, the therapist-supervised group had a higher
level of pain than the self-managed group. The authors con-
cluded that initial, therapist-directed exercise instruction
followed by a home-based, self-managed exercise program
achieved rehabilitation goals as effectively as a therapist-
supervised program.
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Rotator Cuff Repair and Postoperative
Management
Rotator cuff tears are broadly categorized as either partial-
thickness or full-thickness tears. Either type may require sur-
gical management. A partial-thickness tear extends inferiorly
or superiorly through only a portion of the tendon from either
the acromial (bursal) or humeral (articular) surface of the ten-
don. A full-thickness tear is a complete tear, extending between
the superior and inferior surfaces of the tendon.76,83,126 Both
types of tears can be oriented either parallel to or perpendi-
cular to the primary orientation of the tendon fibers.

Indications for Surgery
The primary indications for surgical management of a rotator
cuff tear confirmed by imaging are pain and impaired func-
tion as the result of the following:5,76,83,126,159,210,231

■  Partial-thickness or full-thickness tears of the rotator cuff
tendons with irreversible, degenerative changes in soft tis-
sues. Some patients with Neer stage II lesions and most
with Neer stage III lesions who continue to be symptomatic
and have functional limitations after a trial of nonoperative
treatment are candidates for surgery.

■  Acute, traumatic rupture of the rotator cuff tendons that
may be combined with avulsion of the greater tuberosity,
labral damage, or acute dislocation of the GH joint in 
individuals with no known history of prior cuff injury.
Full-thickness, traumatic tears occur most often in young,
active adults.

NOTE: Surgical repair is not indicated in patients who are
asymptomatic despite the presence of a cuff tear confirmed by
imaging.

Procedures
There are several operative options for repairing a torn rota-
tor cuff, including arthroscopic, open, and mini-open re-
pairs.64,76,78,126,210 The decision about which procedure to
choose depends on the severity and location of the tear, the
number of tendons involved, the extent of associated lesions,
the type of onset (repetitive microtrauma or traumatic in-
jury), the quality and mobility of the torn tissues, bone qual-
ity, patient-related considerations (age, health, activity level),
and the surgeon’s preference and training.

Type of Repair
The type of cuff repair is typically classified by the surgical
approach and techniques used. There are three categories of
repair:5,62,63,64,76,126,191,210,231

■  Arthroscopic approach. The entire procedure is performed
arthroscopically and requires only a few small skin inci-
sions for inserting surgical instruments.

■  Mini-open (arthroscopically assisted) approach. There are
two variations of this type of procedure, both of which in-
volve arthroscopic subacromial decompression and a deltoid-
splitting approach. In one variation, only the subacromial

decompression is performed arthroscopically, whereas in the
other variation a portion of the cuff repair itself is also per-
formed arthroscopically.231 In both cases, an anterolateral
incision is made at the acromion and is extended distally 
(either 1.5 or 3.5 cm but no more than 4 cm to avoid the 
axillary nerve) along the fiber orientation of the deltoid. The
deltoid is split longitudinally between its anterior and middle
portions to allow visualization of the cuff tear without de-
taching the deltoid from its proximal insertion.58,64,126,159,199

■  Traditional open approach. An anterolateral incision is made
that extends obliquely from the middle one-third of the in-
ferior aspect of the clavicle, across the coracoid process, and
to the anterior aspect of the proximal humerus. The proximal
insertion of the deltoid must be detached and reflected for
exposure of the operative field during an open subacromial
decompression and cuff repair. After the cuff repair is com-
plete, the deltoid is reattached to the acromion.64,83,126 As
arthroscopic and arthroscopically assisted repair techniques
have advanced, the use of this traditional open approach has
decreased.

Components of a Rotator Cuff Repair
Regardless of the approach, subacromial decompression is
performed (particularly for cuff tears associated with chronic
impingement) before repair of the cuff is undertaken. After
the tear is visualized, the margins of the torn tendon are
débrided and released from any adherent soft tissues. The cuff
tendon is then mobilized for advancement and apposition 
to bone that has been prepared for sutures and attached by
tendon-to-bone fixation. Depending on whether an arthro-
scopic or mini-open approach is used, fixation is accomplished
by sutures and suture anchors, tacks, or staples.58,62,76,126,198,210

In addition to subacromial decompression, other con-
comitant procedures may be required during the procedure.
For example, capsular tightening or labral reconstruction may
be performed if unidirectional or multidirectional instability
of the GH joint is present. Because degenerative changes in
the tendon of the long head of the biceps brachii are often
“associated with chronic rotator cuff disease, a repair of this
tendon also may be necessary.

Selection of Surgical Procedures
The surgeon weighs many factors when determining which
type of procedure is most appropriate for each patient. One
such consideration is the severity of the tear, including thick-
ness (partial or full), size, and number of tendons torn. Al-
though there is some variability in the literature, there are four
generally accepted categories that describe the longitudinal size
of rotator cuff tears: small (1 cm or less), medium (1 to 3 cm),
large (3 to 5 cm), and massive (more than 5 cm or a full-thickness
tear of more than one tendon).5,58,76,212

A small, partial-thickness cuff tear is usually managed sur-
gically with a fully arthroscopic approach to débride the
frayed margins of the torn tendon and includes a subacromial
decompression. The torn portion of the tendon may or may
not be repaired.5,76,126,191,198,210
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Historically, small and medium full-thickness cuff tears
only were managed with a fully arthroscopic approach.63,76,126

With the advancement of arthroscopic techniques, however,
an increasing percentage of large, full-thickness tears and
some massive tears are now also managed with a fully arthro-
scopic approach.210,231 Despite these surgical advances, vari-
ations of the mini-open (deltoid splitting) approach often
remain the surgeon’s choice for repair of medium and large
tears.58,126,199 Even some massive tears are managed with 
a deltoid-splitting approach.126,212 The traditional open ap-
proach, requiring detachment and repair of the deltoid, is
now primarily reserved for repairs of multiple tendon tears
associated with extensive injury to the shoulder.58,126

The location of the cuff tear, amount of retraction and mo-
bility of a full-thickness tear, and the quality of the remaining
tendon and underlying bone also influence the surgeon’s selec-
tion of the procedure expected to be most effective.76,126,198,210

Whereas small, medium, and large tears of the supraspinatus
or infraspinatus are routinely managed with arthroscopic or
mini-open approaches, tears of the subscapularis are often
managed with a traditional open approach.58 Also, with poor
tissue quality or significant retraction and limited mobility 
of the torn tendon, many surgeons believe that a stronger 
repair can be achieved with an open procedure instead of an
arthroscopic repair.76

Postoperative Management
After surgical repair of a torn rotator cuff tendon, many factors
influence decisions about the position and duration of immo-
bilization, the selection and application of exercises, and the
rate of progression of each patient’s rehabilitation program.
These factors and their potential impact are summarized in
Table 17.3. These factors also will affect postoperative progno-
sis and outcomes.
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TABLE 17.3 Factors That Influence Progression of Rehabilitation After Repair of the Rotator Cuff

Factors Potential Impact on Rehabilitation

■ Onset of injury

■ Size and location of the tear

■ Associated pathologies such as GH instability or 
fracture

■ Preoperative strength and mobility of the shoulder

■ Patient’s general health

■ History of steroid injections or previous, failed 
cuff surgery

■ Pre-injury level of activity or postoperative goals

■ Age of patient

■ Type of surgical approach

■ Type of repair

■ Mobility (no excessive tension on the repaired 
tendon when arm at side) and integrity of the repair

■ Patient’s compliance with the program

■ Philosophy, skill, and training of the surgeon

■ Chronic impingement and atraumatic cuff deficiency →
slower progression than after acute traumatic injury

■ Larger tears with more tendons involved → slower
progression

■ More involved surgeries and potential for longer period of
immobilization → slower progression of exercises or the need
for additional precautions

■ Preexisting weakness and atrophy of the dynamic stabilizers
or limited passive and active mobility of the shoulder →
slower postoperative progression

■ Patient in poor health; history of smoking; history of
inflammatory disease → slower progression

■ Compromised bone and tendon tissue quality, which affects
the security of the repair (fixation) → slower progression

■ Higher level activities increase risk of re-injury → a more
extended and advanced postoperative training program

■ Older patient → slower progression more likely

■ Traditional open approach (with deltoid detachment and
repair) → slightly slower progression than after an
arthroscopic or arthroscopically assisted (mini-open/deltoid
splitting) repair

■ Tendon to tendon → slower progression than tendon to bone

■ If mobility is inadequate → longer duration of exercise within
a protected ROM during early rehabilitation

■ Lack of compliance (doing too much or too little) can affect
outcome

■ All may have an impact that could → either slower or more
accelerated progression
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There is little consensus in the literature or in clinical prac-
tice as to how and to what extent each of these factors, singu-
larly or collectively, impacts the decisions made by the surgeon
and the therapist about a patient’s postoperative rehabilitation
program. Hence, predetermined guidelines and protocols for
postoperative management after rotator cuff repair are diverse
and sometimes contradictory.5,34,53,55,58,64,76,126,208 For example,
some authors suggest that if deltoid detachment and repair are
components of the surgery deltoid strengthening exercises
should be postponed for approximately 6 to 8 weeks postop-
eratively until the repaired deltoid has healed.34,55,126 In con-
trast, another author suggests that rehabilitation should
proceed similarly regardless of whether deltoid detachment was
required so long as secure fixation of the deltoid was achieved.74

Given the diverse characteristics of patients undergoing
rotator cuff repair and the variety of surgical options avail-
able, it is not surprising that no single postoperative program
can be used for all patients or yields better outcomes than
other programs. Therefore, to meet each patient’s needs and
goals, a therapist can use published protocols or those devel-
oped at individual clinical facilities as general guidelines for
postoperative management. Modifications to protocols and
guidelines should be made based on ongoing examination of
the patient’s response to interventions and through commu-
nication with the surgeon.

Despite variations among postoperative programs, they
share three common elements: (1) immediate or early post-
operative motion of the GH joint; (2) control of the rotator
cuff for dynamic stability; and (3) gradual restoration of
strength and muscular endurance. This section will present
general exercise guidelines that incorporate these elements
into the phases of rehabilitation after arthroscopic or mini-
open repair of a full-thickness cuff tear. Potential modifica-
tions and precautions due to a traditional open procedure or
on factors such as size, location of the tear, and the quality of
the repair will be noted.

NOTE: The goals, exercise interventions, and progression of re-
habilitation after débridement rather than repair of a partial-
thickness tear are comparable to postoperative management
after subacromial decompression for cuff impingement pre-
sented in the previous section of this chapter.

Immobilization
The position and duration of immobilization of the operated
shoulder after rotator cuff repair depends on many factors,
including the size, severity, and location of the tear and the
type and quality of the repair. The size of the cuff tear par-
tially determines whether the patient’s operated arm is sup-
ported in a sling (shoulder adducted, internally rotated, and
elbow flexed to 90°) or in an abduction orthosis or splint
(shoulder elevated in the plane of the scapula approximately 45°,
shoulder internally rotated, and elbow flexed). Patients sup-
ported in an abduction splint may require assistance from a
family member to support the operated arm in the 45° shoulder
position when the splint is removed for exercise, dressing, or
bathing.

Table 17.4 summarizes the immobilization recommenda-
tions for fully arthroscopic and mini-open/deltoid-splitting
approaches. Immobilization after a traditional open procedure
that involves deltoid detachment and repair is not included in
Table 17.4 because of the variations in guidelines reported in
the literature.34,76,126,212

The rationale for initially immobilizing the shoulder in ab-
duction is based on two principles. In the abducted position,
the shoulder is in a more relaxed, neutral position, reducing
the possibility of reflexive muscle contractions that could dis-
rupt the repairs. In addition, supporting the arm in abduction
reduces tension on the repaired tendons and may also im-
prove blood flow to the repair site.

Exercise Progression
Regardless of whether a patient undergoes a rotator cuff re-
pair on an inpatient or outpatient basis, contact with a ther-
apist for exercise instruction after surgery is usually limited
to a few visits. Therefore, the emphasis of a therapist’s inter-
action with a patient must be placed on patient education for
an effective and safe home-based exercise program.

Goals and interventions for each phase of rehabilitation
after arthroscopic or mini-open cuff repair follow. General
guidelines for exercise and precautions after rotator cuff repair
are summarized in Box 17.8. Precautions specific to a partic-
ular type of cuff tear or surgical procedure are also noted. The
suggested timelines for each phase are general and must be 
adjusted based on factors already noted (see Table 17.3).
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TABLE 17.4 Relationships between the Size of the Rotator Cuff Tear With the Type and Duration 
of Immobilization After Arthroscopic and Mini-Open Repair*

Size of Tear Type and Duration of Immobilization

Small ( ≤ 1 cm)

Medium to large (1 cm to 5 cm)

Massive (> 5 cm)†

*Fully arthroscopic and mini-open (arthroscopically assisted/deltoid splitting) approaches.
†A fully arthroscopic approach is not often used to repair massive cuff tears. 

Sling for 1–2 weeks; removal for exercise the day of surgery or 1 day postop

Sling or abduction orthosis/pillow for 3–6 weeks; removal for exercise 1–2 days postop

Sling or abduction orthosis/pillow for 4–8 weeks; removal for exercise 1–3 days postop

5850_Ch17_546-622  24/08/17  10:52 AM  Page 579



Exercise: Maximum Protection Phase
The priorities during the initial phase of rehabilitation are to
protect the repaired tendon, which is at its weakest approxi-
mately 3 weeks after repair,198 and to prevent the potential ad-
verse effects of immobilization. For almost all patients, the
immobilization device is removed for brief sessions of passive
or assisted ROM within protected and comfortable ranges
during the first few days after surgery (see Table 17.4).

The maximum protection phase extends for 3 to 4 weeks
after a fully arthroscopic or mini-open repair of small or
medium tears to as long as 6 to 8 weeks after repair of large

or massive tears. After an arthroscopic repair of a small or
medium tear, every effort is made to attain nearly full passive
shoulder ROM, particularly elevation and external rotation,
by 6 to 8 weeks postoperatively.58,126,210

Goals and interventions. The following goals and selected
interventions are initiated during the maximum protection
phase.5,34,53,55,64,76,126,210,212

■  Control pain and inflammation.
■ Periodic cryotherapy.
■ Arm support for comfort.
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BOX 17.8 General Exercise Guidelines and Precautions Following Repair of a Full-Thickness
Rotator Cuff Tear

Early Shoulder Motion
■ Perform passive or assisted shoulder ROM within safe and

pain-free ranges based on the surgeon’s intraoperative
observation of the mobility and strength of the repair, a
prescribed postsurgical protocol, and the patient’s comfort
level during exercise.

■ Only passive ROM for 6 to 8 weeks after repair of a massive
cuff tear or after a traditional open approach to prevent
avulsion of the repaired deltoid.

■ Initially perform passive and assisted shoulder ROM in the
supine position to maintain stability of the scapula on the
thorax.

■ Minimize anterior and superior translations of the humeral
head and the potential for impingement. Position the humerus
slightly anterior to the frontal plane of the body and in slight
abduction.

■ While at rest in the supine position, support the distal
humerus on a folded towel.

■ When initiating passive or assisted shoulder rotation while
lying supine, position the shoulder in slight flexion and
approximately 45° of abduction.

■ When initiating assisted shoulder extension, perform the
exercise in prone position (arm over the edge of the bed) 
from 90° to just short of neutral. Later progress to exercises
behind the back.

■ When performing assisted or active exercises in the upright
position (sitting or standing), be certain that the patient
maintains an erect trunk posture to minimize the possibility 
of impingement.

■ To ensure adequate humeral depression and avoid superior
translation of the head of the humerus when beginning active
elevation of the arm, restore strength in the rotator cuff,
especially the supraspinatus and infraspinatus muscles, before
dynamically strengthening the shoulder flexors and abductors.

■ Do not allow active shoulder flexion or abduction until the
patient can lift the arm without hiking the shoulder.

Strengthening Exercises
■ When beginning isometric resistance to scapulothoracic

musculature, be sure to support the operated arm to avoid
excessive tension in repaired GH musculature.

■ Use low exercise loads; resisted motions should not 
cause pain.

■ No weight-bearing (closed-chain) exercises or activities 
for 6 weeks.

■ Delay dynamic strengthening (progressive resistive exercise)
for a minimum of 8 weeks postoperatively for small, strong
repair and for at least 3 months for larger tears.

■ If the supraspinatus or infraspinatus was repaired, proceed
cautiously when resisting GH joint external rotation.

■ If the subscapularis was repaired, proceed cautiously with
resisted GH joint internal rotation.

■ After an open repair, postpone isometric resistance exercises
to the repaired deltoid and cuff musculature for at least 6 to 
8 weeks unless advised otherwise.

Stretching Exercises
■ Avoid vigorous stretching, the use of contract-relax procedures,

or grade III joint mobilizations for at least 6 weeks and often for
12 weeks postoperatively to give time for the repaired tendon(s)
to heal and become strong.

■ If the supraspinatus or infraspinatus was repaired, initially
avoid end-range stretching into GH joint internal rotation.

■ If the subscapularis was repaired, initially avoid end-range
stretching into GH joint external rotation.

■ If the deltoid was detached and repaired, initially avoid end-
range shoulder extension, adduction, and horizontal
adduction.

Activities of Daily Living
■ Wait until about 6 weeks after a mini-open or arthroscopic

repair and 12 weeks after a traditional open repair before
using the operated arm for light functional activities.

■ After repair of a large or massive cuff tear, avoid use of
operated arm for functional activities that involve heavy
resistance (pushing, pulling, lifting, carrying heavy loads) for 
6 to 12 months postoperatively.
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■ Shoulder relaxation exercises.
■ Grade I oscillations of the GH joint.
■ Use of medically prescribed medications.

■  Prevent loss of mobility of adjacent regions.
■ Assisted ROM of the elbow.
■ Active ROM of the cervical spine, wrist, and hand.
■ Active scapulothoracic elevation/depression and 

protraction/retraction.
■  Prevent shoulder stiffness/restore shoulder mobility.

■ Pendulum exercises typically the first postoperative day
or when the immobilizer may be removed for exercise.
Emphasize using the correct technique and keeping the
shoulder muscles relaxed.

■ Passive ROM of the shoulder within safe and pain-free
ranges. Initially perform exercises in the supine position;
begin both arm elevation and external rotation in the
plane of the scapula.

■ Self-assisted ROM using the opposite hand or a wand by
1 to 2 weeks for patients with repairs of small to medium
tears and about 2 weeks later for patients with repair of
large tears.

■ Active control of the shoulder with assistance as needed
from the therapist or family members. With the patient
lying supine, place the arm in 90° of shoulder flexion if
pain free. In this position, the effect of gravity on the
shoulder musculature is minimal. This position has been
called the “balance point position” of the shoulder.53

Help the patient control the shoulder while moving to
and from the balance point position, making small arcs
and circles with the arm.

■ Active shoulder ROM by the latter part of this phase for
small tears and as symptoms permit, initially supine with
the elbow flexed, progressing to a semi-reclining position
with the elbow less flexed.

PRECAUTION: Use only passive, non-assisted ROM for 6 to 
8 weeks for a repair of a massive cuff tear or after a traditional
open repair with deltoid detachment.34,212

■  Prevent or correct postural deviations.
■ Posture training and exercises to facilitate proper spinal

alignment and shoulder retraction (see Chapters 14 
and 16).

■  Develop control of scapulothoracic stabilizers.
■ Active movements of the scapula.
■ Submaximal isometrics to isolated scapular muscles.114

To avoid excessive tension in repaired GH musculature,
see that the operated arm is supported but not bearing
weight.

■ Side-lying scapular protraction/retraction to facilitate
serratus anterior function.

■  Prevent inhibition and atrophy of GH musculature.
■ Low-intensity, muscle-setting exercises against minimal

resistance. Setting exercises should not provoke pain in
a healing cuff tendon. Begin as early as 1 to 3 weeks post-
operatively depending on the size of the tear and quality
of the repair.34,53,55

PRECAUTION: Recommendations for the safest position of
the shoulder in which to begin isometric training of the GH mus-
culature after cuff repair are inconsistent. Perhaps the safest
suggestion is to start in a position that creates minimal tension
on the repaired cuff tendons (shoulder internally rotated and 
elevated in the scapular plane to about 45°, elbow flexed).55 As
the strength of the cuff muscles improves during the later
phases of rehabilitation, exercises and activities can be per-
formed with the arm positioned in more challenging and func-
tional positions.

Criteria to progress. Criteria to advance to the second phase
include:

■  A well healed incision.
■  Minimal pain with assisted shoulder motions.
■  Progressive improvement in ROM.

Exercise: Moderate Protection Phase
The focus of the second phase of rehabilitation is to develop
neuromuscular control, strength, and endurance of the shoul-
der while continuing to attain full or nearly full, pain-free
shoulder motion. Emphasis is placed on developing control
of the scapulothoracic and rotator cuff muscles.

For the patient with repair of a small or medium tear, this
phase begins around 4 to 6 weeks postoperatively and extends
an additional 6 weeks. For most patients, strengthening exer-
cises typically begin around 8 weeks postoperatively. This
phase may begin as late as 12 weeks for the patient with repair
of a large or massive tear.

 FOCUS ON EVIDENCE
Thomson et al193 performed a systematic review of eleven RCT’s
comparing the effectiveness of postoperative rehabilitation pro-
tocols following rotator cuff repair. Six studies evaluated the ef-
fect of early ROM exercises and found some evidence for
improved outcomes early in recovery with no detrimental long-
term outcomes. With small to moderate tears and good fixation,
passive ROM can begin one day following surgery, with active
ROM started several days later. Patients with larger tears and ad-
ditional factors such as poor tissue quality, systemic disease, or
sedentary lifestyle should delay passive ROM for 4 to 6 weeks
and wait to being active ROM until 6 to 8 weeks following sur-
gery. CPM use is safe following surgery and may facilitate short-
term pain relief and reduce postoperative stiffness, but does not
offer any long-term benefit on outcomes.

Goals and interventions. The following goals and inter-
ventions are appropriate during this phase of rehabilita-
tion.5,34,53,55,58,126

■  Restore nearly complete or full, pain-free, passive mobility
of the shoulder.
■ Self-assisted ROM with an end-range hold by means of

wand or pulley exercises, in single planes and combined
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(diagonal) patterns. Add shoulder internal rotation, 
extension beyond neutral, and horizontal adduction.

■ Mobilization of the incision site if well healed to prevent
adherence of the scar.

PRECAUTION: The use of passive stretching and grade III
joint mobilizations, if initiated during this phase of rehabilita-
tion, must be done very cautiously. Vigorous stretching is 
not considered safe for 3 to 4 months, the time needed for
the repaired tendons to have healed and become reasonably
strong.126

■  Increase strength and endurance and re-establish dynamic
stability of the shoulder musculature.
■ Active ROM of the shoulder through gradually increasing

the pain-free ranges. Continue to have the patient per-
form active elevation of the arm in the supine position
until the motion can be initiated without first elevating
the scapula. When transitioning to upright positions (sit-
ting or standing), reinforce the importance of maintain-
ing an erect trunk during exercises.

■ Isometric and dynamic strengthening to scapulotho-
racic muscles. First, use alternating isometrics in non-
weight-bearing positions; then progress to rhythmic
stabilization during light upper extremity weight-bearing
activities.

■ Submaximal multiple-angle isometrics of the rotator cuff
and other GH musculature against gradually increasing
resistance.

■ Dynamic strengthening and endurance training of the
GH musculature within pain-free ranges against light re-
sistance, such as light-grade elastic tubing or a 1- to 2-lb
weight. Perform exercises below the level of the shoulder
if pain is provoked with active movements above shoul-
der height.

■ Upper extremity ergometry at or just below shoulder
height against light resistance to increase muscular 
endurance.

■ Use of the involved upper extremity for light (no-load
or low-load) functional activities.

CLINICAL TIP
Because weakness and atrophy of the rotator cuff often are
present prior to injury, strengthen and increase endurance of
the cuff muscles before dynamically strengthening the shoul-
der abductors and flexors.

Criteria to progress. Criteria to transition to the final phase
of rehabilitation and gradually return to unrestricted activities
include:

■  Full, pain-free passive ROM.
■  Progressive improvement of shoulder strength and mus-

cular endurance.
■  A stable GH joint.

Exercise: Minimum Protection/Return to Function
Phase
This final phase usually begins no earlier than 12 to 16 weeks
postoperatively for patients with strong repairs or at 16 weeks
or later for a more tenuous repair. This phase may continue 
6 months or more depending on the patient’s expected activities.

Goals and interventions. The goals and interventions dur-
ing this final phase of rehabilitation are consistent with those
previously discussed for late-stage nonoperative management
of cuff disorders and for the final phase of rehabilitation after
subacromial decompression. However, the progression of ac-
tivities after a cuff repair is more gradual, and the time frame
for adhering to precautions is extended.

If full ROM still has not been restored by the beginning of
this phase, include passive stretching of the GH musculature
and joint mobilization. Incorporate activities that move the
arm into the increased ROMs, such as gently swinging a golf
club or tennis racket if the motions are pain free. Advanced,
task-specific strengthening activities dominate this phase of
rehabilitation.

Patients are generally not allowed to return to high-
demand activities for 6 months to 1 year postoperatively, 
depending on the patient’s level of comfort, strength, and flex-
ibility as well as the demands of the desired activities.

Outcomes 
A considerable number of outcome studies of operative man-
agement of rotator cuff tears have been reported in the literature
with follow-up ranging from less than 6 months to 5 years or
more. Outcomes commonly measured include pain, shoulder
ROM and strength, overall function, and patient satisfaction.

Long-term outcomes after fully arthroscopic, mini-open,
and traditional open repairs are comparable.76 For example,
after fully arthroscopic repair of full-thickness tears (mostly
small or medium but some large or massive tears), overall out-
comes of several studies were reported as good to excellent in
84%62,63 and 92%191 of patients followed for 2 to 3 years. These
results are comparable to results reported for open repairs.76,126

However, it has been shown that regardless of the type of op-
erative repair performed, the size of the cuff tear influences
postoperative outcomes. For example, comparably favorable
long-term functional outcomes and pain relief have been re-
ported after mini-open and traditional open repairs of small
to medium-sized, full-thickness tears,7,76,126 while outcomes are
less favorable after repairs of large or massive tears.126,212

Other factors, such as the acuity or chronicity of the tear
and the patient’s age also affect outcomes. Repairs of acute
tears in young patients are more successful than repairs of
similar size tears associated with chronic cuff impingement
and insufficiency in elderly patients (>65 years).71 The pres-
ence of fewer associated pathologies, such as a biceps tendon
tear or cuff tear arthropathy, also are associated with better
postoperative outcomes.126

Pain relief. Although the results of individual studies vary, a
systematic review of the literature indicated that an average of
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85% of patients who have operative repair of the rotator cuff
report satisfactory relief of pain. Pain relief after arthroscopic
and mini-open repairs ranges between 80% and 92%.174 This is
comparable to results of previous studies of traditional open re-
pairs, in which satisfactory pain relief was reported by 85% to
95% of patients.75,83 The preoperative size of the tear has an im-
pact on pain relief with patients having small and medium tears
reporting a higher percentage of satisfaction with pain relief
than patients with large or massive tears.75,126,174

Shoulder ROM. In a prospective descriptive study of patients
undergoing rotator cuff repair, the preoperative factor that most
closely correlated with long-term limitation of shoulder ROM
after surgery was the inability to place the hand behind the
back.203 Postoperative shoulder ROM is also associated with the
size of the tear, with one study demonstrating that patients who
had repairs of small to medium tears had more active flexion
and abduction than patients with large tears.83

Strength. The rate of recovery of shoulder muscle strength
also appears to be associated with the size of the tear, with
faster recovery occurring with repair of small and medium
tears than with repair of large or massive tears. Near-complete
restoration of shoulder muscle strength occurs gradually and
may take a year after repair of small and medium tears, while
recovery of strength after repair of large or massive tears is 
inconsistent.126,174Although recovery of shoulder muscle
strength occurs gradually throughout the first postoperative
year, the most substantial gains are seen during the first 
6 months.126 In most cases, patients achieve 80% strength in
the operated shoulder (compared to the noninvolved shoul-
der) by 6 months and 90% strength by 1 year.171

Functional abilities. It appears that long-term functional
outcomes correlate with the size of the tear, type of repair, tis-
sue quality, and the integrity of the repair.126 For example, pa-
tients who have undergone a mini-open repair return to
functional activities about a month earlier than those who
have had an open repair.7 However, this outcome may be
skewed by the fact that mini-open repairs are performed more
often in younger patients with less severe tears.

Lastly, in those patients who present with recurrence of a
rotator cuff tear after repair, 80% had good to excellent short-
term objective functional outcomes. This suggests that the ev-
idence supporting a direct relationship between the integrity
of the repair and functional outcomes is inconsistent.75

Shoulder Instabilities:
Nonoperative Management

Related Pathologies and Mechanisms
of Injury
GH joint hypermobility can be atraumatic or traumatic.
Atraumatic hypermobility, often referred to as instability,
can be due to generalized connective tissue laxity or from

microtrauma related to repetitive activities. Traumatic insta-
bility is caused by a single event or a sequence of high force
events that compromise the integrity of the stabilizing
structures, often dislocating the GH joint. With traumatic
dislocation, there is complete separation of the articular
surfaces of the GH joint from direct or indirect forces ap-
plied to the shoulder.155Atraumatic instability may be a pre-
disposing factor to traumatic dislocation, especially with
repetitive stressful overhead activities.85 GH joint hyper-
mobility, regardless of whether atraumatic or traumatic, is
often categorized as unidirectional or multidirectional. A
secondary effect of hypermobility is a painful shoulder syn-
drome (described in an earlier section).

Atraumatic Hypermobility
Unidirectional instability. Unidirectional instability can be
anterior, posterior, or inferior and is named for the direction
in which the joint mobility is increased. It may be the result
of physiological laxity of the connective tissues or repetitive
non-uniform loading of the joint. With the compromise of
stabilizing structures, the humeral head may continue to dis-
locate or sublux in the direction of the instability. This can
lead to progressive degeneration and eventually tears in the
supporting structures.

■   Anterior instability usually occurs with posteriorly-directed
forces applied to the arm when it is in an abducted and ex-
ternally rotated position, resulting in anterior humeral head
translations. If these forces occur with enough frequency and
force to compromise anterior GH joint structures, instability
results. Often these forces are self-generated, as in throwing
athletes who repetitively position the arm such that the an-
terior capsule is overloaded. Positive clinical signs include 
apprehension, load and shift, and anterior drawer tests.119,220

■  Posterior instability is much less common but can occur
from repetitive posterior-directed forces applied against a
forward-flexed humerus that translate the humeral head
posteriorly. There is a positive posterior drawer sign with
posterior instability.119,220

■  Inferior instability is typically the result of rotator cuff
weakness/paralysis and is frequently seen in patients with
hemiplegia.68 It is also prevalent in patients who repeti-
tively reach overhead (workers or swimmers, for example)
and those with multidirectional instability. This instability
is evident with a positive sulcus sign.119,220

Multidirectional instability. The GH joint is considered to
have multidirectional instability when stability is compromised
in more than one direction. Some individuals have physiolog-
ically increased extensibility of connective tissue, causing 
excessive joint mobility. In the GH joint, this increased exten-
sibility allows larger than normal humeral head translations in
all directions.155,178 Many individuals, particularly those in-
volved in overhead activities, develop laxity of the capsule from
continually subjecting the tissue to tensile forces.61,92 Multidi-
rectional instability is confirmed by a combination of the pos-
itive tests noted previously for unidirectional instability.
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Common Impairments of Structure and Function
With atraumatic instability, symptoms are often chronic, 
intermittent, and activity dependent. Acute symptoms are 
infrequent but may occur if there is a significantly increased
demand placed on the joint. Decreased endurance of the 
rotator cuff muscles may be a precipitating factor of repetitive
trauma of the joint.

Common Activity Limitations and Participation
Restrictions 
■  Possibility of recurrence when replicating the dislocating

position or with forces applied to the arm in the dislocating
position

■  With anterior instability, restricted ability in sports activi-
ties such as throwing, swimming, serving, and spiking

■  With posterior dislocation, restricted ability in sports 
activities, such as follow-through in throwing and golf; 
restricted ability in pushing activities, such as pushing open
a heavy door or pushing one’s self up out of a chair

■  Discomfort or pain when sleeping on the involved side
■  Inability to maintain arm positions or complete tasks 

requiring prolonged effort, especially overhead tasks

Traumatic Hypermobility

Traumatic anterior shoulder dislocation. Anterior disloca-
tion most frequently occurs when there is a posteriorly directed
force to the arm while the humerus is in a position of elevation,
external rotation, and horizontal abduction. In that position,
stability is provided by the subscapularis, GH ligaments (par-
ticularly the anterior band of the inferior ligament), and long
head of the biceps.105,170,204 A significant force to the arm may
damage these structures, along with the attachment of the an-
terior capsule and glenoid labrum (Bankart lesion is depicted
in Fig. 17.19).43

Traumatic anterior dislocation can be associated with
complete rupture of the rotator cuff,6,165 with the incidence
increasing in those over 40 years of age.43 There may also be
a compression fracture (Hill-Sachs lesion, Fig. 17.19) at the
posterolateral margin of the humeral head.43 Neurological or
vascular injuries may also occur during dislocations.72 The
axillary nerve is most commonly injured, but the brachial
plexus or one of the peripheral nerves could be stretched or
compressed.

Traumatic posterior shoulder dislocation. Traumatic pos-
terior shoulder dislocation is less common. The mechanism
of injury is usually a force applied to the arm when the
humerus is positioned in flexion, adduction, and internal
rotation, such as falling on an outstretched arm.161 The in-
jured person complains of symptoms when doing activities
such as push-ups, a bench press, or follow-through on a
golf swing.72

Recurrent Dislocations
With significant ligamentous and capsular laxity, recurrent
subluxations or dislocations may occur with any movement
that reproduces the humerus positions and forces that
caused the original instability. These episodes result in sig-
nificant pain and functional limitations. Some individuals
can voluntarily dislocate the shoulder anteriorly or posteri-
orly without apprehension and with minimal discom-
fort.155,182 The rate of recurrence after the first traumatic
dislocation is highest in the younger population (< 30 years).
Because they are more active and place greater demands on
the shoulder, longer immobilization (> 3 weeks) is advo-
cated after dislocation in patient’s less than 30-years old. A
shorter immobilization (1 to 2 weeks) is recommended for
older patients.125,128

Common Impairments of Structure and Function
■  After an acute traumatic injury, symptoms resulting from

tissue damage include pain and muscle guarding due to
bleeding and inflammation.

■  When a dislocation is associated with a complete rotator
cuff tear, there is an inability to abduct the humerus against
gravity.

■  Asymmetrical joint restriction/hypermobility. With ante-
rior instability, the posterior capsule may become tight;
with posterior instability, the anterior capsule may become
tight. After healing from a traumatic event, there may be
capsular adhesions.

■  With recurrent dislocations, the individual can dislocate
the shoulder at will, or the shoulder may dislocate during
specific activities.

Common Activity Limitations and Participation
Restrictions 
■  With rotator cuff rupture, inability to perform all activities

requiring humeral elevation.
■  Possibility of recurrence when replicating the dislocating

position or with forces applied to the arm in the dislocating
position.
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FIGURE 17.19 Lesions associated with traumatic anterior disloca-
tion of the GH joint. A Bankart lesion is a fracture of the anterior rim
of the glenoid with the attached labrum. The labrum is pulled away
from the anterior glenoid along with a small piece of glenoid. A Hill-
Sachs lesion, a compression fracture of the posterolateral humeral
head, also may occur. (Adapted from Tovin, BJ, and Greenfield, BH:
Evaluation and Treatment of the Shoulder—An Integration of the
Guide to Physical Therapist Practice. Philadelphia: F.A. Davis, 2001, 
p 295, with permission.)
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■  With anterior dislocation, restricted ability in sports activities,
such as throwing, swimming, overhead serving, and spiking. 
■ Restricted ability with dressing, such as putting on a shirt

or jacket, and with self-grooming, such as combing the
back of the hair.

■ Discomfort or pain when sleeping on the involved side. 
■  With posterior dislocation, restricted ability in sports activ-

ities, such as follow-through in pitching and golf; restricted
ability in pushing activities, such as pushing open a heavy
door or pushing one’s self up from a chair. 

Closed Reduction of Anterior
Dislocation
NOTE: Several techniques are described in the literature uti-
lizing either leverage or traction on the humerus to reduce an
anterior dislocation.43 Because of the risk of humeral fracture
or injury to the brachial plexus or axillary blood vessels during
reduction, the authors of this text recommend that these tech-
niques should be undertaken only by someone specially trained
to deal with these potential complications. 

Management: Protection Phase

Protect the Healing Tissue
■  Activity restriction is recommended for 6 to 8 weeks in a

young patient. If a sling is used, the arm is removed from
the sling only for controlled exercise. During the first week,
the patient’s arm may be continuously immobilized because
of pain and muscle guarding.

■  An older, less active patient (> 40 years of age) may require
immobilization for only 2 weeks.

■  The position of dislocation must be avoided when exercis-
ing, dressing, or doing other daily activities.

 FOCUS ON EVIDENCE
Traditionally after acute anterior shoulder dislocation, immo-
bilization has been instituted. However, a clinical commentary
that evaluated outcomes from various studies found that the
literature does not support the use of a traditional sling for
immobilizing the shoulder following primary anterior shoul-
der dislocation.85 It was also noted that there were signifi-
cantly fewer redislocations when activity is restricted for 6 to
8 weeks in those less than 30 years of age compared to activity
restriction of less than 6 weeks. The commentary also sup-
ported positioning the humerus in adduction and external
rotation (rather than internal rotation) during immobiliza-
tion for better approximation between the detached glenoid
labrum (Bankart lesion) and the glenoid neck.

Promote Tissue Health
Protected ROM, intermittent muscle setting of the rotator
cuff, deltoid, and biceps brachii muscles, and grade II joint
mobilization techniques in safe directions (with the humerus

at the side or in the resting position) are initiated as soon as
the patient tolerates them.

PRECAUTIONS: In order not to disrupt healing of the capsule
and other damaged tissues after anterior dislocation, ROM into
external rotation is performed with the elbow at the patient’s
side, with the shoulder flexed in the sagittal plane, and with the
shoulder in the resting position (in the plane of the scapula, ab-
ducted 55° and 30° to 45° anterior to the frontal plane) but not in
the 90° abducted position. The forearm is moved from maximal
internal rotation to 0° or possibly 10° to 15° external rotation.

CONTRAINDICATION: Extension beyond 0° is contraindicated.

Management: Controlled Motion Phase

Provide Protection
The patient continues to protect the joint and delay full return
to unrestricted activity. If a sling is being used, the patient in-
creases the time the sling is off. The sling is used when the
shoulder is tired or if protection from external forces is
needed.

Increase Shoulder Mobility
■  Mobilization techniques are initiated using all appropriate

glides except the anterior glide. The anterior glide is con-
traindicated even though external rotation is necessary for
functional elevation of the humerus. For a safe stretch to
increase external rotation, place the shoulder in the resting
position (abducted 55° and horizontally adducted 30°);
then externally rotate the humerus to the limit of its range
and apply a grade III distraction force perpendicular to the
treatment plane in the glenoid fossa (Fig. 17.20).

■  The posterior joint structures are passively stretched with
horizontal adduction self-stretching techniques.
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FIGURE 17.20 Mobilizing to increase GH joint external rotation
when an anterior glide is contraindicated. Place the shoulder in rest-
ing position, externally rotate it, then apply a grade III distraction
force.

5850_Ch17_546-622  24/08/17  10:53 AM  Page 585



Increase Stability and Strength of Rotator Cuff 
and Scapular Muscles
Both the internal and external rotators need to be strength-
ened as healing occurs.22 The internal rotators and adduc-
tors must be strong to support the anterior capsule. The
external rotators must be strong to stabilize the humeral
head against anterior translating forces and to participate in
the deltoid-rotator cuff force couple when abducting and
laterally rotating the humerus. Scapulothoracic muscle
strength is important for normal shoulder function and to
maintain the scapula in normal alignment. The following
exercises are initiated:

■  Isometric resistance exercises with the joint positioned at
the side and progressed to various pain-free positions
within the available ranges.

■  Partial weight-bearing and stabilization exercises.
■  Dynamic resistance, limiting external rotation to 50° and

avoiding the position of dislocation.
■  At 3 weeks, supervised isokinetic resistance for internal ro-

tation and adduction at speeds of 180° per second or higher
may be used.7 Position the patient standing with the arm
at the side or in slight flexion and elbow flexed 90°. The 
patient performs internal rotation beginning at the zero
position with the hand pointing anteriorly and moving
across the front of the body.

■  Progress to positioning the shoulder at 90° flexion. Have
the patient perform the exercise from zero to full internal
rotation. Do not position in 90° abduction.

■  By 5 weeks, all shoulder motions are incorporated into ex-
ercises on isokinetic or other mechanical equipment except
for the position of 90° abduction with external rotation.

Management: Return to Function Phase

Restore Functional Control
The following are emphasized:

■  A balance in strength of all shoulder and scapular muscles
■  Coordinated scapulothoracic and arm motions
■  Endurance for each previously described shoulder stability

exercise
■  As stability improves, progress to:

■ Eccentric training to maximum load.
■ Increasing speed and control of combined motions.
■ Simulating desired functional patterns for activity.

Return to Full Activity
■  The patient can return to normal activities when there 

is no muscle strength imbalance, good coordination 
is present during skilled movements, and the apprehen-
sion test is negative. Full rehabilitation takes 2.5 to 
4 months.4

■  It is important that the patient learns to recognize signs of
fatigue and impingement and is educated about how to re-
duce the exercise load when these signs are noticed.

Closed Reduction of Posterior
Dislocation
The management approach is the same as for anterior dislo-
cation with the exception of avoiding the position of humeral
flexion with adduction and internal rotation during the acute
and healing phases.

CLINICAL TIP
Use of a sling following a posterior dislocation may be un-
comfortable because of the adducted and internally rotated
position of the humerus, particularly if the sling elevates the
humerus so the head translates in a superior and posterior di-
rection. The patient may be more comfortable with the arm
hanging freely in a dependent position while kept immobile.

When mobilization is allowed, begin joint mobilization
techniques using all appropriate glides except the posterior
glide. Posterior glide is contraindicated. If adhesions develop
that limit internal rotation, mobility can be regained safely by
placing the shoulder in the resting position (abducted 55° and
horizontally adducted 30°), internally rotating it to the limit
of its range, and applying a grade III distraction force perpen-
dicular to the treatment plane in the glenoid fossa (same as
in Fig. 17.20 but with the arm internally rotated).

Shoulder Instabilities:
Surgery and Postoperative
Management

Surgical stabilization procedures are often necessary to repair
chronic, recurrent instabilities and acute traumatic lesions in
the GH, AC, and SC joints to restore function. Background
information on GH joint instabilities and injuries that fre-
quently occur with dislocations to this joint was described in
the previous sections on nonoperative management. Com-
mon lesions that occur with GH instabilities are Bankart 
lesions, Hill-Sachs lesions, reverse Hill-Sachs lesions, and 
rotator cuff tears.

Glenohumeral Joint Stabilization
Procedures and Postoperative
Management
If a reasonable trial of nonoperative management has not pre-
vented recurrence of GH joint instability, surgical stabilization
may be considered. Recurrent instability after a traumatic
event responds more favorably to surgical management than
do chronic atraumatic instabilities.11,125 Young, active patients
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who have sustained an acute, traumatic, anterior dislocation
for the first time may elect to undergo surgery without a prior
course of rehabilitation because there is a particularly high
rate of recurrence of dislocation in this group after nonoper-
ative management.125,128

 FOCUS ON EVIDENCE
In a small randomized trial18 of young athletes who had
sustained a first-time, acute, traumatic anterior shoulder
dislocation, one group (n = 14) participated in a non-
operative rehabilitation program of immobilization and ex-
ercise and another group (n = 10) underwent arthroscopic
repair of a Bankart lesion plus the rehabilitation program.
Participants were followed for an average of 36 months. Of
the 12 non-operatively managed patients who were avail-
able for follow-up, 9 (75%) experienced recurrent instabil-
ity, whereas of the 9 operatively managed patients available
for follow-up, only 1 (11.1%) experienced recurrent insta-
bility. Six of the 9 non-operatively treated patients who 
experienced recurrent instability subsequently had an open
Bankart repair.

In another randomized study102 of young patients (mean
age 22 years) who sustained traumatic anterior dislocations,
a trial of nonoperative management was compared to imme-
diate arthroscopic stabilization. Over a 2-year period, 47% of
the patients in the non-operative group—but only 15% of the
surgical group—experienced recurrence of the dislocation.
These studies demonstrate that in young patients, early sur-
gical stabilization followed by postoperative rehabilitation sig-
nificantly reduces the incidence of recurrent instability
compared to non-operative management.

Indications for Surgery
The following are common indications for surgical stabiliza-
tion of the GH joint.125,128,195,210,213

■  Recurrent episodes of GH joint dislocation or subluxation
that impair functional activities

■  Unidirectional or multidirectional instability during active
shoulder movements that causes apprehension about plac-
ing the arm in positions of potential dislocation, leading to
compromised use of the arm for functional activities

■  Instability-related impingement (secondary impingement
syndrome) of the shoulder

■  Significant inherent joint laxity resulting in recurrent in-
voluntary dislocation

■  High probability of subsequent episodes of recurrence of
dislocation after an acute traumatic dislocation in young
patients involved in high-risk (overhead), work-related, or
sport activities

■  Dislocations associated with significant cuff tears or dis-
placed tuberosity or glenoid rim fractures

■  Irreducible (chronic, fixed) dislocation
■  Failure to resolve the instability and restore function with

non-operative management

Procedures
Procedures designed to improve stability and prevent recur-
rent instability of the GH joint must balance stabilization of
the joint with retention of near-normal, functional mobility.
Stabilization procedures, which may involve the anterior, pos-
terior, or inferior portions of the capsule, are performed using
either an arthroscopic or open approach depending on the
type of lesion(s) present and type of procedure selected by
the surgeon.125,128,161,190,210 Open stabilization procedures are
highly successful (low recurrence of dislocation) and have
been considered the standard for years. However, with 
advances in arthroscopic techniques and methods of tissue
fixation, the use and success of arthroscopic stabilization pro-
cedures is much more common.210

Recurrent anterior (unidirectional) dislocation is by far
the most common form of GH instability managed with sur-
gical stabilization.128 In contrast, posterior or posteroinferior
instabilities are less frequently managed with surgical stabi-
lization.161 The surgical procedures can be organized into 
several categories.

Bankart repair. This repair involves an open or arthroscopic
repair of a Bankart lesion, which is the detachment of the 
capsulolabral complex from the anterior rim of the glenoid
commonly associated with traumatic anterior dislocation 
(see Fig. 17.19). During the repair an anterior capsulolabral
reconstruction is performed to reattach the labrum to the 
surface of the glenoid lip.3,65,85,90,125,1752175,210

With an open repair, the humeral insertion of the sub-
scapularis is detached or split longitudinally for access to the
lesion and capsule.67,125,172,175 Occasionally, access is achieved
through the rotator cuff interval, which allows the subscapu-
laris to remain intact.125 If the subscapularis is detached, it
is repaired after the labrum has been reattached. With an
arthroscopic approach multiple portal sites are used, and the
subscapularis is not disturbed.3,210 Repair of a Bankart lesion
is combined with an anterior capsular shift if capsular 
redundancy is present.

With an open procedure, the labrum is reattached with di-
rect transglenoid sutures or suture anchors, whereas with an
arthroscopic approach transglenoid sutures, suture anchors,
or tacks are used.85,210 Generally, more secure fixation is
achieved with an open repair than with an arthroscopic re-
pair, although in recent years advances in arthroscopic tissue
fixation have improved.210

Capsulorrhaphy (capsular shift). Capsulorrhaphy, which can
be performed using either an open or arthroscopic approach,
involves tightening the capsule to reduce capsular redundancy
and overall capsule volume by incising, overlapping in a pants-
and-vest manner (imbrication), and then securing the lax 
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or overstretched portion of the capsule (plication) with direct
sutures, suture anchors, tacks, or staples.69,90,125,128,161,210,228

A capsular shift procedure is tailored to the direction(s)
of instability: anterior, inferior, posterior, or multidirec-
tional. For example, if a patient has recurrent anteroinferior
multidirectional instability, an anterior or inferior capsular
shift is performed in which this portion of the capsule is in-
cised, tightened by imbrication (plication), and sutured.
Most capsular shift procedures are performed to reduce 
anterior instability.10,125,128,228

Electrothermally assisted capsulorrhaphy. Electrother-
mally assisted capsulorrhaphy (ETAC) involves an arthro-
scopic approach that uses thermal energy (radiofrequency
thermal delivery or nonablative laser) to shrink and tighten
loose capsuloligamentous structures. The procedure—also
referred to as a thermal-assisted capsular shift (TACS) or
thermocapsular shrinkage—can be used alone but more
often is used in conjunction with other arthroscopic proce-
dures, such as repair of a glenoid tear, a capsular shift,
débridement of a partial rotator cuff tear, or subacromial
decompression.54,57,125,132,197,205,210,224

Animal and human cadaveric studies have shown that
thermal energy initially makes collagen fibrils more extensi-
ble; but as the collagen tissue of the capsuloligamentous struc-
tures heals, it shortens or “shrinks,” causing a decrease in
capsular laxity.84,183 If one or more of the GH ligaments is de-
tached or if rotator cuff lesions that could be contributing to
the instability are detected, they are repaired arthroscopically
prior to ETAC.

Posterior capsulorrhaphy (posterior or posteroinferior cap-
sular shift). Recurrent, involuntary posterior or posteroinfe-
rior instability can be managed with either an open or
arthroscopic capsular shift to remove posterior and inferior re-
dundancy of the capsule.11,125,160,161,195,196,210 Additional soft tis-
sue procedures, such as repair of a posterior labral tear (reverse
Bankart lesion) or, in rare instances, plication and advancement
of the infraspinatus to reinforce the posterior capsule, may be
necessary. Shoulders without an effective posterior glenoid can
be surgically managed with capsulolabral augmentation210 or
occasionally with a glenoid osteotomy.125,161

With an arthroscopic posterior stabilization, a capsular
shift and repair of the posterior labrum can be accom-
plished without disrupting the shoulder musculature.160

With an open stabilization, a posterolateral incision is
made; the deltoid is split; and the infraspinatus, teres minor,
and posterior capsule are incised.161,196 In some instances
of traumatic multidirectional instability, anterior capsulor-
rhaphy is used to indirectly increase the tension of the 
posterior capsule.125,161,210

Repair of a SLAP lesion. A tear of the superior labrum
is classified as a SLAP lesion (superior labrum extending
anterior to posterior).46,195,210,225 Some SLAP lesions are
associated with a tear of the proximal attachment of the
long head of the biceps tendon and recurrent anterior in-
stability of the GH joint. An arthroscopic repair involves

débridement of the torn portion of the superior labrum,
abrasion of the bony surface of the superior glenoid, and
reattachment of the labrum and biceps tendon with tacks
or suture anchors. Concomitant anterior stabilization is
also performed if instability is present.

Postoperative Management

General Considerations
As with rehabilitation after rotator cuff repair, guidelines for
postoperative management after GH joint surgical stabiliza-
tion are based on many factors. These factors, all of which can
influence the composition and progression of a postoperative
program, are summarized in Table 17.5. Additional factors
that affect rehabilitation after GH stabilization and rotator
cuff repair, such as the philosophy and training of the surgeon
and a number of patient-related variables (general health,
medications, preinjury functional status and postoperative
goals, education, and compliance) have been addressed pre-
viously (see Table 17.3).

The content in this section identifies general principles of
management across three broad phases of postoperative re-
habilitation after a variety of GH joint surgical stabilization
and reconstruction procedures. These general guidelines can-
not begin to address the many variations of rehabilitation
programs recommended for specific stabilization procedures.
However, many detailed protocols or case-based descriptions
of rehabilitation programs for use after specific procedures
and for specific types of shoulder instabilities and associated
lesions are available in the literature.34,54,85,98,150,163,205,225,232

Regardless of the type of instability, associated pathology,
or type of surgical stabilization procedure, a postoperative 
rehabilitation program must be based on the findings of a
comprehensive examination and individualized to meet the
unique needs of each patient. The focus of postoperative re-
habilitation is to restore pain-free shoulder mobility and mus-
cular strength and endurance, particularly the dynamic joint
stabilizers, to meet the patient’s functional needs while pre-
venting recurrence of shoulder instability.

Immobilization
Position. The position in which the patient’s shoulder is
immobilized after surgery is determined by the direction(s)
of instability prior to surgery. After surgical reconstruction
for recurrent anterior or anteroinferior instability, the
shoulder is immobilized in a sling or splint with the arm at
the side or in some amount of abduction and internal ro-
tation, with the arm slightly anterior to the frontal plane of
the body.90,125 After surgery for posterior or posteroinferior
instability, the upper extremity is supported in an orthosis
with the shoulder immobilized in the “handshake” position
(neutral rotation to 10° to 20° of external rotation, 20° to
30° of abduction, elbow flexed, and neutral flexion or slight
extension).125,161

Duration. The duration of immobilization—that is, the
period of time before use of the immobilizer is completely
discontinued—is determined by many factors, including the

588 Shoulder Instabilities: Surgery and Postoperative Management

5850_Ch17_546-622  24/08/17  10:53 AM  Page 588



type of instability, the procedure(s) performed, and the 
surgeon’s intraoperative assessment. This period can range
from 1 to 3 weeks to as long as 6 to 8 weeks. However, 
the period of continuous immobilization of the operated
shoulder (before shoulder motion can be initiated) depends
on the type of procedure but is kept as short as possible. For
example, after an anterior stabilization, the immobilizer may
need to be worn continuously for only a day to a few days
but in some cases up to 1 to 2 weeks.128 In contrast, repairs
of posterior or multidirectional instabilities, which are 
associated with a higher recurrence of dislocation, usually
require a longer period of immobilization.125,161,196 After a
posterior stabilization procedure, the shoulder may be con-
tinuously immobilized and ROM delayed for up to 6 weeks
postoperatively.98,161

Time frames for immobilization also vary based on the
factors that influence all aspects of postoperative rehabili-
tation (see Table 17.4). For example, the duration of immo-
bilization is usually shorter for an elderly patient than for a
young patient, because the elderly patient is more likely to
develop postoperative shoulder stiffness than the young 
patient. In contrast, patients with generalized hypermobility
or younger patients involved in high-demand activities 
require longer periods of immobilization to reduce the risk
of redislocation.125

Exercise Progression
As with the position and duration of immobilization, deci-
sions about when the arm may be temporarily removed from
the immobilizer to begin shoulder exercises and the allowable
shoulder motions are based on many of the factors previously
summarized (see Table 17.5).

CLINICAL TIP
During the early weeks of rehabilitation after a surgical sta-
bilization procedure, determining what ranges fall within
“safe” limits of motion is based on the extent of intraoperative
ROM that was possible without placing excessive tension on
the repaired, tightened, or reconstructed tissues. This infor-
mation may be available in the operative report or should be
communicated by the surgeon to the therapist prior to initi-
ating postoperative exercises.

Rehabilitation after anterior stabilization (anterior capsu-
lar shift or Bankart repair) is similar after open and arthro-
scopic procedures. In both instances, there are precautions
that must be heeded, particularly during the first 6 weeks after
surgery while soft tissues are healing. During this time period
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TABLE 17.5 Factors That Influence the Rehabilitation Program After Surgery for Recurrent Instability 
of the GH Joint

Factors Potential Impact on Rehabilitation

■ A traumatic onset of instability

■ Severity of associated lesions

■ Previous failure of a surgical Stabilization

■ Direction of instability

■ Type of surgical approach

■ Type of procedure

■ Patient variables
■ Tissue integrity
■ Preoperative status of dynamic stabilizers
■ Generalized joint laxity

■ More conservative postoperative rehabilitation due to greater risk of
recurrent dislocation125

■ Increased severity or number of associated lesions will slow the
progression of rehabilitation

■ Slower progression

■ Stabilization of anterior instability allows more rapid advancement
than stabilization of posterior or multidirectional instabilities161

■ Less postoperative pain with arthroscopic procedure but rate of
progression essentially the same after open and arthroscopic
stabilization procedures, because rate of healing of repaired tissues
is the same in both procedures

■ Electrothermally assisted capsulorrhaphy requires slower
progression than arthroscopic or open capsular tightening without
thermal application54,164,205

■ Bony reconstruction requires slower progression than after soft
tissue reconstruction 

■ The progression of postoperative rehabilitation is more conservative
for the inactive patient with multidirectional atraumatic instability
who has generalized joint laxity and poor pre-operative strength of
the dynamic (muscular) stabilizers
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after an open procedure, the anterior capsule and the de-
tached and repaired subscapularis must be protected from ex-
cessive stresses. With an arthroscopic anterior stabilization,
although the subscapularis remains intact, it is also necessary
to protect the anterior capsule fixation during the initial phase
of rehabilitation, because soft tissue fixation may not be as 
secure as the fixation used in an open procedure. 

PRECAUTIONS: Precautions after arthroscopic or open ante-
rior stabilization or reconstruction procedures are summarized
in Box 17.9.34,67,85,98,125,128,150,210 Precautions for thermally 
assisted capsular tightening,54,57,164,205,224 posterior stabilization
procedures,98,160,161 and repair of a SLAP lesion34,46,225 are noted
in Box 17.10. 

 FOCUS ON EVIDENCE
In a study by Sachs and colleagues175 with a 4-year follow-up
of 30 patients who had sustained a traumatic anterior dislo-
cation and undergone an open Bankart repair (that included
takedown and repair of the subscapularis tendon), only post-
operative subscapularis function was significantly correlated
with the patients’ perception of a successful outcome after
surgery. Although only two patients (6.7%) reported recur-
rence of instability over the 4-year period, seven patients
(23%) had incompetence of the subscapularis muscle. Specif-
ically, the mean strength of the subscapularis in these patients

was only 27% as strong as the non-involved shoulder, com-
pared to the remaining patients who had mean subscapularis
strength of 80%. There was no significant loss of strength in
other shoulder muscles in either group of patients.

Of the patients with a reasonably strong subscapularis at
the 4-year follow-up, 91% reported good to excellent results,
and 100% indicated that they would have the surgery again.
However, among the patients with a substantially weak sub-
scapularis, 57% reported good to excellent results, but only
57% would undergo the surgery again. The investigators sug-
gest that the subscapularis tendon repair and protection over
the first few weeks following surgery is critical to shoulder
function and patient perception of successful outcomes.

Exercise: Maximum Protection Phase
The initial phase of rehabilitation extends for about 6 weeks
after surgery. Protection of the tightened capsule or repaired
structures, such as the labrum or the subscapularis, is necessary
during this phase while also minimizing the negative conse-
quences of immobilization. Exercises may be initiated the day
after surgery for select patients who have had an anterior sta-
bilization procedure,39 but more often are begun 1 to 2 weeks
postoperatively.98,150 ROM is delayed for a longer period of time
after a thermally assisted stabilization,54,57,164,205,224 a posterior
stabilization procedure,98,160,161 or repair of a SLAP lesion and
torn biceps tendon34,47,225 (see Box 17.10).
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BOX 17.9 Precautions After Anterior Glenohumeral Stabilization and/or Bankart Repair*

■ Limit external rotation (ER), horizontal abduction, and extension
(shoulder positions that place stress on the anterior capsule)
during first 6 weeks postoperatively.
■ After an arthroscopic stabilization, although the subscapularis

is intact, limit ER to 5° to 10° with the arm in slight abduction
or at the side for the first 2 weeks to avoid pull-out of
fixation.35 Gradually progress to 45° over the next 2 to 
4 weeks with the shoulder in greater abduction. With a
tenuous stabilization, may need to limit ER to only neutral 
for the first 4 to 6 postoperative weeks.210

■ After an open procedure involving subscapularis takedown
and repair, limit ER to 0° (no ER past neutral), to no more
than 30° to 45° or to the “safe” limits identified during the
intraoperative assessment for 4 to 6 weeks.34

■ Postpone ER combined with full shoulder abduction for at
least 6 weeks.85

■ After an arthroscopic stabilization, progress forward flexion of
the shoulder more cautiously than after an open stabilization.

■ After bony procedures, delay passive or assisted ROM for 
6 to 8 weeks to allow time for bone healing. 125,128

■ No vigorous passive stretching to increase end-range ER 
for 8 to 12 weeks after either arthroscopic or open procedure
except for patients with hypoelastic tissue quality.210

■ When stretching is permissible, avoid positioning the shoulder
in abduction and external rotation during grade III joint
mobilization procedures.

■ After procedures with subscapularis detachment and repair,
no active or resisted IR for 4 to 6 weeks; avoid lifting objects,
especially if pushing the hands together is required.34,67,85,150

■ Avoid activities involving positions that place stress on the
anterior aspect of the capsule for about 4 to 6 weeks.

■ Avoid functional activities that require ER, especially if
combined with horizontal abduction during early
rehabilitation as when reaching to put on a coat or shirt.

■ Avoid upper extremity weight bearing particularly if the
shoulder is extended, as when pushing up from the
armrests of a chair.

■ When dynamically strengthening the rotator cuff, maintain the
shoulder in about 45°of abduction, rather than 90°.

*Precautions apply primarily to early rehabilitation during the first 
6 weeks after surgery except as noted. The allowable ROM during
the initial phase of rehabilitation depends on the type of pathology,
surgical procedure, the patient’s tissue quality (degree of hyper- 
or hypo-elasticity), and the intraoperative evaluation of shoulder
stability.
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Goals and interventions. The goals and exercises for 
the maximum protection phase are summarized in this 
section.34,54,85,150,222,232

■  Control pain and inflammation.
■ A sling for comfort when the arm is dependent or for

protection when in public areas. While seated, remove
the sling (if permissible) and rest the forearm on a table
or wide armrest with the shoulder positioned in abduc-
tion and neutral rotation to provide support but prevent
potential contracture of the subscapularis and other 
internal rotators of the shoulder.

■ Cryotherapy and prescribed anti-inflammatory medication
■ Shoulder relaxation exercises

■  Prevent or correct posture impairments.
■ Emphasis on spinal extension and scapular retraction;

avoid excessive thoracic kyphosis
■  Maintain mobility and control of adjacent regions.

■ Active ROM of the cervical region, elbow, forearm, wrist,
and fingers the day after surgery

■ Active scapulothoracic movements

PRECAUTION: Initially, strengthen the scapulothoracic mus-
cles in open-chain positions to avoid the need for weight bearing
on the operated upper extremity. When weight-bearing activities
are initiated, be cautious about the position of the operated
shoulder for about 6 weeks postoperatively to avoid undue
stress to the vulnerable portion of the capsule.

■  Restore shoulder mobility while protecting tightened or
repaired tissues.
■ Pendulum exercises for the first 2 weeks postoperatively.
■ Self-assisted ROM and wand exercises for the GH joint

within protected ranges as early as 2 weeks or as late as 
6 weeks postoperatively. Begin shoulder elevation in the
supine position; begin humeral rotation with the shoulder
in a slightly abducted and flexed position using a rolled
towel under the humerus for positioning and support.

■ With an anterior stabilization, gradually progress to near-
complete ROM by 6 to 8 weeks except for external rota-
tion, extension, and horizontal abduction beyond neutral. 

■ With a posterior stabilization, progress cautiously into
flexion, horizontal adduction, and internal rotation.
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BOX 17.10 Precautions After Selected Glenohumeral Stabilization Procedures

Thermally Assisted Capsular Tightening
■ Be extremely cautious with ROM exercises for the first 4 to 

6 weeks postoperatively because collagen in the thermally
treated capsuloligamentous structures is initially more
extensible (more vulnerable to stretch) until it heals. Some
patients may begin ROM within protected ranges the day
after surgery, whereas others may be required to postpone
ROM exercises entirely for 2 weeks or more.

■ While sleeping, complete immobilization (sling and swathe) 
for 2 weeks or more.

■ Precautions for ROM depend on the direction of instability,
patient’s tissue quality (hyper- or hypoelastic), and the extent
of concomitant surgical procedures necessary. For example,
progress patients with congenital hyperelasticity more
cautiously than those with hypoelasticity.

Posterior Stabilization Procedure and/or Reverse
Bankart Repair
■ Postpone all shoulder exercises or limit elevation of the 

arm to 90° and internal rotation (IR) to neutral or no more 
than 15° to 20° and horizontal adduction to neutral (up to 
6 weeks postoperatively).

■ Restrict upper extremity weight bearing, particularly when the
shoulder is flexed, to avoid stress to the posterior aspect of
the capsule, for example during closed-chain scapulothoracic
and GH stabilization exercises and functional activities, for at
least 6 weeks postoperatively.

■ Avoid resistance exercises that direct loads and place 
stress on the posterior capsule, such as bench press
exercises and prone push-ups until late in the 
rehabilitation program, if at all.

Repair of a SLAP Lesion
■ For SLAP lesions where the biceps tendon is detached,

progress rehabilitation more cautiously than when the biceps
remain intact.
■ Limit passive or assisted elevation of arm to 60° for the first

2 weeks and to 90° at 3 to 4 weeks postoperatively.
■ Perform only passive assisted humeral rotation with the

shoulder in the plane of the scapula for the first 2 weeks 
(ER to only neutral or up to 15° and IR to 45°); during 
weeks 3 to 4, progress ER to 30° and IR to 60°.

■ Avoid positions that create tension in the biceps, such 
as combined elbow and shoulder extension (as when 
reaching behind the back), during the first 4 to 6 weeks
postoperatively.

■ Postpone active contractions of the biceps (elbow flexion 
with supination of the forearm) for 6 weeks and resisted
biceps exercises or lifting and carrying weighted objects 
until 8 to 12 weeks postoperatively depending on the 
extent and type of biceps repair; then progress cautiously.

■ If the mechanism of injury was a fall onto the outstretched
hand and arm causing joint compression, progress weight-
bearing exercises gradually.

■ If anterior instability is also present, follow precautions in 
Box 17.11.

■ Avoid positions of abduction combined with maximum
external rotation, as this places torsion forces on the 
base of the biceps attachment on the glenoid.
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■ Progress to active shoulder ROM when motion can be
performed without pain, apprehension, or use of sub-
stitute motions, such as elevating the scapula to initiate
arm elevation.

■ Use the operated arm for nonweight-bearing, waist-level
functional activities with no external resistance by 2 to
4 weeks postoperatively.

■  Prevent reflex inhibition and disuse atrophy of GH
musculature.
■ Multiple-angle, low-intensity isometric exercises of GH

musculature as early as the first week or by 3 to 4 weeks
postoperatively. Use caution with resisted internal rota-
tion after subscapularis repairs.

■ Possible initiation of dynamic exercises against light re-
sistance in protected ranges of motion at 4 to 6 weeks
emphasizing the GH stabilizers.

■ Be particularly cautious when applying any type of 
resistance to musculature that has been torn or surgically
detached, incised, or advanced and then repaired. Note
that following a SLAP repair, resisted elbow flexion and
resisted shoulder elevation will result in increased tensile
loading of the long head of the biceps tendon.

NOTE: In some cases, dynamic exercises against light resist-
ance are delayed until the intermediate phase of rehabilitation
(about 6 to 8 weeks postoperatively), when only moderate pro-
tection is necessary.

Criteria to progress. Criteria to advance to the second
phases of rehabilitation are:34,54,85,98

■  A well healed incision.
■  Reasonable improvement in ROM.
■  Minimal pain.
■  No sense of apprehension about instability with active 

motions.

Exercise: Moderate Protection Phase
The moderate protection phase of rehabilitation begins around
6 weeks postoperatively and continues until approximately 12 to
16 weeks. The focus is on maintaining joint stability while
achieving nearly full active (unassisted) ROM of the shoulder;
developing neuromuscular control, strength, and endurance of
scapulothoracic and GH musculature; and using the upper 
extremity through greater ranges for functional activities.

Goals and interventions. The goals and interventions for the
intermediate phase of rehabilitation are as follows.34,54,85,98,222,232

■  Regain nearly full, pain-free, active ROM of the shoulder.
■ Continue active ROM with the goal of achieving nearly

full ROM by 12 weeks.
■ Incorporate ROM gains into functional activities.
■ Stretching and grade III mobilization in positions that do

not provoke instability. After an anterior stabilization pro-
cedure, pay particular attention to increasing horizontal
adduction, as the posterior structures may have been tight
preoperatively and continue to be so postoperatively.

■  Continue to increase strength and endurance of shoulder
musculature.
■ Alternating isometrics against increasing resistance with

emphasis on the scapula and rotator cuff musculature.
■ Dynamic resistance exercises initiated or progressed using

weights and elastic resistance with emphasis on scapu-
lothoracic and GH stabilizers. Begin in midrange posi-
tions, progressing to end-range positions. Emphasize both
the concentric and eccentric phases of muscle activation.

■ Dynamic strengthening in diagonal and simulated func-
tional movement patterns.

■ Upper extremity ergometry for muscular endurance. 
Include forward and backward motions.

■ Progressive upper extremity weight bearing during
strengthening and stabilization exercises.

PRECAUTIONS: After anterior stabilization, do not initiate dy-
namic strengthening of the internal rotators from full exter-
nal rotation, particularly in the 90° abducted position. When
strengthening the shoulder extensors, do not extend poste-
rior to the frontal plane. Similarly, when strengthening the hor-
izontal abductors, do not horizontally abduct posterior to 
the frontal plane. In addition, maintain the shoulder in neutral
rotation during horizontal abduction and adduction. After 
posterior stabilization, do not begin dynamic strengthening of
the external rotators from a position of full internal rotation
initially.

Criteria to progress. Criteria to progress to the final phase
of rehabilitation and the focus of exercises are similar to the
criteria already identified for the final phase of rehabilitation
after rotator cuff repair.

Exercise: Minimum Protection/Return to Function
Phase
This phase usually begins around 12 weeks postoperatively
or as late as 16 weeks, depending on individual character-
istics of the patient and the surgical procedure. Stretching
should continue until ROM consistent with functional
needs has been attained. Gains in ROM are possible for up
to 12 months as collagen tissue continues to remodel. Re-
sistance exercises to improve strength and endurance are
progressed to replicate movements involved in functional
activities, including placing the joint progressively closer to
positions that previously provoked instability. Plyometric
training (discussed in Chapter 23) is introduced and gradu-
ally progressed, particularly in patients intending to return
to high-demand sports or work-related activities. Full par-
ticipation in work-related and sports activities often takes
up to 6 months postoperatively.

PRECAUTIONS: Some patients may have permanent restric-
tions placed on functional activities that involve high-risk
movements and that could potentially cause recurrence of the
instability. After some anterior stabilization procedures, full ex-
ternal rotation in 90° of abduction may not be advisable or
possible.98
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Outcomes 
A successful postoperative outcome involves regaining the abil-
ity to participate in desired functional activities without a 
recurrence of GH joint instability. There are many studies 
describing various outcomes after stabilization procedures.
However, most of the studies comparing the success of one sur-
gical intervention with that of another are not randomized—
understandably so because the surgeon’s examination is the
basis for determining which procedure is most appropriate and
will most likely lead to successful results for each patient.

Although postoperative exercise is consistently described
as essential for optimal outcomes after stabilization surgery,
no current evaluations of the effectiveness of postoperative
exercise programs after GH stabilization are found in the
literature. As with surgical decisions, most postoperative 
rehabilitation programs are customized to meet each pa-
tient’s needs, making comparison of outcomes difficult.

Results of surgery and postoperative rehabilitation are
typically reported for specific pathologies, patient popula-
tions, and surgical procedures and a variety of outcome
measures are used to evaluate effectiveness. Despite this 
lack of consistency in reporting, some generalizations can
be made.

Recurrence of instability. Recurrent instability of trau-
matic origin responds more favorably to surgical manage-
ment than does atraumatic instability.11,125 In addition, the
rate of recurrence of instability is substantially higher in
young patients (< 30 to 40 years of age) and patients who 
return to high-demand, work-related activities or competi-
tive overhead sports than less active, older patients (> 30 to
40 years of age).125,210

The recurrence of dislocation rates after open and arthro-
scopic procedures have also been compared with recurrence
rates after arthroscopic stabilization higher than after open
stabilization.35,125 In a review of studies on anterior stabiliza-
tion procedures, the mean recurrence rate after open stabiliza-
tion (Bankart lesion repair) was 11% (range 4% to 23%), 
but recurrence rates after arthroscopic stabilization were 
18% (range 2% to 32%) with transglenoid suture fixation and
17% (range 0% to 30%) with tack fixation.85 In a more recent
review, the recurrence rates of anterior instability after an
arthroscopic Bankart repair ranged from 8% to 17%.210 

Decreasing recurrence rates after arthroscopic procedures are
attributed to improved surgical techniques. Today, arthroscopic
stabilization has been shown in many instances to be equal to
open stabilization at preventing recurrence for patients with
unidirectional, anterior instability.35,210,214 However, for multi-
directional instabilities, outcomes after arthroscopic stabilization
are not yet equal to outcomes after open stabilization.210

Outcomes after stabilization procedures for anterior and
posterior instabilities also have been compared. Surgical sta-
bilization of a recurrent, unidirectional anterior instability has
yielded more predictable results and lower recurrence rates
than stabilization of posterior or multidirectional instabili-
ties.11,125,161,210,228 The average recurrence rate of posterior 

instability after arthroscopic stabilization is particularly high.
One source reported a 30% to 40% rate of redislocation,196

and another reported rates as high as 50%.210 In contrast,
mean recurrence rates after anterior stabilization procedures
have been reported at 11% and 17% to 18%, respectively, for
open and arthroscopic procedures.85

As the preoperative diagnosis has improved and the selec-
tion of appropriate candidates for surgery has become better,
the recurrence of instability after posterior stabilization has
decreased. In a study160 with a mean follow-up of 39.1 months,
the recurrence rate of instability after arthroscopic posterior
stabilization was only 12.1%. The patients in this study had a
mean age of 25 years with a history of involuntary or voluntary
dislocation of the GH joint associated with acute traumatic
and chronic repetitive microtrauma.

Regarding ETAC as the primary stabilization procedure,
Hawkins and colleagues82 reported failure in 37 of 85 patients
(35%). Failures were those procedures that resulted in the
need for a revision stabilization, recurrent instabilities, or re-
calcitrant pain and stiffness. The authors noted that for their
practice, ETAC is now reserved primarily for augmentation
of plication or other procedures in special circumstances

Shoulder ROM. After open anterior stabilization and Bankart
repair, which usually requires detachment and repair of the
subscapularis, a mean loss of 12° of ER has been reported.65 It
has been suggested that there is less loss of shoulder ER after
arthroscopic procedures than after open procedures.85 How-
ever, in a nonrandomized study that compared arthroscopic
and open anterior stabilization procedures, there were not sta-
tistically significant differences in ER loss between groups with
mean decreases of 9° and 11°, respectively.35

After open GH stabilization for instability due to repetitive
microtrauma, postoperative loss of shoulder ER is the most
common reason athletes involved in overhead sports are un-
able to successfully return to competition. Loss of shoulder
rotation is reported to be less after arthroscopic stabilization
procedures, thus enabling a greater percentage of these ath-
letes to return to competition.164 Early follow-up of patients
who have undergone thermally assisted capsular stabilization
was encouraging,57 but long-term outcomes do not support
high rates of success. A large study of overhead athletes who
underwent thermally assisted stabilization followed 130 pa-
tients for a mean of 29.3 months. Of these athletes, 113 (87%)
returned to competition in a mean of 8.4 months. Although
postoperative ROM was not reported, the implication was
that the return of ROM after thermally assisted arthroscopic
stabilization was sufficient for a high percentage of athletes
being able to return to competition.164 A recent follow-up of
101 patients with mild to moderate instability who underwent
thermal capsular shrinkage for stabilization reported failure
in approximately one-third of the shoulders (31%) after a
mean of 39 months. The best outcomes (pain, instability, and
function) were noted in those with unidirectional anterior in-
stability or a concomitant labral repair.200 In contrast, a com-
parison of outcomes at 2 years showed no statistical or clinical
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differences between groups of subjects who were randomized
into open capsular shift (n = 26) or thermal shrinkage (n = 28)
groups for MDI and failed nonoperative treatment.134

Acromioclavicular and Sternoclavicular
Joint Stabilization Procedures and
Postoperative Managemen
Acromioclavicular Joint Stabilization
A grade III separation, in which the AC and coracoclavicular
ligaments are completely ruptured may be surgically stabilized
with a variety of techniques.147,167 Surgical procedures for
acute dislocations include primary stabilization of the AC joint
with Kirschner wires, Steinman pins, screws, or most recently
bioabsorbable tacks, sutures, or fiber wires. Other procedures
include a muscle-tendon transfer that moves the tip of the
coracoid process with the attached tendons of the coraco-
brachialis and short head of the biceps to the undersurface of
the clavicle154 or the Weaver-Dunn procedure, which resects
the distal clavicle and transfers the CA ligament from the
acromion to the shaft of the distal clavicle.147 Based on a small
body of evidence in the literature, it appears the best results
are achieved with primary AC and coracoclavicular stabiliza-
tion procedures. Chronic AC dislocations, which are usually
associated with degenerative changes of the AC joint, are most
often managed with distal clavicle resection coupled with cora-
coclavicular stabilization.153,167

Sternoclavicular Joint Stabilization
Although most SC dislocations are managed non-operatively,
an acute posterior dislocation of the SC joint that cannot be
successfully reduced with a closed maneuver, or an SC joint
that dislocates recurrently are both managed surgically. 
Surgical reduction of a traumatic anterior dislocation is not
recommended.166,229 Surgical options for posterior SC dislo-
cations include open reduction with repair of the stabilizing
ligaments or resection of a portion of the medial clavicle and
fixation of the remaining clavicle to the first rib or sternum
with a soft tissue graft.166,229

Postoperative Management
After surgical stabilization of either the AC or SC joint, the
shoulder is immobilized for up to 6 weeks.39 Exercise inter-
ventions are directed toward functional recovery as healing
allows. No muscles provide dynamic stabilization of the AC
and SC joints, so scapular and GH strength must be devel-
oped to provide indirect stability.

During the first few weeks of immobilization, the patient is
encouraged to perform active ROM of the wrist and hand. If
the elbow is supported on a table, the patient is permitted to
perform active ROM of the elbow and forearm. The operated
extremity, if supported, may be used for light functional activ-
ities, such as holding a utensil or typing, but weight bearing
and shoulder ROM are completely prohibited during the first 
6 weeks.39

When the immobilization can be removed, the focus of the
exercise program is restoration of shoulder and elbow mobility
and neuromuscular control of the shoulder complex. Shoulder
ROM (passive, progressing to assisted ROM), active scapular
motions, and light isometrics of the shoulder musculature are
initiated at this point. Stabilization exercises, dynamic
strengthening of the shoulder and scapula musculature, and
stretching to restore full ROM are also introduced and pro-
gressed. Functional activities are gradually integrated into the
rehabilitation program.

Exercise Interventions 
for the Shoulder Girdle

Exercise Techniques During
Acute and Early Subacute
Stages of Tissue Healing

During the protection and early controlled motion phases of
management, when inflammation is present or beginning to
resolve and healing tissues should not be stressed, early motion
may be utilized to inhibit pain, minimize muscle guarding, and
help prevent the adverse effects of complete immobilization.
It is also valuable to treat associated regions, such as the cervi-
cal and thoracic spine, the scapulae, and the remainder of the
upper extremity, to relieve stresses to the shoulder girdle and
prevent fluid stasis in the extremity.

General guidelines for management during the acute stage
are described in Chapter 10, and specific precautions for various
pathologies and surgical interventions in the shoulder are iden-
tified throughout the second major section of this chapter.

Early Motion of the Glenohumeral
Joint
Early motion is usually passive ROM (PROM) applied
within pain-free ranges. When tolerated, active-assistive ROM
(A-AROM) can be initiated. Manual PROM and A-AROM
techniques are described in detail in Chapter 3. This section
expands on self-assisted exercises.

Wand Exercises
■  Patient position and procedure: Initiate A-AROM using a

cane, wand, or T-bar in the supine position to provide sta-
bilization and control of the scapula. Motions typically per-
formed are flexion, abduction, elevation in the plane of the
scapula, and internal/external rotation (Fig. 17.21 A).

■  If it is necessary to relieve stress on the anterior capsule fol-
lowing surgical repair of the capsule or labrum, place a
folded towel under the distal humerus to position the arm
anterior to the frontal plane of the body when the patient
performs internal or external rotation (Fig. 17.21 B). 
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■  When treating a painful shoulder syndrome (primary or
secondary), grasping the wand with the forearm supinated
when performing shoulder flexion and abduction may help
encourage humeral external rotation.

Ball Rolling or Table Top Dusting
Patient position and procedure: Sitting with the arm rest-
ing on a table and hand placed on a 6- to 8-inch ball or towel
and the humerus in the plane of the scapula. Have the patient
initiate gentle circular motions of the shoulder by moving the
trunk forward, backward, and to the side, allowing the hand
to roll the ball or “dust the table.” As pain subsides, have the
patient use the shoulder muscles to actively move the ball or
cloth through greater ROMs.

Wall (Window) Washing
Patient position and procedure: Standing with the hand
supporting a towel or a ball against a smooth wall. Instruct
the patient to perform clockwise and counterclockwise cir-
cular motions with the hand by moving the towel or rolling
the ball. Progress this activity by having the patient reach
upward and outward as far as tolerated without causing
symptoms.

Pendulum (Codman’s) Exercises
Patient position and procedure: Standing, with the trunk
flexed at the hips about 90°. The arm hangs loosely downward
in a position between 60° and 90° elevation (Fig. 17.22).

■  A pendulum or swinging motion of the arm is initiated by
having the patient move their trunk in a rhythmic rocking

motion. Motions of flexion, extension, and horizontal
abduction, adduction, and circumduction can be done
depending on the direction the trunk rocks.32 Increase
the arc of motion as tolerated. This technique should not
cause pain.

■  If the patient cannot maintain balance while leaning over,
have him or her hold on to a solid structure or lie prone on
a table.

■  If the patient experiences back pain from bending over, use
the prone position.

■  Adding a weight to the hand or using wrist cuffs causes a
greater distraction force on the GH joint. Weights should
be used only when joint stretching maneuvers are indi-
cated late in the subacute and chronic stages—and then
only if the scapula is stabilized by the therapist or a belt is
placed around the thorax and scapula, so the stretch force
is directed to the joint, not the soft tissue of the scapu-
lothoracic region.

PRECAUTIONS: If a patient gets dizzy when standing upright
after being bent over, have the patient sit and rest. With increased
pain or decreased ROM, the technique may be an inappropriate
choice. Pendulum exercises are also inappropriate for a patient
with peripheral edema.

 FOCUS ON EVIDENCE
An electromyographic (EMG) analysis113 demonstrated peak
percent maximum voluntary isometric contraction greater
than 15% in the supraspinatus and infraspinatus muscles
when asymptomatic subjects performed large diameter pen-
dulum exercises, regardless of whether they were performed
correctly (using trunk motion to create GH movement) or
incorrectly (using shoulder muscles to create GH movement).
These muscle activation levels may be too high for recently
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FIGURE 17.21 Self-assisted shoulder rotation using a cane (A) with
the arm at the side and (B) in scaption. To relieve stress on the ante-
rior capsule, elevate the distal humerus with a folded towel.

FIGURE 17.22 Pendulum exercises. For gentle distraction, no
weight is used. Use of a weight causes a grade III (stretching) 
distraction force.
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repaired tissues. Smaller diameter exercises kept percent acti-
vation levels below 15% for infraspinatus and below 10% for
supraspinatus.

“Gear Shift” Exercises
Patient position and procedure: Sitting with the involved
arm at the side, holding a cane or wand with the tip resting
on the floor to support the weight of the arm. Instruct the pa-
tient to move the pole forward and back, diagonally, or later-
ally and medially in a motion similar to shifting gears in a car
with a floor shift (Fig. 17.23). 

Early Motion of the Scapula
PROM and A-AROM of the scapula are described in 
Chapter 3. During the acute phase, the side-lying position
is usually more comfortable than prone-lying. If the patient can
perform active scapular elevation/depression and protraction/
retraction, use the sitting position.

Early Neuromuscular Control
Frequently, the muscles of the rotator cuff are inhibited after
trauma or surgery.217 Initiate the following to stimulate activa-
tion and develop control in key muscles as soon as the patient
tolerates it.

Multiple-Angle Muscle Setting
Begin gentle multiple-angle muscle-setting exercises of the
internal and external rotators in pain-free positions of
humeral flexion or scapular plane elevation. Activate the

scapular and remaining GH muscles with gentle muscle-
setting techniques in positions that do not exacerbate
symptoms.

Protected Weight Bearing
In sitting in front of a table, have the patient lean onto his or
her hands or elbows and gently move from side-to-side. This
helps to seat the humeral head in the glenoid fossa and stim-
ulate muscle action.

Exercise Techniques 
to Increase Flexibility 
and Range of Motion

To regain neuromuscular control and function in the shoul-
der girdle, it may be necessary to increase flexibility in re-
stricted muscles and fascia, so proper shoulder girdle
alignment and functional ranges are possible. The principles
of muscle inhibition and passive stretching are presented in
Chapter 4. Techniques to stretch tight joints in the shoulder
girdle are discussed earlier in this chapter with reference to
Chapter 5 (joint mobilization/manipulation procedures).
Specific manual and self-stretching techniques are described
in this section.

 FOCUS ON EVIDENCE
In a randomized trial of 20 subjects with restricted GH joint
mobility, the experimental group underwent a one-time in-
tervention of soft tissue mobilization of the subscapularis, fol-
lowed by contract-relax against manual resistance to the
internal rotators, and then actively moved their extremity
through the D2 PNF pattern (flexion, abduction, and external
rotation). The control group received no treatment; they
rested for 10 minutes. The intervention group had an imme-
diate posttreatment increase in external rotation of 16.4° 
± 5.5° compared with 0.9° ± 1.5° in the control group and an
increase in overhead reach of 9.6 ± 6.2 cm compared with 
2.4 ± 4.5 cm in the control group. These increased motions
for the intervention group were significantly greater than con-
trol group increases.66 While this result is positive, because no
long-term results were evaluated it is important to stress the
need for continued self-stretching and ROM exercises as part
of the patient’s home exercise program.

Self-Stretching Techniques to Increase
Shoulder ROM
Teach the patient a low-intensity, prolonged stretch. Empha-
size the importance of not using ballistic stretches at the end
of the range.
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FIGURE 17.23 Gear shift exercise. Self-assisted shoulder rotation
using a cane. Flexion/extension and diagonal patterns also can 
be done.
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To Increase Flexion and Horizontal Adduction:
Cross-Chest Stretch
■  Patient position and procedure: Sitting or standing. Teach the

patient to horizontally adduct the tight shoulder by placing
the arm across the chest and then applying sustained over-
pressure by pulling the arm toward the chest (Fig. 17.24 A). 

NOTE: The cross-chest stretch is used to increase mobility in
the structures of the posterior GH joint, typically seen in shoul-
der impingement syndromes.129

■  Patient position and procedure: Side-lying on the affected
side, with the shoulder and elbow each flexed to 90o and
arm internally rotated. Have the patient stretch the affected
arm into horizontal adduction by reaching across the body
with the opposite arm, grasping the elbow, and lifting it off
the table. This side-lying position provides stabilization to
the scapula (Fig 17.24 B).226

To Increase Flexion and Elevation of the Arm
Patient position and procedure: Sitting with the involved
side next to the table, forearm resting along the table edge,
and elbow slightly flexed (Fig. 17.25 A). Have the patient slide
the forearm forward along the table while bending from the
waist. Eventually, the head should be level with the shoulder
(Fig. 17.25 B). 

To Increase External (Lateral) Rotation
■  Patient position and procedure: Standing and facing a door-

frame with the palm of the hand against the edge of the
frame and elbow flexed 90°. While keeping the arm against
the side or in slight abduction (held in abduction with 
a folded towel or small pillow under the axilla), have the
patient turn away from the fixed hand (Fig. 17.26 A).
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FIGURE 17.24 Self-stretching to increase horizontal adduction in
standing (A), and in the “sleeper position” to stabilize the scapula
(B).

A

B

A

B

FIGURE 17.25 (A) Beginning and (B) end positions for self-stretch-
ing to increase shoulder flexion with elevation.

A

B

FIGURE 17.26 Self-stretching to increase external rotation of the
shoulder (A) with the arm at the side using a doorframe and (B) with
the arm in the plane of the scapular using a table to stabilize the
forearm.
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■  Patient position and procedure: Sitting at the side of a table
with the forearm resting on the table and elbow flexed 
to 90°. Have the patient bend from the waist, bringing the
head and shoulder level with the table (Fig. 17.26 B). 

PRECAUTION: Avoid the stretch position (illustrated in 
Figure 17.26 B) if there is anterior GH instability.

To Increase Internal Rotation
■  Patient position and procedure: Standing facing a doorframe

with the elbow flexed to 90° and the back of the hand
against the frame. Have the patient turn his or her trunk
toward the fixed hand.

■  Patient position and procedure: Side-lying on the affected
side, with the shoulder and elbow each flexed to 90° and
arm internally rotated to end position (“sleeper” position).
Have the patient then push the forearm toward the table
with the opposite hand (Fig. 17.27). 

 FOCUS ON EVIDENCE
The horizontal cross-chest stretch described earlier in this sec-
tion (see Fig 17.24) can also increase GH internal rotation
ROM. In subjects with loss of GH internal rotation of at least 10°
compared to their contralateral shoulder, performing this
stretch five times daily for 30 seconds over a 4-week duration
significantly increased GH internal rotation and total GH ro-
tation compared to the opposite shoulder and to a control
group.129 Similar results were reported in another study using
the horizontal adduction stretch,122 while the side-lying
“sleeper” stretch (see Fig. 17.24B) has also been shown to ef-
fectively increase GH internal rotation, total GH rotation, and
reaching up the back compared to the opposite shoulder.129

To Increase Abduction and Elevation 
of the Arm
Patient position and procedure: Sitting with the side next
to a table, the forearm resting with palm up (supinated) on
the table and pointing toward the opposite side of the table

(Fig. 17.28 A). Have the patient slide his or her arm across the
table as the head is brought down toward the arm and the
thorax moves away from the table (Fig. 17.28 B).

To Increase Extension of the Arm
Patient position and procedure: Standing with the back to
the table, both hands grasping the edge with the fingers facing
forward (Fig. 17.29 A). Have the patient begin to squat while
letting the elbows flex (Fig. 17.29 B). 

PRECAUTION: If a patient is prone to anterior subluxation or
dislocation, this stretching technique should not be done.
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FIGURE 17.27 Self-stretching in the “sleeper position” to increase 
internal rotation of the shoulder using a table to stabilize the humerus.

A

B

FIGURE 17.28 (A) Beginning and (B) end positions for self-stretching
to increase shoulder abduction with elevation.

FIGURE 17.29 (A) Beginning and (B) end positions for self-stretch-
ing to increase shoulder extension.

A B
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To Increase Internal Rotation, Extension, 
and Scapular Tilting
Patient position and procedure: Sitting or standing. Have
the patient hold each end of a towel or a wand with one arm
overhead and the arm to be stretched behind the lower back,
and then pull up on the towel (or wand) with the overhead
hand (see position in Fig. 17.13). This stretch is used to in-
crease the ability to reach behind the back. It is a generalized
stretch that does not isolate specific tight tissues. Before using
it, each component of the motion should be stretched, so no
one component becomes overstretched relative to the other
components.

PRECAUTION: If a patient has anterior or multidirectional 
GH joint instability or has had recent anterior stabilization sur-
gery to correct a dislocated shoulder, this stretch should not be
done until late in the rehabilitation program when the capsule
is well healed, because it forces the head of the humerus
against the anterior capsule.

Manual and Self-Stretching Exercises
for Specific Muscles
Manual stretching of specific multijoint muscles that affect
alignment of the shoulder girdle are presented in this section
along with self-stretching techniques for these muscles.

To Stretch the Latissimus Dorsi Muscle

Manual Stretch
Patient position and procedure: Supine, with hips and
knees flexed so the pelvis is stabilized in a posterior pelvic tilt.
If necessary, provide additional stabilization to the pelvis with
one hand. With the other hand, grasp the distal humerus and
flex, laterally rotate, and partially abduct the shoulder to the
end of the available range. Have the patient contract into 
extension, adduction, and medial rotation while providing 
resistance for a hold–relax maneuver. During the relaxation
phase, elongate the muscle (see Fig. 4.16 B).

Self-Stretch
■  Patient position and procedure: Hook-lying with the pelvis

stabilized in a posterior pelvic tilt and the arms flexed, lat-
erally rotated, and slightly abducted overhead as far as pos-
sible (thumbs pointing toward floor). Allow gravity to
provide the stretch force. Instruct the patient not to allow
the back to arch.

■  Patient position and procedure: Standing with back to a wall
and feet forward enough to allow the hips and knees to par-
tially flex and flatten the low back against the wall, with the
arms in a “hold-up” position (abducted 90° and laterally
rotated 90° if possible). Tell the patient to slide the back of
the hands up the wall as far as possible without allowing
the back to arch.

NOTE: This exercise is also used to activate the lower trapezius
and serratus anterior, as they upwardly rotate and depress the
scapulae during humeral abduction.

To Stretch the Pectoralis Major Muscles

Manual Stretch
Patient position and procedure: Sitting on a treatment
table or mat, with the hands behind the head. Kneel behind
the patient and grasp the patient’s elbows (Fig. 17.30). Have
the patient breathe in as he or she brings the elbows out 
to the side (horizontal abduction and scapular adduction).
Hold the elbows at this end point as the patient breathes out.
No forceful stretch is needed against the elbows, because the
rib cage is elongating the proximal attachment of the pec-
toralis major muscles bilaterally. As the patient repeats the in-
halation, again move the elbows up and out to the end of the
available range and hold as the patient breathes out. Repeat
only three times in succession to avoid hyperventilation.

PRECAUTION: Hyperventilation should not occur, because
the breathing is slow and comfortable. If the patient does be-
come dizzy, allow time to rest; then reinstruct for proper tech-
nique. Be sure the patient maintains the head and neck in the
neutral position, not forward.

Self-Stretch
■  Patient position and procedure: Standing, facing a corner or

open door, with the arms in a reverse T or a V against the
wall (Fig. 17.31 A & B). Have the patient lean the entire
body forward from the ankles (knees slightly flexed). The
degree of stretch can be adjusted by the amount of forward
movement. 

■  Patient position and procedure: Sitting or standing and
grasping the wand with the forearms pronated and elbows
flexed 90°. Have the patient then elevate the shoulders and
bring the wand behind the head and shoulders (Fig. 17.32).
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FIGURE 17.30 Active stretching of the pectoralis major muscle.
The therapist gently pulls the elbows posteriorly while the patient
breathes in and then holds the elbows at the end point as the 
patient breathes out.
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The scapulae are adducted, and the elbows are brought out
to the side. Combine with breathing by having the patient
inhale as he or she brings the wand into position behind the
shoulders; then exhale while holding this stretched position. 

To Stretch the Pectoralis Minor Muscle 

Manual Stretch  VIDEO 17.1
Patient position and procedure: Sitting, place one hand
posterior on the scapula and the other hand anterior on the
shoulder just above the coracoid process (Fig. 17.33). As the
patient breathes in, tip the scapula posteriorly by pressing up

and back against the coracoid process while pressing down-
ward against the inferior angle of the scapula; then hold it at
the end position while the patient breathes out. Repeat, read-
justing the end position with each inhalation and stabilizing
as the patient exhales. 

Self-Stretch
Patient position and procedure: Standing with the involved
humerus at 90° abduction and elbow at 90° flexion and the fore-
arm stabilized against a doorway. Instruct the patient to rotate
the trunk away from the involved shoulder until a stretch is
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FIGURE 17.31 Self-stretching the pectoralis major muscle with the arms in a reverse-T position to stretch (A) the clavicular portion and in 
a V-position to stretch (B) the sternal portion.

A B

FIGURE 17.32 Wand exercises to stretch the pectoralis major 
muscle. FIGURE 17.33 Active stretching of the pectoralis minor muscle. The

therapist holds the scapular and coracoid process at the end point as
the patient breathes out.
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felt.17 Note that this stretch may not be appropriate for patients
with anterior instability, as this is their position of apprehension
and it may overly strain the anterior GH joint restraints.

To Stretch the Levator Scapulae Muscle
NOTE: The levator scapulae muscle attaches to the superior
angle of the scapula and causes it to rotate downward and el-
evate; it also attaches to the transverse processes of the upper
cervical vertebrae and causes them to backward bend and ro-
tate to the ipsilateral side. To minimize stress to the cervical
spine, it is recommended that the cervical spine and head be
placed at end-range and stabilized and that the stretch force
be applied against the scapula.

Manual Stretch  VIDEO 17.1
Patient position and procedure: Sitting with the head ro-
tated opposite to side of tightness (looking away from the
tight side) and forward bent until a slight pull is felt in the
posterolateral aspect of the neck. The arm on the side of tight-
ness is abducted, and the hand is placed behind the head to
help stabilize it in the rotated position. Stand behind the pa-
tient and stabilize with one arm; place the other hand (same
side as the tight muscle) over the superior angle of the scapula
(Fig. 17.34). With the muscle now in its stretched position,
have the patient breathe in, then out. Hold the shoulder and
scapula down to maintain the stretch as the patient breathes
in again (he or she contracts the muscle against the resistance
of the fixating hand). To increase the stretch, press down
against the superior angle of the scapula. This is not a forceful
stretch but a gentle hold-relax maneuver. Do not stretch the
muscle by forcing rotation on the head and neck. 

wall. The other hand can be placed across the forehead to
stabilize the rotated head. Instruct the patient to slide the
elbow up the wall as he or she takes in a breath, then hold
the position while exhaling (Fig. 17.35 A).

■  Patient position and procedure: Sitting with head side bent
and rotated away from the tight side. To stabilize the
scapula, have the patient reach down and back with the
hand on the side of the tightness and hold onto the seat of
the chair. The other hand is placed on the head to gently
pull it forward and to the side in an oblique direction op-
posite the line of pull of the tight muscle (Fig. 17.35 B). 
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FIGURE 17.34 Stretching of the levator scapulae muscle. The ther-
apist stabilizes the head and scapula as the patient breathes in, con-
tracting the muscle against the resistance. As the patient relaxes,
the rib cage and scapula depress, which stretches the muscle.

A B

FIGURE 17.35 Self-stretching of the levator scapulae muscle 
(A) using upward rotation of the scapula and (B) using depression 
of the scapula.

To Stretch the Upper Trapezius Muscle

Manual Stretch
■  Patient position and procedure: Sitting with the ipsilateral

hand behind the back to stabilize the scapula and the head
rotated to the tight side. Stand behind the patient and apply
the stretch by adding a combination of cervical flexion, fur-
ther rotation to the tight side, and side bending away from
the tight side. A more aggressive manual stretch can be 
performed by using the other hand to depress the distal
clavicle and the scapula.

PRECAUTION: Applying a stretch force against the head
should not be done if the patient has cervical symptoms.

Self-Stretch

Patient position and procedure: Sitting or standing with
the ipsilateral hand behind the back to stabilize the scapula.
Instruct the patient to rotate his neck toward the tight side,
then side bend away from the tight side and then add neck
flexion. The patient may use the contralateral arm to grasp
his or her own head to apply the stretch (Fig. 17.36).

Self-Stretch
■  Patient position and procedure: Standing with the head side

bent and rotated away from the tight side, place the ipsilat-
eral hand behind the head and the bent elbow against a
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Exercises to Develop and
Improve Muscle Performance
and Functional Control

Developing control of the scapulothoracic and GH musculature
is fundamental to correcting pathomechanics of the shoulder
girdle and for improving strength, muscle endurance, power,
and performance of functional activities. During observation
of scapular alignment and movement, if excessive scapular tilt-
ing, winging, or poorly coordinated scapulohumeral rhythm
during humeral elevation is identified, it is important to correct
these faulty mechanics with properly chosen exercises. Likewise,
insufficient stabilization and control of GH rotation and trans-
lation during humeral elevation necessitate the selection of ex-
ercises that emphasize training the rotator cuff musculature.

■  The exercises described in the following sections begin at
the simplest or least stressful level and progress to more
complex and difficult levels.

■  Exercises also progress from uniplanar or isolated muscle
activation to use of combined, functional patterns.

■  Initially, choose exercises that help the patient focus on 
activating correct muscles with appropriate timing and 
sequencing to counteract the identified impairments.

■  Then increase the challenge by emphasizing patterns of 
exercises that prepare the musculature to respond to 
functional demands.

Regardless of the level of exercise, it is important to challenge
patients at intensities they can meet so they can safely progress
to more intense levels. Before teaching the resistance exercises
and functional training activities presented in this section, it is
important that the reader understands and applies the principles
of resistance exercise, open- and closed-chain training, speci-
ficity of training, aerobic conditioning, and balance training de-
scribed in Chapters 6 through 8. It is also important to apply
the principles of tissue healing described in Chapter 10 and in-
tegrate the precautions for exercise associated with various
shoulder pathologies and surgical interventions presented in
this chapter. Because posture has a direct effect on the function

of the shoulder complex, refer to Chapters 14 and 16 for prin-
ciples and exercises to correct postural impairments that might
underlie faulty shoulder mechanics. In addition to the exercises
described in this section, high-demand exercises, such as plyo-
metric training216 and advanced activities for balance and sta-
bility, that may be appropriate in a shoulder rehabilitation
program for selected individuals are presented in Chapter 23.

Box 17.11 summarizes a sequence for progressing exercises
to improve muscle performance and shoulder girdle function
and move an individual toward functional recovery.

Isometric Exercises
Isometric exercises are applied along a continuum of very gen-
tle to maximum contraction, and they are applied at varying
muscle lengths by changing joint angles. Choice of the intensity,
muscle length, or joint angle and the number of repetitions is
based on current strength, stage of recovery after injury or sur-
gery, and/or the pathomechanics of the region.
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FIGURE 17.36 Self-stretching of the upper trapezius muscle.

BOX 17.11 Summary of Exercise Progressions
for Shoulder Function

■ Develop awareness and control of weak or disused muscles.
Place emphasis on activating scapulothoracic and trunk
musculature prior to glenohumeral musculature.

■ For weak or surgically repaired musculature, begin with
setting exercises and multiple-angle isometrics against
minimal resistance and active-assistive ROM in open- and
closed-chain positions within pain-free or protected ranges.

■ Provide just enough resistance and repetitions to challenge
the muscles without provoking symptoms.

■ Include concentric and eccentric exercises.
■ Develop control in postural muscles for stability of scapular

and glenohumeral joints with stabilization exercises in both
open- and closed-chain positions.

■ As stabilizing control develops in the scapula and GH
muscles, progress to dynamic resistance exercises,
emphasizing scapular and rotator cuff muscle control
during open- and closed-chain motions.

■ First isolate and strengthen weak motions and muscles so
substitute motions and inappropriate timing of muscle
actions do not dominate.

■ Develop muscle endurance simultaneously with muscle
strength.

■ Progress to combined movement patterns that simulate
functional activities and train muscle groups to function in
a coordinated sequence of control and motion.

■ Integrate simple functional tasks into the exercise program
and progress to more complex and challenging activities,
always incorporating proper body mechanics.

■ Implement total body exercises to improve cardiopulmonary
endurance and balance.

■ As necessary, based on functional goals, incorporate high-
intensity eccentric exercises and plyometric training (stretch-
shortening drills)216 and agility drills at increasing speeds of
movement into the shoulder rehabilitation program.
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Scapular Muscles
Patient position and procedure: Side-lying, prone-lying, or
sitting, with the arm supported if necessary. Resist elevation,
depression, protraction, or retraction with pressure directly
on the scapula in the direction opposite the motion.

Depression (lower trapezius). Activation of the lower
trapezius is indicated when there is anterior tilting and delayed
upward rotation of the scapula often seen with impingement
syndromes. Apply resistance against the inferior angle of the
scapula (Fig. 17.37 A).

Protraction (serratus anterior). Activation of the serratus
anterior is emphasized when there is scapular winging, de-
layed or incomplete upward rotation of the scapula with GH
elevation, or with accelerated downward rotation (“dump-
ing”) of the scapula during arm lowering. Apply resistance
against the axillary border of the scapula or coracoid process
or indirectly against the humerus positioned in the plane of
the scapula (Fig. 17.37 B). 

Retraction (rhomboids and trapezius). Activation of the
rhomboids and trapezius muscle groups is emphasized when

the scapular posture is protracted (abducted), as typically seen
with a forward head and increased kyphotic posture. Apply
resistance against the medial border of the scapula.

Multiple-Angle Isometrics: GH Muscles
Patient position and procedure: Supine, sitting, or stand-
ing. If pain from joint compression occurs, a slight distractive
force to the GH joint as resistance is applied may decrease 
patient discomfort.

External and internal rotation. Position the humerus at
the patient’s side in slight flexion, slight abduction, or slight
scapular plane elevation and the elbow flexed 90°. Apply 
resistance against the dorsal surface of the forearm to resist
external rotation (Fig. 17.38 A) and to the volar surface to 
resist internal rotation (Fig. 17.38 B). 

Abduction. Maintain the humerus neutral to rotation
and resist abduction at 0°, 30°, 45°, and 60°. If there are no
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FIGURE 17.37 Isometric or dynamic manual resistance to scapular
muscles. (A) Resistance to elevation/depression. (B) Resistance to
protraction/retraction. Direct the patient to reach across the thera-
pist’s shoulder to protract the scapula while the therapist resists
against the coracoid and acromion process. The therapist’s other
hand is placed behind the scapula to resist retraction.

FIGURE 17.38 Isometric or dynamic resistance to shoulder rota-
tion. (A) External rotation with the shoulder in the plane of the
scapula. (B) Internal rotation with the shoulder at 90° abduction.

A

B

5850_Ch17_546-622  24/08/17  10:53 AM  Page 603



contraindications to motion above 90°, preposition the
humerus in external rotation before elevating the humerus
and resisting above 90° abduction.

Scapular plane elevation. Position midway between flexion
and abduction and resist at various positions in the range,
such as 30° and 60° in the plane of the scapula (Fig. 17.39). 

Extension. Position the humerus at the side or in various
positions of flexion and apply resistance against the humerus.

Adduction. Position the humerus between 15° and 30° abduc-
tion and apply resistance against the humerus.

Elbow flexion with forearm supination. Position the
humerus at the side and neutral to rotation. Apply resistance
to forearm flexion, causing tension in the long head of the
biceps. Change the position of the shoulder into more flexion
or extension and repeat the isometric resistance to elbow
flexion.

Self-Applied Multiple-Angle Isometrics
Teach the patient how to independently apply isometric resist-
ance using positions and intensities consistent with therapeutic
goals. The patient can use the opposite hand (Fig. 17.40) or a
stationary object, such as a wall or door frame (Fig. 17.41).

Stabilization Exercises
The application of alternating isometrics and rhythmic 
stabilization techniques (described in Chapter 6) is de-
signed to develop strength and stability of proximal muscle
groups in response to shifting loads. The shoulder girdle
functions in both open- and closed-chain activities, and
therefore, the muscles should be trained to respond to both
situations.

■  Begin training the scapular muscles so that when the mus-
cles of the GH joint contract, they have a stable base on
which to produce force (scapular stability).

■  Initially, apply the alternating resistance slowly and instruct
the patient to “hold” against the resistance.

■  At the beginning of training, it also may be necessary to 
tell the patient which way you are going to push to help the
patient focus on the contracting muscles and alternating
forces.

■  As the patient learns to respond by contracting the proper
muscles and stabilizing the joints, increase the rapidity 
of the shifting resistance and decrease the verbal cues to 
enhance automatic responses.
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FIGURE 17.39 Isometric resistance in scapular plane elevation. The
shoulder is positioned between 30° and 60° degrees of elevation,
and controlled manual resistance is applied against the humerus.

A B C

FIGURE 17.40 Self-resistance for isometric shoulder (A) flexion, (B) abduction, and (C) rotation.
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Open-Chain Stabilization Exercises 
for the Scapular Muscles  VIDEO 17.2
Begin with the patient side-lying, with the affected extremity
up. Drape the forearm of the involved extremity over your
shoulder. The degree of shoulder flexion, scaption, or abduc-
tion can be controlled by your stance and the relative position
of the patient. Progress to sitting with the patient’s arm
draped over your shoulder; apply resistance to all scapular
motions in the same manner as described previously.

Scapular elevation/depression. Place your top hand supe-
riorly and the other hand inferiorly around the scapula to
provide manual resistance (see Fig. 17.37 A).

Scapular protraction/retraction. Place your top hand along
the medial border and the other around the coracoid process
to provide resistance (see Fig. 17.37 B).

Scapular upward and downward rotation. Place one
hand around the inferior angle and the other hand around
the acromion and coracoid process to provide resistance.

Open-Chain Stabilization Exercises 
for the Shoulder Girdle
Patient position and procedure: Supine holding a rod or
ball with elbows extended and shoulders flexed to 90°. Stand
at the patient’s head and grasp the rod; instruct the patient to
hold against or match the resistance you provide. Push, pull,
and rotate the rod in various directions (Fig. 17.42). Resist-
ance can also be applied directly against the arm or forearm.

■  If too much assistance is being provided by the normal 
extremity, apply the stabilization technique to just the 
involved extremity.

■  As the patient gains control, progress to sitting and then
standing and have the patient hold the arm in various po-
sitions as alternating resistance is applied. Observe the
scapula to be sure there is good stabilization. If not, return
to the exercises described above or decrease the intensity

of resistance. Progress these exercises to functional patterns
as strength and control improve.

CLINICAL TIP
Studies have documented that when healthy individuals110 or
patients with shoulder instability26 use the BodyBlade® during
dynamic GH exercises (see Fig. 23.17), such as shoulder flex-
ion and abduction, the scapulothoracic stabilizing muscles
are activated to a greater extent than when the exercises are
performed using weights or elastic resistance.
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FIGURE 17.42 Stabilization exercises. The patient stabilizes with the
shoulder girdle musculature (isometrically) against the resistance im-
posed by the therapist. Resistance to flexion/extension, abduction/
adduction, and rotation is applied in a rhythmic sequence.

CBA

FIGURE 17.41 Using a wall to provide resistance for isometric shoulder (A) flexion, (B) abduction, and (C) rotation.

5850_Ch17_546-622  24/08/17  10:53 AM  Page 605



Static Closed-Chain (Weight-Bearing)
Stabilization Exercises
Weight bearing activates the stabilizing muscles in proximal
joints and may be a stimulus for improving fluid dynamics of
articular cartilage as described in Chapter 5. Early during the
controlled motion phase of management, it may be beneficial
to initiate stabilization exercises in protected weight-bearing
positions if tolerated by the healing tissues. The amount and
intensity of weight bearing and resistance are progressively
increased as tissues heal.

NOTE: If scapular winging occurs when the patient is weight
bearing, do not progress these exercises until there is enough
strength to stabilize the scapula against the rib cage.

 FOCUS ON EVIDENCE
To help determine when upper extremity weight-bearing exer-
cises could be included in an exercise program, Uhl and col-
leagues206 analyzed the pectoralis major, anterior and posterior
deltoid, supraspinatus, and infraspinatus with surface EMG in
a progression of static exercises in 18 healthy subjects. Positions
for isometric exercises included the prayer position (to simulate
weight bearing against a wall), quadruped, tripod, pointer,
push-up position (shoulders flexed to 90°), push-up position
with feet elevated 18 inches (45 cm), and one-arm push-up po-
sition. There was a significant correlation between the increas-
ing weight-bearing postures and increased muscular activity 
(r = 0.97, p < 0.01) in all the muscles. Also, the infraspinatus
was the most active of the muscles tested in all positions 
except the prayer position (in which the pectoralis major was
most active).

The authors suggest that the prayer and quadruped posi-
tions were appropriate for early rehabilitation owing to the

low-activity level in all the muscles; that the tripod and pointer
positions placed an intermediate demand on the infraspinatus
and deltoid musculature; and that the push-up positions
placed a high demand on the infraspinatus. They also conclude
that the two-handed positions required less demand on the
posterior deltoid but more load on the anterior deltoid and
pectoralis muscles and that the one-arm push-up placed a high
demand on all muscles except the supraspinatus.

■  Scapular stabilization.

Patient position and procedure: Side-lying on the uninvolved
side. Both the elbow and shoulder of the involved arm are flexed
to 90°, with the hand placed on the table and bearing some
weight. Resist the scapular motions of elevation/depression and
retraction directly against the scapula; resist protraction by
pushing against the elbow.

■  Alternating isometrics in protected weight bearing.
VIDEO 17.3

Patient position and procedure: Sitting with forearms
placed on thighs or a table or standing with hands placed on
a table. Lean forward slightly to place light body weight
through the extremities. Apply gentle resistance against the
shoulders and ask the patient to match the resistance and
“hold.” Apply resistance in various directions.

■  Progression of closed-chain stabilization exercises.

Patient position and procedure: Standing with shoulder at
90° and one or both hands leaning against a wall or on a ball
(Fig. 17.43). 

■ Additional, more advanced activities include having the
patient assume the quadruped (all-fours) position with
hands on the floor. Apply alternating resistance against
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FIGURE 17.43 Closed-chain scapular and glenohumeral stabilization exercises. (A) Bilateral support in a minimal weight-bearing position with
both hands against a wall. (B) Unilateral support on a less stable surface (ball). The therapist applies alternating resistance while the patient 
stabilizes against the resistance, or the therapist applies resistance as the patient moves from side-to-side.

A B
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the shoulders or trunk and ask the patient to “hold”
against the force. Pressing forward against the trunk 
increases the effect of body weight through the upper
extremities and requires the serratus anterior to stabilize
more strongly against the additional force. As already
noted, if scapular winging occurs, reduce the resistance
or the degree of weight bearing.

■ Progress further by placing hands on unstable surfaces,
such as a rocker or wobble board or on a ball, to require
greater neuromuscular control and balance reactions.
Each of these activities also can be done with weight
bearing on only the involved upper extremity.

Dynamic Closed-Chain (Weight-Bearing)
Stabilization Exercises
Dynamic stabilization in weight-bearing positions requires the
stabilizing muscles to maintain control of the scapula and GH
joint while moving the body weight over the fixed extremity
or extremities.

■  Patient position and procedure: Standing with shoulders
flexed 90° and hands supported against a wall or leaning into
hands on a table. Have the patient shift his or her body
weight from one extremity to the other (rock back and
forth). Apply resistance against the shoulders (see Fig. 17.43).

■  Progression: Have the patient alternately lift one upper ex-
tremity and then the other, so that one extremity bears the
body weight and stabilizes against the shifting load.
■ Apply manual resistance to the shoulders or strap a

weight around each wrist.
■ Apply manual resistance to the shoulders or trunk that

becomes more variable in direction, timing, and amount
of force.

■  Patient position and procedure: Quadruped (all-fours) po-
sition with both hands on a stable surface; have the patient
raise the ipsilateral and then contralateral leg to increase
serratus activity and lower trapezius activity respectively.118

■ Progression: Perform with both hands on a rocker board,
wobble board, or BOSUTM or perform alternating leg
raises while only one hand bears weight on a stable or
unstable support surface (see Chapter 23).

Dynamic Strengthening Exercises:
Scapular Muscles
It is imperative that the proximal stabilizing muscles of the
thorax, neck, and scapula function properly before initiating
dynamic strengthening of the muscles that move the GH joint
through the ROM to avoid faulty mechanics. Strengthening
exercises can be performed in both open- and closed-chain
positions. Progress exercises with repetitions and resistance
within the mechanical limits of the involved tissues.

Initially apply light resistance with multiple repetitions for
dynamic control and muscular endurance. As control devel-
ops, progress to combined patterns of motion and training
for muscle groups to function in a coordinated sequence.
Begin with simple functional activities and progress to more
complex and challenging activities. Both muscular endurance

and strength are necessary for postural and dynamic control
of activities.

 FOCUS ON EVIDENCE
A number of studies have been carried out to identify muscle
activation during a variety of exercises for the shoulder gir-
dle. Two EMG studies51,86 analyzed exercises often used to
strengthen the scapular muscles using either free weights or
elastic tubing against maximum resistance. The findings of
these two studies and a subsequent review of the literature162

report the degree of trapezius and serratus anterior muscle
activation during the following exercises:

■  Shoulder shrug, standing: strongly activates the upper
trapezius.

■  Full elevation of the arm above the head in the prone-lying
position: activates all three portions of the trapezius and
serratus anterior when the humerus is in line with the
fibers of the lower trapezius.

■  External rotation in the prone-lying position with the shoul-
der positioned at 90° abduction and the elbow flexed 90°:
strongly activates the lower trapezius. This position is the
“best exercise” to cause maximum depression of the
scapula and isolation of the lower trapezius from the mid-
dle and upper portions.51

■  Horizontal abduction in the prone-lying position with the
shoulder in external rotation: activates the middle and lower
trapezius.

■  Rowing action, seated or prone-lying: emphasizes the middle
trapezius over the upper and lower trapezius.162

■  Push-up with a plus: strong activation of serratus anterior.162

■  Diagonal exercises and shoulder abduction in the plane of the
scapula above 120°: higher activity in the serratus anterior
than in the trapezius.

■  Isolated protraction exercises: do not activate the serratus
anterior to as great a degree as arm elevation exercises.51

In another study, based on evidence suggesting that upper
trapezius activation should be minimized compared to acti-
vation of other scapulothoracic muscles during movement,
Cools and associates36 examined several exercises for the ac-
tivation ratios among the muscles. Favorable exercises (those
with decreased upper trapezius activation and increased
lower or middle trapezius activation) included side-lying
flexion, side-lying external rotation, prone horizontal abduc-
tion with humeral external rotation, and prone extension.
Favorable exercises for decreased upper trapezius and in-
creased serratus anterior activation included high rowing
and arm elevation with humeral external rotation in both
the sagittal and scapular planes.

Scapular Retraction (Rhomboids and Middle
Trapezius)
The following exercises are designed to isolate scapular re-
traction. Once the patient is able to retract the scapula against
resistance, combine patterns with the GH joint to progress
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strength and functional patterns as described in the next 
sections.

■  Patient position and procedure: Prone, sitting, and standing.
Instruct the patient to clasp the hands together behind the
low back. This activity should cause scapular adduction.
Draw attention to the adducted scapulae and have the 
patient hold the adducted position of the scapulae while
the arms are lowered to the sides. Have the patient repeat
the activity without arm motion.

■  Patient position and procedure: Prone with the arm over the
edge of the table in a dependent position and a weight in the
hand. Instruct the patient to pinch the scapulae together
(Fig. 17.44). Progress this exercise to prone rowing and hor-
izontal abduction against gravity (described below). 

■  Corner press-out.
Patient position and procedure: Standing with the back toward
a corner, shoulders abducted 90°, and elbows flexed. Instruct
the patient to press the elbows into the walls and push the
body weight away from the corner (Fig. 17.46). 

Scapular Retraction and Shoulder Horizontal
Abduction Combined With External Rotation
(Rhomboids, Trapezius, Posterior Deltoid,
Infraspinatus, Teres Minor)
■  Patient position and procedure: Prone with shoulders ab-

ducted 90° and externally rotated 90° (90/90 position). The
elbows can be flexed 90° (easier position) or extended
(more difficult position). Instruct the patient to lift the arm
a few degrees off the table. To do this correctly, the scapulae
must adduct simultaneously. Greater ROM can be used if
these exercises are done on a narrow bench so the arm can
begin in a horizontally adducted position.

■  Patient position and procedure: Sitting or standing with
shoulders in the 90/90 position. Secure the middle of a
piece of elastic resistance in front of the patient slightly
above the shoulders and have the patient grasp each end of
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FIGURE 17.44 Scapular retraction against handheld resistance in
the prone position.

■  Patient position and procedure: Sitting or standing with the
shoulder flexed to 90° and elbows extended. Have the pa-
tient grasp each end of an elastic band or tubing that has
been secured at shoulder level or a two-handled pulley that
is at shoulder level, and pinch the scapulae together by
pulling against the resistance.

Scapular Retraction Combined With Shoulder
Horizontal Abduction/Extension (Rhomboids,
Middle Trapezius, Posterior Deltoid)
■  Patient position and procedure: Prone with shoulders ab-

ducted 90°, elbows flexed, and forearms perpendicular to
the floor. Instruct the patient to perform horizontal abduc-
tion with scapular retraction. This exercise can also be done
with the elbows extended for greater resistance (Fig. 17.45).
Progress this exercise by adding weights and then by having
the patient perform the rowing motion standing or sitting
in front of a length of elastic resistance that has been secured
at shoulder level. 

FIGURE 17.45 Horizontal abduction and scapular retraction exer-
cises, with the arms positioned for maximal resistance from gravity.
External rotation of the shoulders (thumbs pointing upward) empha-
sizes the middle and lower trapezius. To progress the exercise fur-
ther, weights can be placed in the patient’s hands.

FIGURE 17.46 Corner press-out to strengthen scapular retraction
and shoulder horizontal abduction (view from above).
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the resistance. Then have the patient pull the hands and el-
bows back (moving into horizontal abduction and external
rotation of the shoulder) while simultaneously adducting
the scapulae (Fig. 17.47).  VIDEO 17.4

Scapular Protraction (Serratus Anterior)
■  Patient position and procedure: Sitting or standing with

shoulder flexed approximately 90° and elbow extended. Se-
cure a piece of elastic resistance behind the patient at shoul-
der level or use a pulley system. Have the patient “push”
outward against the resistance without rotating the body
(Fig. 17.48). 

■  Patient position and procedure: Supine with the arm flexed
90° and slightly abducted and the elbow extended. Place a
light weight in the hand if resistance is tolerated and have
the patient “push” the weight upward without rotating the
body.

CLINICAL TIP
According to a study by Ekstrom and colleagues,51 isolated
protraction exercises do not activate the serratus anterior as
effectively as exercises that involve dynamic upward rotation
of the scapula as occurs during arm elevation.

■  Push-ups with a “plus.”  VIDEO 17.5
Patient position and procedure: Standing and leaning on 
forearms or hands against a wall. Have the patient place his
or her forearms or hands directly in front or slightly to the
side of the shoulders and push the trunk away from the wall.

Then have the patient “give an extra push” to protract the
scapulae. Progress wall push-ups to table push-ups, then to
prone push-ups on the knees, and finally prone push-ups on
the toes with knees extended (Fig. 17.49). Add weight around
the trunk if the patient is able to tolerate greater resistance. 

■  Push-ups with a “plus” with leg lifts.
Patient position and procedure: Quadruped (all-fours) po -
sition. Perform a push-up with a “plus” on a stable surface.
Then alternately lift the lower extremities. Progress to an un-
stable surface (see Chapter 23 for examples).

CLINICAL TIP
A study examining scapulothoracic muscle activation com-
pared activation during variations of the push-up with a “plus”
exercise performed while in the quadruped position. The find-
ings of this study demonstrated that raising the ipsilateral leg
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FIGURE 17.47 Combined scapular retraction with shoulder hori-
zontal abduction and external rotation against resistance.

FIGURE 17.48 Scapular protraction; pushing against elastic 
resistance.

FIGURE 17.49 Push-ups with a “plus” to strengthen scapular 
protraction.
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during the push-up with a “plus” increased serratus anterior
activity, whereas raising the contralateral leg increased lower
trapezius activity.118

Scapular Depression (Lower Trapezius, Lower
Serratus Anterior)
■  Patient position and procedure: Sitting with elbow flexed.

Provide manual resistance in an upward direction under
the elbow, and ask the patient to push down into your
hands. Caudal gliding of the humeral head may also occur
(Fig. 17.50 A).

■  Upright press-up.  VIDEO 17.5
Patient position and procedure: Sitting or standing with both
hands on blocks, the armrests of a chair, or parallel bars. Have
the patient push down on the hands and lift the body. After
the elbows are fully extended, emphasize scapular depression.
(Fig. 17.50 B). 

Scapular Upward Rotation With Depression
(Lower Trapezius, Serratus Anterior)
Scapular upward rotation with depression cannot be iso-
lated from movement of the humerus. The upward rotation
action of the trapezius and serratus anterior requires coor-
dination with humeral elevation. As noted elsewhere in this
chapter, a patient may substitute with scapular elevation,
primarily using the upper trapezius, so this exercise draws
attention to maintaining the scapula in depression while 
upwardly rotating.

■  Arm slide against a wall.
Patient position and procedure: Standing with the back to
the wall, heels away from the wall enough to comfortably do
a posterior pelvic tilt and maintain the back flat against the
wall. Begin with arms slightly abducted and externally rotated
and the elbows flexed 90°. The backs of the arms should be
against the wall. Have the patient slide the hands and arms up
the wall (abduction) as far as possible while maintaining the
back flat against the wall.

■  “Superman” motion prone.
Patient position and procedure: Prone, with humerus 
elevated overhead. Ask the patient to barely lift the arm 
off the table. This end-range motion may not be possible
for patients with restricted GH mobility or impingement
syndrome.

■  “Superman” motion upright.
Patient position and procedure: Sitting or standing with arms
in a comfortable overhead position. (This position can be
used if the patient has a tight shoulder and cannot assume the
“superman motion” while lying prone.) Secure elastic resist-
ance overhead in front of the patient. Instruct the patient to
move the shoulder into greater flexion with scapular depres-
sion. The scapular depression is most important; it may be
necessary to use tactile cues on the lower trapezius to help the
patient focus on scapular depression, not scapular elevation
(Fig. 17.51).

Dynamic Strengthening Exercises:
Glenohumeral Muscles
Dynamic strength of GH musculature coupled with strength
of the scapular stabilizers is necessary for active, pain-free
movement of the shoulder girdle during functional activities.
Open- and closed-chain strengthening exercises should be in-
corporated into a shoulder rehabilitation and injury preven-
tion program. Many of the exercises used to strengthen
scapular muscles in nonweight-bearing and weight-bearing
positions, described in the previous section, also dynami-
cally strengthen some GH muscles. Additional exercises to
improve dynamic strength of the shoulder girdle in anatom-
ical and diagonal movement patterns are described in this
section.
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FIGURE 17.50 Exercises that emphasize the lower trapezius. 
(A) Shoulder girdle depression against manual resistance. 
(B) Closed-chain shoulder girdle depression using body weight 
for resistance.

A

A
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 FOCUS ON EVIDENCE
Several EMG studies have investigated exercises commonly
used to activate and strengthen shoulder muscles using either
free weights or elastic resistance.8,14,86,162,163 The findings of
these studies indicate the extent of activation of the rotator cuff,
deltoid, pectoralis major, and latissimus dorsi muscles under
maximum load conditions during the following exercises.

■  Shoulder shrug: causes highest activation in the subscapu-
laris, trapezius, and latissimus dorsi; also activates the
supraspinatus, infraspinatus, and serratus anterior.86

■  Middle-grip and narrow-grip seated rowing: activates 
subscapularis.86

■  Wide-grip seated rowing: activates the infraspinatus and
trapezius and to a lesser extent the supraspinatus.86

■  External rotation in prone and side-lying positions and in the
plane of the scapula: activates the infraspinatus and teres
minor.8,14,162,163

■  Internal rotation: movement of the forearm across the body
with arm at side and elbow flexed 90° activates the sub-
scapularis and pectoralis major. 86,162

■  Forward punch: causes highest activation in the supraspina-
tus and anterior deltoid; resistance also activates the pec-
toralis major and infraspinatus.86

■  Horizontal abduction at 100° with full external rotation: ac-
tivates the supraspinatus, middle, and posterior deltoid.163

Shoulder External Rotation (Infraspinatus,
Teres Minor)  VIDEO 17.6
Position the arm at the patient’s side or in various positions
of abduction, scapular plane elevation, or flexion. Flex the
elbow to 90° and apply the resistive force at right angles to the
forearm. Be sure the patient rotates the humerus and does not
extend the elbow. When the arm is positioned at the patient’s
side, a folded towel placed between the elbow and side of the
rib cage reminds the patient to keep the elbow at the side and
ensures proper technique.162 However, it does not signifi-
cantly alter recruitment of the external rotators.163 As indi-
cated in the supporting evidence just presented, external
rotation applied in the side-lying position (arm at side),
prone-lying in the 90/90 position, and standing with the
humerus in scapular plane (45° abduction, 30° horizontal ad-
duction) produces the strongest contractions of these muscles
compared with other external rotation exercises.162,163

■  Patient position and procedure: Sitting or standing, using
elastic resistance or a wall pulley in front of the body at
elbow level. Have the patient grasp the elastic material 
or the pulley handle and rotate his or her arm outward
(Fig. 17.52 A).

■  Patient position and procedure: Side-lying on the uninvolved
side with the involved shoulder up, the arm resting on the
side of the thorax, and a rolled towel under the elbow. Have
the patient use a handheld weight, cuff weight, or elastic
resistance and rotate the arm through the desired ROM.

■  Patient position and procedure: Prone on a table, upper arm
resting on the table with the shoulder at 90° if possible,
elbow flexed with forearm over the edge of the table. Lift
the weight as far as possible by rotating the shoulder, not
extending the elbow (Fig. 17.52 B).
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FIGURE 17.51 Scapular depression with upward rotation of the
scapula against elastic resistance (also activates the upper and mid-
dle trapezius and serratus anterior).

FIGURE 17.52 Resisted external rotation with (A) the arm at the
side using elastic resistance,

A
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■  Patient position and procedure: Sitting with elbow flexed 90°
and supported on a table so the shoulder is in the resting
position (plane of the scapula). The patient lifts the weight
from the table by rotating the shoulder (Fig. 17.52 C).

Shoulder Internal Rotation (Subscapularis)
Position the arm at the patient’s side or in various positions
of flexion, abduction, or scapular plane elevation. The elbow
is flexed to 90°, and the resistive force is held in the hand.

■  Patient position and procedure: Side-lying on the involved
side with the arm forward in partial flexion. Have the pa-
tient lift the weight upward off the table into internal rota-
tion (Fig. 17.53). 

■  Patient position and procedure: Sitting or standing using elas-
tic resistance or a pulley system with the line of force out to
the side and at the level of the elbow. Have the patient pull
across the front of the trunk into internal rotation.

Shoulder Abduction and Elevation of the Arm
in Scapular Plane (Deltoid and Supraspinatus)
Abduction exercises are classically done with the humerus
moving in the frontal plane. It is commonly accepted that
most functional activities occur with the humerus 30° to 45°
forward to the frontal plane in which the arc of motion is
more in line with the glenoid fossa of the scapula. Many ab-
duction exercises can be adapted to be performed in the plane
of the scapula.

PRECAUTION: Teach the patient that whenever the shoulder
elevates beyond 90°, it must externally rotate to avoid impinge-
ment of the greater tubercle against the acromion. If the pa-
tient has impingement syndrome, limit the range to avoid the
painful arc.

■  Patient position and procedure: Sitting or standing with a
weight in hand. Have the patient abduct the arm to 90° and
then externally rotate and elevate the arm through the rest
of the range. This same motion can be performed with elas-
tic resistance secured under the patient’s foot, but be cautious
in that the greater the elastic stretch, the greater the resist-
ance. The patient may not be able to complete the ROM 
because of increased resistance at the end of the range.

■  Patient position and procedure: Side-lying with the involved
arm uppermost and elbow extended. Have the patient lift
a weight up to 90°. The greatest effect of the resistance is at
the beginning of the range. At 90°, all of the force is through
the long axis of the bone.

■  Patient position and procedure: Standing with the humerus
externally rotated (full can position). Have the patient raise
the arm away from the side in the plane of the scapula,
halfway between abduction and flexion (Fig. 17.54). Apply
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FIGURE 17.52—cont’d (B) the arm at 90° using a free weight and
the patient lying prone, and (C) with the shoulder in scapular plane
elevation using a free weight and the patient sitting.

B

C

FIGURE 17.53 Resisted internal rotation of the shoulder using a
handheld weight. To resist external rotation, place the weight in the
patient’s upper hand.
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resistance with a handheld weight or elastic resistance se-
cured under the patient’s foot. “Full can” elevation of the
arm may also be performed in the prone position with the
arm over the side of the table. 

 FOCUS ON EVIDENCE
EMG studies have confirmed that no one exercise isolates the
action of the supraspinatus muscle from the other rotator cuff
or deltoid muscles.120,201 The supraspinatus muscle is effectively
activated in both the “empty can” (humerus internally ro-
tated)91,217 and “full can”89,120,201 exercises. It also contracts
strongly with the military press-up201 and horizontal abduction
with external rotation exercises.14,120,230 These findings appear
to give the therapist several choices of exercises for strengthen-
ing the supraspinatus. However, several authors,45,52,87,89,192 as
well as the authors of this text, suggest that the “empty can” ex-
ercise should not be used for shoulder rehabilitation because it
may cause impingement of the suprahumeral tissues, especially
as the arm approaches and elevates above 90°. In support of
this, when compared to the “full can” exercise, the “empty can”

exercise has been demonstrated to orient the scapula in greater
amounts of internal rotation and anterior tilting, positions 
believed to increase the risk of subacromial impingement.192

In contrast, the “full can” position minimizes the chance of 
impingement.45,89,162

Shoulder Flexion (Anterior Deltoid, Rotator
Cuff, Serratus Anterior)
Patient position and procedure: Sitting, standing, or supine
and elbow extended and thumb pointing forward. Have the
patient move into forward flexion of the shoulder. If a free
weight is used when supine, the greatest resistance is experi-
enced at the beginning of the range; during standing, the great-
est resistive force is encountered when the shoulder is flexed
to the 90° position. Elastic resistance also can be used if secured
under the patient’s foot or a solid object on the floor.

■  Military press-up.
Patient position and procedure: Sitting, arm at the side in
neutral to slight external rotation with elbow flexed and fore-
arm in mid-position (thumb pointing posterior). Have the
patient lift the weight vertically to the overhead position 
(Fig. 17.55). 
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B

FIGURE 17.54 Abduction in the plane of the scapula. This is called
the “full can” exercise because the shoulder is held in external rota-
tion as if lifting a full can. (A) Front view. (B) Top view. If the shoulder
is held in internal rotation, the exercise is called an “empty can” 
exercise.

FIGURE 17.55 Military press-up. Beginning with the arm at the 
side in neutral to slight external rotation with elbow flexed and 
forearm in mid-position (thumb pointing posteriorly), the weight 
is lifted overhead.
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Shoulder Adduction (Pectoralis Major, Teres
Major, Latissimus Dorsi)
Patient position and procedure: Sitting or standing with
the arm abducted. Have the patient pull down against a pulley
force or elastic resistance tied overhead. The greatest resist-
ance is when the line of the resistive force is at right angles to
the patient’s arm.

Shoulder Horizontal Adduction (Anterior
Deltoid, Coracobrachialis, Pectoralis Major)
Patient position and procedure: Supine. Begin with one or
both arms out to the side in horizontal abduction. Have the
patient bring the arms forward into horizontal adduction
until the arms are vertical.

Shoulder Extension (Posterior Deltoid,
Latissimus Dorsi, Rhomboids)
■  Patient position and procedure: Prone with the arm over the

side of the table in 90° flexion. Have the patient lift the
weight and extend the shoulder. Simultaneous elbow flex-
ion while extending the shoulder is easier (shorter lever
arm); maintaining elbow extension while extending the
shoulder is more difficult (longer lever arm).

■  Patient position and procedure: Sitting or standing with the
arm flexed. A pulley or elastic resistance is secured over-
head. Have the patient pull down against the resistance into
extension.

Elbow Flexion (Biceps Brachii)
■  Biceps curl.
Patient position and procedure: Sitting or standing. Have the
patient flex the elbow while holding a handheld weight and
keeping the forearm supinated and the arm at the side or with
the shoulder moving into slight extension (see Fig. 18.11). 

NOTE: Because the biceps brachii is a two-joint muscle, the
muscle not only serves to flex the elbow as its primary function,
the long head assists the rotator cuff muscles by acting as an
additional dynamic stabilizer of the GH joint by approximating
the humeral head against the glenoid fossa and by depressing
the head of the humerus as the arm elevates and the scapula
upwardly rotates.116 As such, the biceps brachii must be
strengthened in a shoulder rehabilitation program.

Exercises Using Diagonal (PNF) Movement
Patterns  VIDEO 17.4
Proprioceptive neuromuscular facilitation (PNF) patterns 
involve use of the entire upper extremity or address specific
regions, such as the scapula. Apply resistance manually to 
emphasize specific muscles in the pattern by adjusting hand
placement and resistance (see Chapter 6 for complete descrip-
tion of patterns). As control improves, teach the patient exer-
cises in diagonal patterns using weights or elastic resistance
(Fig. 17.56).

Functional Progression 
for the Shoulder Complex
An essential element of a shoulder rehabilitation and injury
prevention program is a sequence of carefully progressed
exercises and activities designed to achieve necessary and
desired functional outcomes. The final section of this chap-
ter provides a summary of key components of a functional
progression for the shoulder. This progression typically in-
cludes a variety of open- and closed-chain exercises in com-
bined movement patterns that simulate functional activities
and further improve strength, power, and muscular en-
durance. Integrated into the functional progression are ac-
tivities for balance, coordination, and skill and aerobic
conditioning. A few examples of activities are presented
here. Refer to Chapter 23 for further examples of activities
for advanced functional training.

Exercises Using Combined Movement
Patterns With Functional Activities
Exercises in combined movement patterns typically require
coordination between the stabilizing and dynamic functions
of the scapulothoracic and GH muscles and involve control
of the entire upper extremity and trunk and sometimes of the
lower extremities. Some of the strengthening exercises already
presented in this chapter resist combined movements.

Component motions in functional activities, such as
pulling, pushing, lifting, lowering, and carrying, involve com-
bined movement patterns and should be practiced under
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FIGURE 17.56 PNF pattern (D2 flexion), emphasizing shoulder flex-
ion, abduction, and external rotation against elastic resistance.
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progressively challenging conditions. Several examples 
follow:

■  Rowing.
Patient position and procedure: Long-sitting. Secure elastic
resistance under the feet or around a solid object. Grasp both
ends of the elastic material, and pull backward with the arms
in a rowing action (Fig. 17.57). Vary the grip width. For a
greater challenge, perform the rowing motion while seated on
an unstable surface, such as a Swiss ball. As an alternative, a
weight-cable system can be used for resistance. 

■  “Lawnmower pull.”
Patient position and procedure: Standing with hips partially
flexed and holding onto a table or chair for balance with the
hand of the sound upper extremity. Have the patient reach
diagonally across the midline and grasp a piece of elastic tub-
ing that is secured under the foot of the sound side or attached
to the leg of a couch or bed. Then have the patient pull diago-
nally and upward as if starting a lawnmower (see Fig. 18.19).
This combined movement pattern may also be simulated with
a free weight.

■  Pushing a weighted cart.
Patient position and procedure: Standing with a stable base
of support. Begin by pushing the cart on a flat surface with
light loads on the cart (Fig. 17.58). Emphasize proper body
mechanics. Initially use both arms to push; then progress by
pushing with one hand or by pushing heavier loads on un-
even surfaces. Vary the activity by adjusting the width of the
grip, the position of the arms, or by alternating between push-
ing and pulling.

Equipment
A variety of exercise devices can be used or adapted for shoul-
der girdle strengthening using combined movement patterns.
Creativity in adapting equipment and exercises to meet pro-
gressive upper extremity challenges without exacerbating or
causing recurrence of symptoms is a must. Examples of
equipment and potential uses are identified in Table 17.6.
Many of the activities noted are described and shown in detail
in Chapter 23.

Integration of Functional Activities
Functional progression in a shoulder rehabilitation program
must integrate principles of task-specific training by includ-
ing a sequence of simple and easy to perform activities then
progressing to complex and challenging functional activities.
It is important to have the patient use the actual patterns and
types of muscle contraction that will occur in their necessary
and desired functional activities.

First, simulated activities should be performed with super-
vision and the therapist’s guidance to avoid painful positions
or faulty mechanics during movements of the shoulder. Then
the activity can be performed independently at home or work.
For example, begin by having the patient simulate the mo-
tions involved in unloading a dishwasher and placing the
dishes on a low shelf or washing windows using small circular
motions. If catching and throwing or swinging a bat or golf
club are necessary, total body patterns are practiced.
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FIGURE 17.57 Simulated rowing motion against elastic resistance.

FIGURE 17.58 Pushing a weighted cart to simulate a functional 
activity and incorporate proper body mechanics.
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An individual who has a sedentary lifestyle may require
postural adaptations and ergonomic analysis of his or her
home environment or workstation to change repetitive stress.
In contrast, an athlete or industrial worker, who must perform

high-demand activities over an extended time period, may 
require muscular and cardiopulmonary endurance or high-
intensity training, such as plyometric exercises, to develop
power and skill.
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TABLE 17.6 Exercise Devices and Potential Uses for Shoulder Girdle Rehabilitation

Exercise Device Potential Use

BodyBlade™

Rowing machine

Upper body ergometer

Foam roll, small ball, balance 
equipment (rocker or wobble 
board or BOSU™)

Stepping machine

Treadmill

ProFitter™

Move the arm in anatomical and diagonal planes of movement, in circular
(clockwise or counterclockwise) patterns, or while moving the blade away from or
toward the body, as if pushing or pulling.

Use as designed for endurance training and upper extremity and trunk
strengthening. Emphasizes scapular retraction and trunk stabilization when
pulling backward. 

Forward or backward cycling (pushing or pulling movements) against progressive
resistance over an extended time period for muscular and cardiopulmonary
endurance. For a patient with an impingement syndrome, place emphasis on
backward cycling for scapular retraction and to target weak or underused
posterior shoulder structures and minimize action of tight and overused anterior
structures.

Stabilization exercises or perturbation training in prone-propping or quadruped
positions on one or both hands. Emphasize upper extremity weight shifting or
alternating arm or leg movements.

While kneeling, perform upper extremity “climbing” motions by pushing with the
hands on the steps. Emphasizes scapular protraction during pushing.

Kneel at the end of the treadmill and perform forward and backward hand-walking.

While kneeling on the floor next to the device, place hands on the platform and
slide the platform side-to-side or forward-backward using quick changes of
direction.

Independent Learning Activities

Critical Thinking and Discussion
1. Describe how the scapulothoracic and GH musculature

function as dynamic stabilizers of the shoulder.
2. Which factors may alter normal upward rotation of the

scapula, and how does inadequate upward rotation of the
scapula adversely affect elevation of the arm?

3. Describe the relationships among cervical and thoracic
posture, scapula orientation, and elevation of the arm.

4. Which mechanisms and structures could be sources of
pain in extrinsic impingement syndrome?

5. How are impingement and instability related to each other
in secondary impingement syndrome?

6. Describe the differences and similarities between atrau-
matic and traumatic instability of the GH joint.

7. A patient experienced a traumatic shoulder injury when
falling down five cement steps 2 weeks ago. She now has a
capsular pattern, decreased joint play, and muscle guarding
with passive GH motions. She does not actively use the 
extremity because of pain. You observe edema in the hand.
What potential complications could develop if left un-
treated? Design an exercise program for this patient at her
present level of involvement. What would you teach the
patient about her symptoms, impairments, and parame-
ters for recovery?
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 8.  An individual with a history of diabetes has developed a
frozen shoulder. She has had shoulder discomfort for sev-
eral months, but she did not seek treatment until 1 week
ago when she was unable to wash or fix her hair with her
left hand. Describe your intervention plan and instruc-
tions for this patient. Explain how you will determine 
the level of aggressiveness with which to address her
ROM loss.

 9.  For patients with a history of recurrent anterior disloca-
tion of the GH joint, what types of functional activities
(ADL, work related, or sport related) should initially be
avoided or modified during the early and intermediate
stages of a rehabilitation program? What would differ
with a patient with a history of recurrent posterior dis-
location of the GH joint?

10.  What criteria should patients with each of the following
shoulder diagnoses meet before progressing to overhead
exercises and functional activities: primary impingement
syndrome, anterior GH instability, frozen shoulder, S/P
rotator cuff repair?

Laboratory Practice
1. With your laboratory partner, review and practice key tests

and measurements that you might need to do to determine
what is causing shoulder pain and/or diminished upper
extremity function. What does each of those tests indicate?

2. Mobilize the scapula with manual techniques.
3. Mobilize the GH joint capsule with manual techniques;

practice the MWM techniques for the shoulder.
4. Teach your partner a series of self-mobilization techniques

for the GH joint capsule.
5. Using appropriate stabilization, manually stretch all major

muscle groups of the shoulder.
6. Teach your partner effective self-stretching techniques for

each of these muscle groups.
7. Practice a sequence of exercises to strengthen the muscles

of the scapula using manual resistance (applied by the
therapist). Use open-chain and closed-chain positions.

8. Teach your partner a progressive sequence of strengthen-
ing exercises that he or she could do in a home exercise
program to develop stability and dynamic control of the
scapula. Apply perturbation techniques that will challenge
the ability of the scapulothoracic muscles to stabilize the
scapulothoracic articulation.

9. Teach your partner a progressive sequence of strengthen-
ing exercises that he or she could do in a home exercise
program to develop strength, stability, and endurance of
the GH muscles. Have your partner perform each exercise
for a specified number of repetitions and at a specified
level of resistance.
■ Describe faulty postures or motions that you will be

looking for as your partner executes each exercise.
■ Describe the signs of fatigue that you may observe and

the indicators of poor exercise technique.

10.  Develop a series of functional activities to complement
the self-stretching and self-strengthening exercises you
have taught your partner.

Case Studies
1. A patient referral states: Evaluate and treat shoulder pain

S/P motor vehicle accident. She was the driver of the car
in a head-on collision. The patient describes shoulder pain
whenever reaching overhead. She is a nurse and finds
symptoms worsen when placing solutions on an IV pole,
a frequent activity for her. Examination reveals painful re-
sisted scapular protraction, elbow extension, and shoulder
extension with pain on palpation of the long head of the
triceps near its insertion on the inferior glenoid as well as
pain in the serratus anterior in the axilla. Other impair-
ments include weak rhomboids and lower trapezius mus-
cles (4-/5).
■ Explain the potential mechanism of injury to these mus-

cles from this type of accident.
■ Explain why this patient’s reaching tasks would perpet-

uate these symptoms.
■ Outline a treatment plan that manages the acute symp-

toms and progresses to a therapeutic exercise program.
■ Identify a measurable functional outcome goal and in-

terventions you would use to reach the goal.
■ As the patient’s symptoms subside, how would you

progress her exercise program?
2. Your patient describes pain whenever reaching overhead.

He likes to play volleyball in a weekend league but other-
wise has a sedentary lifestyle. On examination, you observe
moderate atrophy in the infraspinous fossa, a protracted
scapula, and thoracic kyphosis with forward head. You
have him assume the quadruped position in anticipation
of instruction in closed-chain rhythmic stabilization and
scapular protraction exercises and note significant winging
of the scapula.
■ Describe what muscles are likely to test weak based on

these observations.
■ How would you adapt the quadruped exercise to 

develop control and strength in the involved muscles at
a safe resistance level?

■ Based on your assumptions of muscle involvement, 
develop an intervention plan for this patient that includes
a home exercise program. Indicate parameters (frequency,
repetitions), positions, safety, and progressions.

3. You have received a referral to “evaluate and treat” a 62-year-
old patient who underwent total shoulder arthroplasty for
OA 2 weeks ago. The patient has been wearing a sling to sup-
port and protect the operated shoulder but has been allowed
to remove the sling for daily pendulum exercises and active
ROM of the elbow, wrist, and hand.
■ Prior to initiating your examination and developing an

exercise program, what additional information would
you like to learn from the surgeon?

CHAPTER 17 The Shoulder and Shoulder Girdle 617

5850_Ch17_546-622  24/08/17  10:53 AM  Page 617



■ What information do you want to gather from the 
patient?

■ What examination procedures would you wish to per-
form during the patient’s initial visit?

■ Develop, implement, teach, and then progress a series of
exercises over a period of six visits with the patient.

4. Six months ago your patient underwent surgery for repair
of a Bankart lesion and stabilization of the anterior capsule

(capsular shift) after a traumatic anterior dislocation of
the GH joint. The patient now has full ROM and 90%
strength in the shoulder after a program of rehabilitation.
Your patient wants to return to recreational sports, such
as tennis, softball, and volleyball, but is apprehensive that
the shoulder might dislocate during these activities. Design
an advanced rehabilitation program to gradually return
the patient to the desired recreational activities.
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A freely mobile but strong and stable elbow complex is 
required for normal upper extremity function. The design
of the elbow and forearm adds to the mobility of the hand
in space by shortening and lengthening the upper extremity
and by rotating the forearm. The muscles provide control
and stability to the region as the hand is used for various ac-
tivities, from eating, dressing, and grooming to pushing,
pulling, turning, lifting, throwing, catching, and reaching
for objects to coordinated use of equipment, tools, and 
machines.78,82,84 Most activities of daily living require a 
100° arc of flexion and extension at the elbow, specifically
between 30° and 130°, as well as 100° of forearm rotation,
equally divided between pronation and supination.78,82

Tasks such as drinking and eating primarily require elbow

flexion, whereas a task such as reaching to tie shoelaces 
requires substantial elbow extension.

Injury or disease of bony, articular, or soft tissue structures
of the elbow and forearm can cause pain and compromised
mobility, strength, stability, and functional use of the upper
extremity. Loss of active or passive elbow flexion interferes
with grooming and eating, whereas loss of elbow extension
restricts a person’s ability to push up from a chair or reach
out for objects. In general, loss of terminal flexion of the
elbow contributes to greater limitation of function than loss
of terminal extension.78,82

The anatomical and kinesiological relationships of the
elbow and forearm are outlined in the first section of this
chapter. Chapter 10 presents information on principles of soft
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624 Joints of the Elbow and Forearm

tissue healing and management; the reader should be familiar
with that material before establishing a therapeutic exercise
program to improve function of the elbow and forearm.

Structure and Function 
of the Elbow and Forearm

The distal end of the humerus has two articular surfaces: the
trochlea, which articulates with the ulna, and the capitulum,
which articulates with the head of the radius (Fig. 18.1). Flex-
ion and extension occur between these two joint surfaces.
The radius also articulates with the radial notch on the ulna
at the proximal radioulnar joint. This joint contributes to
pronation and supination along with the distal radioulnar
joint. The capsule of the elbow encloses the humeroulnar,
humeroradial, and proximal radioulnar articulations. The
distal radioulnar joint is structurally separate from the elbow
complex even though its function is directly related to the
proximal radioulnar joint.82 

Joints of the Elbow 
and Forearm

There are four joints involved in elbow and forearm function:
the humeroulnar, humeroradial, proximal radioulnar, and
distal radial ulnar joints.

Elbow Joint Characteristics 
and Arthrokinematics
The elbow is a compound joint with a lax joint capsule, sup-
ported by two major ligaments—the medial (ulnar) and lat-
eral (radial) collateral—which provide medial and lateral
stability, respectively.82,84 

Humeroulnar Articulation
Characteristics. The humeroulnar (HU) articulation is 
classified as a modified hinge joint. The medially placed 
hourglass-shaped trochlea at the distal end of the humerus is
convex. The trochlear notch on the proximal ulna is concave
(see Fig. 5.27). The primary motions at this articulation are
flexion and extension.

Arthrokinematics. During flexion/extension the concave
trochlear notch rolls and glides in the same direction in which
the ulna moves, so with elbow flexion, the notch rolls and
glides around the convex trochlea in an anterior direction.
With elbow extension, the notch rolls and glides in a posterior
direction.82 

The axis of rotation courses slightly superior from medial
to lateral due to the distal elongation of the trochlea. This
asymmetry in the trochlea guides the ulna to deviate laterally
relative to the humerus during extension, which is referred to
as normal cubital valgus or “carrying angle.” This also results
in a varus angulation with elbow flexion.82,84 

The arthrokinematics are summarized in ONLINE Box 18.1
on the FA Davis website associated with this book.

Humeroradial Articulation
Characteristics. The humeroradial (HR) articulation is clas-
sified as a modified hinge-pivot joint. The laterally placed,
spherical capitulum at the distal end of the humerus is con-
vex. The concave bony partner, the head of the radius, is 
located at the proximal end of the radius. Flexion/extension
and pronation/supination occur at this articulation.

Arthrokinematics. As the elbow flexes and extends, the con-
cave radial head glides in the same direction as the motion of
the radius, so with elbow flexion, the concave radial head
glides anteriorly, and with elbow extension, it glides posteri-
orly. With pronation and supination of the forearm, the radial
head spins on the capitulum (see ONLINE Box 18.1).82 

Ligaments of the Elbow
Medial (ulnar) collateral ligament. The medial (ulnar)
collateral ligament complex consists of bundles of fibers that
may be differentiated into anterior, posterior, and transverse
portions (Fig. 18.2 A). Various portions of the ligament are
taut in different ranges of motion (ROMs), providing medial
support to the elbow against valgus stresses and limiting end-
range elbow extension. The ligament also keeps the joint sur-
faces in approximation. Activities, such as throwing and
golfing, impose significant stresses on the medial (ulnar) col-
lateral ligament complex.84 

Lateral (radial) collateral ligament. The lateral (radial) col-
lateral ligament complex, a fan-shaped ligament on the lateral
surface of the elbow, is composed of the lateral collateral liga-
ment, the lateral ulnar collateral ligament, and the annular lig-
ament. This complex provides stability to the lateral aspect of
the elbow against varus and supination forces, stabilizes the
humeroradial joint, resists longitudinal distraction, and pre-
vents posterior translation of the radial head (Fig. 18.2 B).84 

Radius

Distal
radioulnar

Humero-
radial

Humerus

Ulna

Humero-
ulnar

Proximal
radioulnar

FIGURE 18.1 Bones and joints of the elbow and forearm.
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Forearm Joint Characteristics 
and Arthrokinematics
Both the proximal and distal radioulnar joints are uniaxial
pivot joints that function together to produce pronation and
supination (rotation) of the forearm.84 

Proximal (Superior) Radioulnar Articulation
The proximal radioulnar (RU) articulation is within the
capsule of the elbow joint but is a distinct articulation.

Characteristics. The convex rim of the radial head articu-
lates with the relatively fixed concave radial notch on the ulna
and the annular ligament. This ligament encircles the rim of
the radial head and stabilizes it against the ulna (see Fig. 18.2).
The primary motion of the proximal RU joint is pronation/
supination.

Arthrokinematics. As the forearm rotates into pronation
and supination, the convex rim of the radial head rolls and
glides opposite the motion of the radius, so with pronation,
the radial head rolls anteriorly (volarly) and glides posteriorly
(dorsally) on the radial notch, and with supination, it rolls
posteriorly (dorsally) and glides anteriorly (volarly) as the ra-
dius crosses over the relatively fixed ulna. In addition, at the
humeroradial joint the radial head spins on the capitulum
within the annular ligament during pronation and supina-
tion82 (see ONLINE Box 18.1).

Distal (Inferior) Radioulnar Articulation
Characteristics. The distal RU joint is an anatomically sep-
arate joint at the distal end of the radius and ulna. The con-
cave ulnar notch on the distal radius articulates with the
convex notch on the head of the ulna. The distal RU joint,
along with the proximal RU joint, participates primarily in
pronation/supination.

Arthrokinematics. As the forearm rotates, the concave 
radius glides in the same direction as the physiological 
motion. It glides anterior (volar) with pronation and pos-
terior (dorsal) with supination (see ONLINE Box 18.1).82.84

Muscle Function at the
Elbow and Forearm

Muscles in the elbow region not only affect the function of
the elbow and forearm, but also wrist and finger function.

Primary Actions at the Elbow 
and Forearm
Elbow Flexion
Brachialis. The brachialis is a one-joint muscle that lies deep
to the biceps brachii and inserts close to the axis of motion
on the ulna, so it is unaffected by the position of the forearm
or the shoulder. Due to its large cross-sectional area it gener-
ates the greatest force of all the muscles that cross the elbow
and its sole function is flexion of the elbow.68,82,84

Biceps brachii. The biceps is a two-joint muscle that
crosses both the shoulder and elbow and inserts close to the
axis of motion on the radius, so it also acts as a supinator
of the forearm. It functions most effectively as a flexor of
the elbow between 80° and 100° of flexion. For the optimal
length-tension relationship, the shoulder extends to lengthen
the muscle when it contracts forcefully for elbow and fore-
arm function.82,84 

Brachioradialis. With its insertion a great distance from the
elbow on the distal radius, the brachioradialis functions to
provide compression of the joint surfaces and stability to the
joint. The brachioradialis is a primary elbow flexor especially
during rapid movements against high resistance and acts as a
pronator when the forearm is in supination and a supinator
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FIGURE 18.2 (A) The three parts of the medial (ulnar) collateral 
ligament are shown on the medial aspect of the right elbow. The
musculature and joint capsule have been removed to show the 
ligament’s attachments. (B) The lateral collateral ligament complex
includes the lateral (radial) collateral ligament, lateral ulnar collateral
ligament, and annular ligament. The musculature and joint capsule
have been removed to show the ligaments’ attachments. (From
Norkin, CC: The elbow complex. In Levangie, PK, and Norkin, CC (eds):
Joint Structure and Function: A Comprehensive Analysis, ed. 5.
Philadelphia: F.A. Davis, 2011, p 277, with permission.)
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when the forearm is in pronation especially during rapid
supination/pronation motions.82,84

Elbow Extension
Triceps brachii. The long head of the triceps brachii crosses
both the shoulder and elbow; the medal and lateral heads are
uniaxial and only cross the elbow joint. The long head func-
tions most effectively as an elbow extensor if the shoulder 
simultaneously flexes and adducts. This maintains an optimal
length-tension relationship in the muscle. Because the triceps
attaches to the ulna and not the radius, it has no role in fore-
arm rotation.82,84 

Anconeus. The primary function of the anconeus muscle is
to stabilize the elbow during extension activities as well as
during active forearm supination and pronation.68,82

Forearm Supination
Supinator. The supinator muscle has an extensive proxi-
mal attachment and inserts distally along the proximal one
third of the radius. It is capable of generating significant
force regardless of the elbow position, speed, or power of
the motion.82,84 

Biceps brachii. The biceps muscle acts as a supinator if
the elbow simultaneously flexes or during moderate to high
powered supination activities when the elbow is flexed 
to 90°.82,84

Brachioradialis. The brachioradialis contributes to prona-
tion and supination during short-arc, high power motions.
Regardless of the position of the forearm, the brachioradialis
rotates the forearm to the neutral, thumbs-up position from
a fully supinated or pronated position.82

Forearm Pronation
Pronator teres. The pronator muscle pronates the forearm
as well as stabilizes the proximal radioulnar joint by helping
the radial head to maintain contact with the capitulum. The
pronator teres is most active in higher-power pronation 
activities.82,84

Pronator quadratus. The pronator quadratus is the most
active and consistently used pronator muscle. It also stabi-
lizes the distal RU joint by compressing the ulnar notch 
of the radius against the ulnar head during pronation 
activities.82,84

Relationship of Wrist and Hand
Muscles to the Elbow
Many muscles that act on the wrist and hand are attached on
the medial and lateral epicondyles of the humerus. This allows
for effective movement of the fingers and wrist, whether the
forearm is in pronation or supination. The muscles provide
stability to the elbow but contribute little to motion of the
elbow. The position of the elbow affects the length-tension
relationship of the muscles during their actions on the wrist

and hand.60,84 See Chapter 19 for information on the function
of the wrist and hand.

Wrist flexor muscles. The flexor carpi radialis, flexor carpi
ulnaris, palmaris longus, and flexor digitorum superficialis
and profundus originate on the medial epicondyle.

Wrist extensor muscles. The extensor carpi radialis longus
and brevis, extensor carpi ulnaris, and extensor digitorum
originate on the lateral epicondyle.

Referred Pain and Nerve
Injury in the Elbow Region

For a detailed description of referred pain patterns and in-
juries to the peripheral nerves coursing through the elbow
and forearm region, see Chapter 13. ONLINE Table 13.1 sum-
marizes the muscle involvement and functional loss that
occur with each of the nerve injuries.

Common Sources of Referred Pain
Into the Elbow Region
Radicular symptoms from the C5 and C6 nerve roots have
been reported in patients with lateral elbow pain and from
the C6 and C7 nerve roots with medial elbow pain.2,22,96

Nerve Disorders in the Elbow Region
Ulnar nerve. The ulnar nerve courses posteromedial to the
olecranon process where it enters the cubital tunnel. After
leaving the cubital tunnel, it passes between the two heads of
the origin of the flexor carpi ulnaris. The most common sites
for compression of the ulnar nerve in the elbow region are in
the cubital tunnel and between the two heads of the flexor
carpi ulnaris.10,18

Radial nerve. The radial nerve pierces the lateral muscular
septum anterior to the lateral epicondyle and passes between
the brachialis and biceps medially and the brachioradialis, ex-
tensor carpi radialis longis, and extensor carpi radialis brevis
laterally. Within an area 3 cm proximal or distal to the elbow,
it branches into the posterior interosseous nerve and super-
ficial sensory nerve. The posterior interosseous nerve branch
travels posterior to enter the radial/supinator tunnel (canal)
between the two heads of the supinator at the arcade of
Fröhse. Common sites of compression include under the ex-
tensor carpi radialis brevis, at the Arcade of Fröhse, and at the
distal edge of the supinator muscle.63,90 

Median nerve. The median nerve courses anteriorly deep
in the cubital fossa, medial to the tendon of the biceps and
brachial artery, where it is well protected. The nerve then
progresses between the ulnar and humeral heads of the
pronator teres muscle and dips under the flexor digitorum
profundus muscle. Entrapment may occur between the
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heads of the pronator teres muscle, under the Ligament of
Struthers, by the bicipital aponeurosis or deep to the flexor
digitorum superficialis.10

Management of Elbow 
and Forearm Disorders 
and Surgeries

In order to make sound clinical decisions when treating 
patients with elbow and forearm disorders, it is necessary to
understand the various pathologies, surgical procedures, and
associated precautions and to identify presenting structural
and functional impairments, activity limitations, and partic-
ipation restrictions (functional limitations and possible dis-
abilities). In this section, pathologies and surgical procedures
are presented. Conservative and postoperative guidelines for
managing these conditions are described in this section.

Joint Hypomobility:
Nonoperative Management

Related Pathologies and Etiology 
of Symptoms
Pathologies, such as rheumatoid arthritis (RA), juvenile
rheumatoid arthritis (JRA), and degenerative joint disease, as
well as acute joint reactions after trauma, dislocations, or frac-
tures, affect this joint complex. Postimmobilization contractures
and adhesions develop in the joint capsule and surrounding tis-
sues any time the joint is immobilized in a cast or orthosis. This
typically occurs after dislocations and fractures of the humerus,
radius, or ulna. The reader is referred to Chapter 11 for back-
ground information on arthritis and fractures.

Common Impairments of Structure
and Function
Acute stage. When symptoms are acute, joint effusion, mus-
cle guarding, and pain restrict elbow motion, and usually
there is pain at rest. Fractures and dislocations require med-
ical intervention; however, with proper training, therapists
are capable of manipulating subluxations such as a pushed or
pulled elbow (see Figs. 5.29 and 5.31, respectively).

Subacute and chronic stages. A capsular pattern usually
exists in the subacute or chronic stages of tissue healing.
Elbow flexion is more restricted than extension. There is a
firm end-feel and decreased joint play. In long-standing
arthritis of the elbow, pronation and supination also become
restricted with a firm end-feel and decreased joint play in the
proximal RU joint. Arthritis of the distal RU joint results in
pain on overpressure.

Common Activity Limitations 
and Participation Restrictions 
■  Difficulty turning a doorknob or key in the ignition
■  Difficulty or pain with pushing and pulling activities, such

as opening and closing doors
■  Restricted hand-to-mouth activities for eating and drink-

ing and hand-to-head activities for personal grooming and
using a telephone

■  Difficulty or pain when pushing up from a chair
■  Inability to carry objects with a straight arm
■  Limited reach

Joint Hypomobility: Management—
Protection Phase
See the Guidelines for Management Related to the Stages of
Tissue Healing in Chapter 10, Box 10.1.

Educate the Patient
■  Inform the patient regarding the anticipated length of acute

symptoms and teach methods of joint protection and how
to modify activities of daily living. For example, the patient
should avoid activities that involve lifting or pushing off
with the involved upper extremity.

■  Instruct the patient to avoid excessive fatigue by perform-
ing exercises frequently during the day but limiting the
number of repetitions during each bout (set) of exercises.

Reduce Effects of Inflammation or Synovial
Effusion and Protect the Area
■  Intermittent or limited immobilization in a sling or static

orthosis provides rest to the elbow, but complete immobi-
lization can lead to joint hypomobility, contractures, and
limited motion; therefore, frequent periods of controlled
movement within a pain-free range should be performed. 

CLINICAL TIP
Posttraumatic pain and stiffness are common following
both operative and nonoperative treatment of fractures and
dislocations. Soft tissue structures, including muscles and
ligaments, are also subject to damage with these injuries.
To restore function of the elbow, good communication 
between the therapist and physician is critical for optimal
outcomes. The key to minimizing stiffness is early motion.
Minimizing immobilization by using a hinged orthosis,
while limiting extension allows for early motion and pro-
vides joint protection.

■  Gentle grade I or II joint distraction and oscillation tech-
niques in the resting position may inhibit pain and move
synovial fluid for nutrition in the involved joints (see
Chapter 5 for principles of application and techniques).
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Maintain Soft Tissue and Joint Mobility
■  Passive or active-assistive ROM within limits of pain, 

including flexion/extension and pronation/supination
■  Multiple-angle submaximal isometrics for elbow flexors,

extensors, pronators, supinators, and wrist flexors and 
extensors in pain-free positions 

Maintain Integrity and Function 
of Related Areas
■  Shoulder, wrist, and hand ROM and activities should be

encouraged within the tolerance of the individual.
■  If edema develops in the hand, the arm should be elevated

whenever possible. Consider retrograde massage as de-
scribed in Chapter 26.

Joint Hypomobility: Management—
Controlled Motion Phase
If joint hypomobility exists, ROM is increased by utilizing
joint mobilization techniques as well as passive stretching and
muscle inhibition techniques following the principles de-
scribed in Chapters 4 and 5. Box 18.1 highlights several im-
portant precautions if joint restrictions are related to trauma.

Increase Soft Tissue and Joint Mobility
The intensity of stretching and mobilization techniques is dic-
tated by the healing tissues, the specific pathology, and the
surgical technique, as well as the amount of pain, motion, and
end feel. Vigorous stretching should not be undertaken until
later stages of healing. As noted in Box 18.1, high-intensity
stretching of the elbow flexors is contraindicated following
trauma because of the potential for development of hetero-
topic bone formation. 

■  Passive joint mobilization techniques. Because several 
articulations are involved with each motion at the elbow,

it is important to identify which of the articulations have
reduced joint play. For specific techniques to use, see 
Figures 5.28 through 5.33 and their descriptions in
Chapter 5. Progress each technique by positioning the
joint at the end of its available range before applying the
mobilization technique.

CLINICAL TIP
To progress joint mobility in the terminal ranges of flexion
and extension, it may be necessary to emphasize the accessory
motions of varus and valgus, respectively. This is accom-
plished with ulnar glide (for limited extension) and radial (for
limited flexion) techniques.

■  Manipulation to reduce a “pushed elbow.” Proximal
subluxation of the radius may result from falling on an
outstretched hand. The radial head is pushed proximally
in the annular ligament and impinges against the capit-
ulum. This injury sometimes accompanies a fracture of
the distal radius (Colles’ fracture) or scaphoid and is not
identified as an impairment until after the fracture has
healed and the cast is removed. It is often overlooked
due to the focus on the fracture site as well as soft tissue
and joint restrictions caused by limited elbow motion
during fracture healing. Palpation of joint space will re-
veal decreased space on the involved side as compared
to the uninvolved side. There may be limited flexion or
extension of the elbow, limited wrist flexion, and limited
pronation.

CLINICAL TIP
For an acute “pushed elbow” (and no fracture), apply a distal
traction to the radius to reposition the radial head. If chronic,
repetitive stretching with sustained grade III distal traction to
the radius is necessary (see Fig. 5.29) in addition to the soft
tissue stretching and strengthening techniques needed for in-
creasing motion.

■  Manipulation to reduce a “pulled elbow.” Distal sub-
luxation of the radius is usually seen as an acute injury
in children and is sometimes labeled “tennis elbow”
when it occurs in adults. It occurs as a result of a forceful
pull on the hand such as would occur when a child jerks
away from a parent or caregiver or when an individual
applies a quick force to lift a heavy object. The force
causes the radius to move distally with respect to the
ulna. The head of the radius is unable to glide proximally
in the annular ligament when supination is attempted, 

628 Joint Hypomobility: Nonoperative Management

BOX 18.1 Precautions Following Traumatic
Injury to the Elbow

■ Heterotopic ossification of the injured tissue is a potential
complication and presents itself as local soft tissue
swelling, warmth, and tenderness. When this occurs,
stretching is ineffective and contraindicated.

■ After healing of fractures in the elbow and forearm,
malunion is not unusual, preventing full ROM. A bony block
end-feel or an abnormal appearance of the elbow or
forearm should alert the therapist to the cause of this
impairment. Radiographical imaging is helpful in verifying
the problem. No amount of stretching or mobilizing
changes the patient’s ROM. Indiscriminate stretching may
lead to hypermobility of related joints, which could cause
additional trauma and pain.
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resulting in the person holding the forearm in pronation.
Either supination is restricted, or the patient guards
against the motion.

CLINICAL TIP
With the child distracted, a quick, compressive manipulation
(high-velocity thrust) of the radial head concurrently with
supination is applied (see Fig. 5.31) to reposition the radial
head when there is a “pulled elbow.” There may be soft tissue
trauma associated with the injury, which may be treated with
cold and compression.

■  Manual stretching and self-stretching. Use manual
stretching and inhibition techniques to increase the flex-
ibility of any periarticular tissues that are restricting mo-
bility. Use of a light cuff weight placed around the distal
forearm with the patient carefully positioned for an ef-
fective stretch provides a low-intensity, long-duration
stretch and is an alternative to manual passive stretching.
If elbow ROM does not steadily improve after acute
symptoms have subsided, the patient may need to begin
wearing a static progressive orthosis that applies a low-
load, prolonged stretch force over an extended period 
of time. These stretching interventions are described in
Chapter 4.

■  Home instructions. Teach the patient self-stretching ma-
neuvers followed by active exercise that utilizes the new
range. Suggestions are provided in the last section of this
chapter.

Improve Joint Tracking of the Elbow
A mobilization with movement (MWM) technique consisting
of a gentle radial glide combined with the pain-free active
movement of elbow flexion or extension, or pain-free grip-
ping (depending on the patients impairment or functional
limitation) with pain-free passive overpressure, may improve
articular surface tracking by allowing the muscles to move the
joint in a pain-free manner.20,21,107 (Refer to the principles of
MWM in Chapter 5.)

■  Patient position and maneuver: Supine with elbow either
flexed or extended to the end of the available range. Secure
a mobilization belt around the patient’s proximal forearm
at the joint line and your hips such that the belt is hori-
zontal. Stabilize the distal humerus by reaching inside the
belt and grasping the humeral condyles. With your other
hand stabilize the forearm at the wrist. Apply a gentle 
lateral glide to the proximal ulna with the belt by slowly
moving your hips, taking care not to glide the joint too ag-
gressively. Have the patient actively flex or extend the
elbow applying a gentle passive overpressure at end range.
With extension be sure to account for the carrying angle

Improve Muscle Performance 
and Functional Abilities
Initiate active and low-load resistance exercises in open- and
closed-chain positions to develop control, muscular en-
durance, and strength in the muscles of the elbow and fore-
arm. As the patient improves, adapt the exercises to progress
toward functional activities. Specific exercises are described in
the exercise section of this chapter. Include the shoulder girdle,
wrist, and hand in the exercise program as their flexibility and
strength have an influence on the recovery of elbow function.

Joint Hypomobility: Management—
Return to Function Phase
Improve Muscle Performance
Progress strengthening exercises as the joint tissue tolerates.
Teach the patient safe progressions and exercise strategies that
promote return to function. To prepare the joints and muscles
for specific tasks, use exercises that replicate the repetitions
and demands of daily activities, such as pushing, pulling, lift-
ing, carrying, and gripping.

Restore Functional Mobility of Joints 
and Soft Tissues
If restrictions remain, use more vigorous manual or mechan-
ical stretching and joint mobilization techniques.

Promote Joint Protection
Chronic arthritic conditions may require modification of
high-load activities to minimize deforming stresses on the 
involved joints.

of the elbow, which may alter the treatment plane. Repeat
the movement 6-10 times for up to three sets (Fig. 18.3).
This is a pain-free technique.20,21,79,107
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FIGURE 18.3 Mobilization with movement (MWM) to improve
elbow flexion. A lateral glide is applied to the proximal ulna while
the patient actively flexes their elbow, followed by a passive end-
range stretch.
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Joint Surgery and
Postoperative Management

Intra-articular or extra-articular surgical intervention is
often necessary for management of severe fractures or dis-
locations that affect the joints of the elbow and surrounding
soft tissues. These injuries may require open reduction with
internal fixation or arthroscopic or open excision of bone
fragments. In adults, the most common fracture in the
elbow region is a fracture of the head and neck of the radius.
This type of fracture accounts for over one-third of all elbow
fractures.57,87,99,101,106,112 This injury usually occurs when a
person falls on an outstretched hand when the elbow is ex-
tended and the forearm pronated, causing a fracture of the
radial head with possible concurrent injuries about the
elbow to include other fractures, dislocations, or ligamentous
injuries.49,57,101,106,112

If the proximal radius is displaced and the radial head
fracture is comminuted, either open reduction internal 
fixation, low-profile fixation, excision of the fragments of
the radial head, radial head excision, or arthroplasty of the
radial head are surgical options. Box 18.2 summarizes the
advantages and disadvantages of surgical options for man-
agement of displaced fractures of the radial head. Radial
head fractures in children, however, are relatively uncom-
mon. When they do occur, closed reduction is preferred.99

Small osteochondral defects of one or more of the articular
surfaces of the elbow complex occur in the skeletally mature
and immature individual (often in the throwing athlete) as

the result of repetitive trauma. Such defects, depending on
their size, characteristics, and location, may require surgical
intervention, such as removal or internal fixation of a frag-
ment, microfracture, or autologous osteochondral or chon-
drocyte implantation, if nonoperative measures have been
ineffective.1,31,45,89

Early-stage or long-standing joint disease (RA, JRA, post-
traumatic arthritis) associated with synovial proliferation and
destruction of articular surfaces of the elbow joints leading
to pain, limitation of motion, and impaired upper extremity
function may also need to be managed with extra-articular
or intra-articular surgery. For example, with early-stage RA
in which synovial proliferation is present but joint surfaces
are still in good condition, arthroscopic or open synovectomy
is the procedure of choice for relief of pain if medications
have not controlled the disease.22,26,98 Occasionally, advanced
arthritis is managed surgically by interposition arthroplasty
(only in the patient younger than 40 on a selective basis),72,98

resection of the radial head with or without prosthetic implant
and concomitant synovectomy, or arthrodesis (as a salvage
procedure).12,67 However, today, the most common surgical
procedure used to manage severe destruction of the elbow
joint is total elbow arthroplasty (TEA).29,48,98 Table 18.1 sum-
marizes how the severity of joint disease and the extent of soft
tissue involvement influence the choice of surgical procedure
for the elbow complex.33,46,98

The goals of surgery of the elbow joint complex and post-
operative rehabilitation include (1) relief of pain, (2) restora-
tion of bony alignment and joint stability, and (3) sufficient
strength and ROM to allow functional use of the elbow and
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BOX 18.2 Surgical Options for Displaced Fractures of the Radial Head

Open Reduction and Internal Fixation
■ Advantages: Preferable technique if stable fixation can be

achieved and if able to repair significant ligamentous damage;
early protective postoperative motion permissible.

■ Disadvantages: Not amenable to nonreducible fractures and
less practical than radial head excision or implant for severely
comminuted fractures or osteoporosis.

Low-Profile Fixation
■ Advantages: Improved forearm rotation and flexion 

motion with decreased scarring as compared to other
techniques. Immediate mobilization of the elbow joint 
is permissible.

■ Disadvantages: Early in development including biocompatibility,
which may be an issue unique to this technique. 

Excision of the Radial Head
■ Advantages: For severely comminuted, nonreducible, and

unstable fractures; no potential for mechanical blockage of
joint motion from malalignment of fracture fragments or
internal fixation; early ROM permissible.

■ Disadvantages: Increased valgus deformity possible with
potential for early degenerative changes of the humeroulnar

joint. Persistent pain and limited motion with this technique.
Even with intact ligaments an alteration of the kinematics and
stability of the elbow has been shown.

Excision of Fragments of the Radial Head
■ Advantages: Not as commonly used due to improvements 

in fixation systems. However, technique used when small
displaced fragments that block motion or loose fragments
are present. Used when other fixation systems are not
feasible due to small fragment size, comminution, or
osteopenia.

■ Disadvantages: Fragments that articulate with the proximal
radioulnar joint should not be excised due to interference with
forearm rotation.

Arthroplasty of the Radial Head
■ Advantages: Indicated for displaced comminuted fractures of

the radial head and neck where an anatomic reduction and
stable internal fixation is not possible and there are associated
soft tissue injuries. Radial head implants have been shown to
restore the kinematics and stability of the radial head.

■ Disadvantages: Many implants available with no studies
comparing clinical outcomes or long-term results. 
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upper extremity. Surgical procedures done to relieve pain and
improve elbow stability tend to be more successful than proce-
dures done solely to increase ROM. Heterotopic bone forma-
tion, which leads to joint stiffness, is often a complication of
elbow fractures, dislocations, and elbow joint surgery.4,86 There-
fore, the single goal of improving ROM is rarely an indication
for surgery.

Radial Head Excision or Arthroplasty
Indications for Surgery
The following are frequently cited indications for radial head
excision or arthroplasty.

■  Severely comminuted fracture or fracture-dislocations of
the head or neck of the radius that cannot be reconstructed
and stabilized with internal fixation.57,67,87,101,106,112

■  Chronic synovitis and mild deterioration of the articular
surfaces associated with arthritis of the HR and proximal
RU joints resulting in joint pain at rest or with motion, pos-
sible subluxation of the head of the radius, and significant
loss of upper extremity function.57,106

CONTRAINDICATIONS: Radial head excision is contraindi-
cated in the growing child. 99 Excision without replacement of
the radial head is not an appropriate option in the presence of
elbow instability; a displaced, comminuted fracture; and where
a stable internal fixation is not achievable.57,74,112 As with other
joints, arthroplasty is also contraindicated in the presence of an
active infection.

Procedure

Background
Selection of procedure. Depending on the integrity of the
ligaments and stability of the elbow complex, a radial head
excision may be selected or implant arthroplasty may be the
better choice. Results from biomechanical studies demon-
strate altered kinematics and stability after radial head exci-
sion whereas an implant restores stability and kinematics

similar to the native radial head.13,57 The use of a prosthetic
implant is considered when there is more than three fracture
fragments, when there is a fracture of more than 20% to 50%
of the coronoid with radial head fracture, and when there is
clinical instability of the elbow as the result of disruption of
the supporting ligaments.57,74,75,87

Implant designs, materials, and fixation. There is an in-
creasing number of prosthetic radial head implants available
to surgeons. There are three major considerations for choos-
ing the appropriate implant: (1) sizing, (2) alignment, and 
(3) stem fixation. Current available implants include spacer
implants, press-fit and ingrowth stems, and bipolar and 
ceramic articulations. Silicone implants are no longer used
due to significant incidence of failure producing silicone syn-
ovitis. Modular metallic (titanium) radial head implants with
separate heads and stems are now used allowing for improved
sizing and ease of implantation. However, the optimal radial
head implant has yet to be designed and fabricated.15,57,74,75

Overview of Operative Procedure
The current implantation techniques vary due to the variety
of implants available; however, some surgeons use an extensor
digitorum splitting approach and divide the radial collateral
and annular ligaments while preserving the integrity of the
radial ulnar collateral ligament.57 Others expose the joint
through a posterolateral (Kocher) approach between the ex-
tensor carpi ulnaris and anconeus muscles,87,112 while others
prefer the Kaplan approach between the extensor digitorum
and the extensor carpi radialis bravis.101 Regardless of the ap-
proach, the radial head is exposed, and a radial osteotomy is
performed at the level of the annular ligament to resect the
head. For a severe fracture, a portion of the radial neck may
also need to be excised. When exposing the operative field, 
effort is made not to detach intact ligaments. A concomitant
synovectomy is done if proliferative synovitis is present (typ-
ically seen in RA and JRA).57,74

If an implant is to be inserted, the medullary canal of the
radius is prepared to accept the stem of the prosthesis. If 
the elbow is unstable, ligamentous structures are repaired. If
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TABLE 18.1 Severity of Elbow Joint Disease and Selection of Surgical Procedure

Severity of Joint Disease Selection of Surgical Procedure

■ Mild synovitis: joint surfaces normal or with minimal 
degeneration, osteoporosis

■ Moderate synovitis; some loss of articular cartilage; 
narrowing of joint space but joint contour maintained

■ Moderate to severe synovitis; loss of articular cartilage; 
loss of joint space; intact collateral ligaments

■ Severe synovitis; destruction of articular cartilage; complete 
loss of joint space (bone-to-bone articulation); significant 
joint instability; bone loss; ankylosis

■ Nonoperative/medical management

■ Arthroscopic synovectomy or resection of the radial head
with synovectomy

■ Resurfacing total elbow arthroplasty or, possibly in a
growing child, an interpositional arthroplasty

■ Semiconstrained total elbow arthroplasty
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the radial ulnar collateral ligament is insufficient, it may be
reinforced with a palmaris longus autograft or allograft.57,74,75

Complications
Intraoperative complications. Damage to the posterior in-
terosseous nerve is a concern during surgical excision of the
radial head regardless of whether a radial head implant is in-
cluded in the procedure.67 If an implant is inserted, malposi-
tioning or inaccurate sizing can cause postoperative pain and
humeroradial instability, compromise ROM, and eventually
contribute to premature implant wear.15,87,101,112

Postoperative complications. Postoperatively complica-
tions of excision with or without implant may include delayed
wound closure, infection, limited ROM of the elbow and/or
forearm, radial tunnel syndrome, cubital laxity, persistent
pain, and a sense of instability. Slight proximal migration of
the radius may occur if resection does not include implanta-
tion of a prosthetic radial head.57,74,112 This complication may
or may not be associated with elbow or wrist pain. Following
excision for a severe radial head fracture, osteoarthritis of the
HR joint also may develop over time.67

As with all types of implant arthroplasty, aseptic loosing
or long-term implant wear and breakage are complications
that may occur, necessitating revision arthroplasty. 

Postoperative Management
The goals and interventions, the rate of progression, and the
length of the rehabilitation program, as well as final out-
comes, are highly dependent on the extent of damage to soft
tissues from injury or chronic inflammation; the integrity
of repaired soft tissues, particularly the supporting liga-
ments of the elbow complex; the philosophy of the surgeon;
and the patient’s expectations of the surgery and response
to treatment.

Immobilization
Depending on the extent of the surgery and the procedure
performed, the elbow may be immobilized in a long arm or-
thosis or a hinged protective orthosis with an extension block
for up to 3 weeks. The elbow is positioned at 45° to 90° with
the forearm in mid pronation and the wrist in neutral. When
elbow motion is permissible (often as early as 1 to 3 days after
surgery or longer if significant reconstruction of ligaments
was necessary), the non-hinged orthosis is removed for exer-
cise in a protected arc of motion, but is replaced after exercise
and worn at night for an extended period of time to protect
healing tissues. If the stability of the elbow is in question, the
patient may wear the hinged orthosis continuously to support
the healing tissue, which is then adjusted to allow increased
ROM as the tissue tensile strength improves.15,35,112

Exercise: Maximum Protection Phase
Goals and interventions. The first phase of rehabilitation
(inflammatory phase) extends for the first 2 to 3 weeks after
surgery and focuses on patient education that emphasizes
wound care, control of pain, edema reduction, and exercises
to offset the adverse effects of immobilization while protecting

repaired soft tissues that maintain the stability of the elbow.
The following goals and exercise-related interventions typically
are included in this initial phase.11,35

■  Manage edema. Have the patient elevate their arm above
the heart (wrist above the elbow; elbow above the shoulder)
and place the arm in a compressive sleeve. 

■  Maintain mobility of uninvolved joints. Active ROM ex-
ercises of the shoulder, wrist, and hand immediately after
surgery.

■  Maintain mobility of the elbow and forearm. Initiate
gentle protected ROM within 2 to 3 days postoperatively.
Depending on the extent of the surgical procedure or
healing tissue, have the patient remove the static orthosis
several times daily for self-ROM (passive or active-as-
sisted) of the elbow and forearm within a pain-free lim-
ited arc of motion (limit extension to protect healing
tissue). Active ROM is generally allowed within 1 week
postoperatively and begins no longer than 3 weeks
postoperatively if there was an unstable fracture or dis-
location requiring immobilization. However, as noted
previously, some patients must wear a hinged orthosis
(with an extension block) for additional stability during
ROM exercises if associated ligamentous or soft tissue re-
construction occurred.

CLINICAL TIP
Some specific motions may need to be restricted initially to
prevent excessive stress on reconstructed ligaments. Restric-
tions vary depending on the extent of ligament disruption
and the ligament (s) repaired. For example, if the radial col-
lateral ligament complex was repaired, perform ROM exer-
cises with the forearm in pronation to protect the healing
ligament.35

■  Minimize muscle atrophy. Submaximal, pain-free, multiple-
angle isometric exercises of elbow and forearm musculature.

Exercise: Moderate and Minimum Protection Phase
Goals and interventions. The intermediate phase (fibro-
plastic phase) of rehabilitation begins when wound healing is
satisfactory and active movements of the elbow are relatively
pain free (approximately 2 to 3 weeks postoperatively) and
lasts until approximately 8 weeks postoperatively. This phase
of rehabilitation is characterized by continued efforts to re-
store nearly full or at least functional ROM for everyday ac-
tivities while maintaining stability of the elbow. Exercises to
improve upper extremity strength and muscular endurance
and use of the involved elbow for light functional activities
are introduced and progressed. 

■  Increase ROM, particularly if contractures were noted
preoperatively.
■ Gentle (low-intensity, prolonged stretch) manual stretch-

ing, hold-relax techniques, or self-stretching
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■ Grade II joint mobilization techniques initially, followed
by grade III mobilizations after bony and soft tissue heal-
ing has occurred

CONTRAINDICATION: When applying joint mobiliza-
tion techniques, do not perform valgus/varus stretches in
terminal extension/flexion, particularly if the radial head
was not replaced with a prosthetic implant or if the in-
tegrity of the supporting ligaments and stability of the
elbow is in question.

■ Low-load, long-duration, static progressive orthotic 
intervention 

■  Improve functional strength and muscular endurance.
■ Low-load (pain-free) resistance exercises (maximum 

1 to 2 lb), emphasizing high repetitions
■ Initiate grip and pinch resistance exercises
■ Use of the postsurgical upper extremity for light activi-

ties of daily living (ADLs)

Exercise: Minimum to No Protection Phase 
Goals and interventions. The final phase (remodeling
phase) ranges from 2 to 6 months. The goals of this phase are
to maximize ROM, increase strength and endurance, and 
increase function.

■  Maximize ROM
■ Initiate more aggressive techniques, avoiding overstretch-

ing of soft tissue and inciting an inflammatory response.
■ Progress joint mobilization techniques to grades III and

IV combined with manual stretching and hold-relax
techniques at end ROM.

■ Employ radial (lateral) and ulnar (medial) gapping
techniques to restore end-range flexion and extension,
respectively.

■ Orthotic intervention should be initiated by 8 weeks
after injury or surgery if not already done so. A static
progressive (more effective for extension) orthosis or a
dynamic orthosis (more effective for flexion) should
begin, and a wearing schedule should be determined.

■  Restore strength and endurance
■ Progress a resistive program using free weights, resistive

bands, and/or weight machines that includes the entire
upper extremity.

■  Resumption of recreational and work-related activities.
Patient education is a key element of helping the patient
return safely to physical activities. A graded return to
higher level functional activities is initiated that incorpo-
rates specific return to work and/or sport specific activities
with emphasis on muscle performance.

Outcomes 
The anticipated outcomes after surgical repair of the radial
head following a severely displaced and comminuted fracture
or due to advanced arthritis are a stable elbow and pain-free
movement (flexion/extension and pronation/supination)
within functional ranges. Short-term postoperative outcomes
of excision arthroplasty with and without implant are similar

with regard to relief of pain and functional motion. However,
patients with preoperative instability necessitating an implant
with ligamentous reconstruction and those with a tenuous
repair of ligamentous structures have less satisfactory results
than those with a stable elbow. 

Some patients may develop a slight increase (about 5° to
10°) in valgus laxity of the elbow, without complaints of in-
stability during functional activities if ligaments are intact
prior to surgery or repaired at the time of surgery. Others may
experience pain and instability associated with the increased
laxity, thus compromising outcomes. In a study by Hall and
coinvestigators, posterolateral rotary instability associated
with a deficient lateral ulnar collateral ligament was identified
at a mean of 44 months in only 16.6% of patients (7 of 42)
who reported lateral elbow pain and a sense of instability or
weakness after radial head resection (without implant).49

Short-term and long-term outcomes after open reduc-
tion and internal fixation for radial head fractures have been
good when anatomic reduction and rigid internal fixation
have been achieved and early motion has been initiated
postoperatively. Outcomes for procedures using rigid metal
radial head implants have also been favorable. Outcomes in-
clude pain relief, stability, and sufficient elbow and forearm
ROM for functional activities, leading to relatively high pa-
tient satisfaction.57,74

Total Elbow Arthroplasty
Indications for Surgery
TEA is a treatment option for patients with RA; patients with
debilitating, late-stage elbow arthritis; patients with a non-
union distal humerus fracture; those with bony tumors, os-
teonecrosis, or with dysfunctional instability; as well as for
those patients who have had unsuccessful nonoperative man-
agement or unsuccessful previous surgical procedures, who
are over 60 to 65 years of age and whose physical demands
are relatively low.14,27,29,51,58 However, since the first cemented
TEA was introduced several decades ago, the indications for
this procedure have broadened considerably as the design of
prosthetic implants and surgical techniques have evolved.
TEA is now considered for the younger patient depending on
their postoperative demands.25,28,46,88 A long-term follow-up
of patients, who had undergone TEA at or before the age of
40 for various types of elbow arthritis, showed that 93% con-
tinued to have good to excellent outcomes at a mean duration
of 91 months after surgery.25,88

In addition to management of advanced arthritis, TEA is
now considered a preferred surgical alternative to open 
reduction and internal fixation for management of severely
comminuted, intra-articular distal humeral fractures sus-
tained by elderly patients.27,29,66

CONTRAINDICATIONS: Absolute and relative contraindica-
tions for TEA are identified in Box 18.3.29,71 It is important to
note, however, with the exception of active infection, there is
lack of agreement as to which contraindications are absolute
versus relative.
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Procedure

Background
The complex structural relationships among the HU, HR, and
proximal RU joints have made developing a prosthetic elbow
joint a challenging task. Following introduction and use of
early cemented elbow replacements,33 incremental improve-
ments in design, materials, fixation, and surgical technique
have contributed to increasingly predictable and successful
outcomes.29,33 Elbow replacement systems include a humeral
and an ulnar implant (Fig. 18.4), and some designs also in-
clude replacement of the head of the radius.33,58,61,73,76

Implant design and selection considerations. Early de-
signs were hinged (linked, articulated) and fully constrained
metal-to-metal humeral and ulnar implants that allowed only
flexion and extension of the elbow joint.29,33,46,93 These de-
signs made no allowances for normal varus and valgus and
rotational movements, and hence, the implants rapidly loos-
ened at the bone-cement interface. Metal fatigue at the linkage
of the prosthetic components and joint dislocation also were
common complications.9,27 As more accurate information
about the biomechanical characteristics of the elbow joint be-
came known, the design of prosthetic replacements evolved.
In addition to a functional arc of flexion and extension, con-
temporary designs provide 5° to 10° of varus and valgus as
well as rotational motion (Fig. 18.5).27,33,56,58

The designs of total elbow replacement can be classified
into two broad categories: linked (articulated) and unlinked
(nonarticulated). Rather than being fully constrained, as the
early components were, linked humeral and ulnar implants
are now loosely constrained and, as such, are referred to as
semiconstrained designs.8,58,73,76 Designs classified as unlinked
favor a more anatomic and bone-preserving humeroulnar 
articulation with an additional radial head component in an
effort to increase stability.8,34,46,58 The most recent advance in

implant design is the convertible or hybrid implant, which can
be inserted as either a linked or unlinked replacement system.
Use of a convertible or hybrid implant enables the surgeon to
determine the more appropriate design based on intraopera-
tive observations and evaluation.8,58
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BOX 18.3 Contraindications to Total Elbow
Arthroplasty

Absolute
■ The presence of active (acute or subacute) infection in the

skin, soft tissue, or bone
■ Complete ankylosis of the neuropathic elbow joint
■ Severely contracted, scarred, or burned skin resulting in

poor-quality soft tissue at the elbow
■ Inadequate muscle power of the elbow musculature

Relative
■ Lack of patient compliance
■ History of previous elbow infection
■ Chronic instability
■ Heterotopic ossification or pain-free ankylosis
■ Insufficient bone stock
■ Dysfunctional hand
■ The younger patient with high demand

FIGURE 18.4 (A) Anteroposterior and (B) lateral radiographs follow-
ing placement of a Conrad-Morrey (linked/semiconstrained) total elbow
arthroplasty. (From Field, LD, and Savoié, FH, III: Master Cases: Shoulder
and Elbow Surgery. New York: Thieme, 2003, with permission.)

A

B

5850_Ch18_623-656  18/08/17  9:46 AM  Page 634



The criteria for use of a linked or unlinked TEA are based
in part on the characteristics of these designs with respect
to stability. Linked designs derive inherent stability from one
or two pins, which couple the humeral and ulnar compo-
nents.73 In addition, some semiconstrained designs have an
anterior flange to enhance joint stability and decrease the
risk of posterior dislocation.33,77 Unlinked implant systems,
although sometimes referred to as unconstrained, actually
have varying degrees of constraint built into their designs
based on the degree of congruency of the articulating sur-
faces.34,58,61 The less constraining the articular surfaces of
the implants, the more reliant the replacement system is on
the surrounding soft tissues, particularly the collateral liga-
ments, for joint stability.

Semiconstrained (linked) implants are the most common
types of elbow prostheses used in North America. Overall,
linked designs, because of their inherent stability, are con-
sidered appropriate for use with a broader spectrum of pa-
tients, including those with unstable elbows, than unlinked
designs.29,33,56,58 Although both linked and unlinked designs
derive some degree of stability from the supporting capsu-
loligamentous structures and elbow musculature, the in-
tegrity of these soft tissues is far more critical for successful
use of unlinked than linked designs.8,29,33,56,58

In addition to considerations related to stability, the etiol-
ogy and extent of joint destruction, the degree of deformity,
the quality of the available bone stock, and the training and
experience of the surgeon are factors that influence the type
of replacement system used.33

Materials and fixation. A stemmed titanium humeral
component that has a cobalt-chrome alloy articulating sur-
face interfaces with a high-density polyethylene articulating
surface of a stemmed ulnar component.8,33 Currently, pros-
thetic components are cemented in place with polymethyl
methacrylate, an acrylic cement. Some designs also have a
porous-coated extramedullary flange for osseous ingrowth.
To date, all-cementless fixation has not yet been developed
for TEA.29,33

Operative Overview
The following is a brief overview of typical elements involved
in a TEA.29,3,34,46,61,73,76 A longitudinal incision is made at the
posterior aspect of the elbow, either slightly lateral or medial
to the olecranon process. The ulnar nerve is isolated, tem-
porarily displaced, and protected throughout the procedure.
The distal attachment of the triceps is detached and reflected
laterally with a triceps-reflecting approach or split longitudi-
nally and retracted along the midline with a triceps-splitting
approach.29,34,76 The more recently developed triceps-sparing
(triceps-preserving) approach is also an option. It involves 
incisions on the medial and lateral aspects of the elbow joint.
This approach preserves the attachment of the triceps tendon
on the olecranon but makes insertion of the implants more
technically challenging.9,46

As the procedure progresses, ligaments and other soft tis-
sues are released as necessary; the posterior aspect of the cap-
sule is incised and retracted and the joint is dislocated. In
preparation for the implants, small portions of the distal
humerus and proximal ulna are resected. Depending on the
status of the radial head, the integrity of the collateral liga-
ments, and the design of the prosthesis, the head of the ra-
dius may or may not be excised. Then the intramedullary
canals of the humerus and ulna and possibly the radius are
prepared, and trial components are inserted. The available
ROM and stability of the prosthetic joint are checked intra-
operatively and x-rays are taken to confirm proper alignment
of the implants. The components are then cemented in place,
and the capsule and any ligaments that had ruptured prior
to surgery or were released during the procedure are repaired
to the extent possible or necessary based on the design of the
prosthesis and the quality of the structures. If detached or
split, the extensor mechanism is securely reattached or metic-
ulously repaired. Following possible anterior transposition
and careful placement of the ulnar nerve in a subcutaneous
pocket, the incision is closed, and a sterile compressive dress-
ing and posterior and/or anterior orthosis are applied to im-
mobilize the elbow and forearm. The arm is elevated to
control peripheral edema.29

Complications
Although the incidence of complications has declined steadily
over the past few decades as selection of patients, prosthetic
design, and surgical technique have improved, complications
after TEA continue to occur more frequently than after total
hip, knee, or shoulder arthroplasty.56,108
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FIGURE 18.5 A linked, semiconstrained design is characterized by
varus-valgus and axial rotation tolerances of several degrees at the
articulation. (From Morrey, BF [ed]: The Elbow and Its Disorders, ed. 4.
Philadelphia: Saunders Elsevier, 2009, p 766, with permission from
the Mayo Clinic Foundation.)
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 FOCUS ON EVIDENCE
In the mid-1990s, a comprehensive review of the literature
indicated that the overall rates of complications following
TEA ranged from 20% to 45%. A recent systematic review of
the results of subsequent studies (published from 1993 to
2009), however, indicated that the mean overall rate of com-
plications after contemporary, primary TEA (semiconstrained
and nonconstrained designs) was 24.3% (± 5.8%).108

Complications are categorized as intraoperative and 
postoperative—early or late (before or after 6 weeks).85

Intraoperative complications. Intraoperative complica-
tions, such as fracture and component malpositioning, can
significantly affect short- and long-term outcomes. Ulnar
nerve damage or irritation, either transient or permanent, can
also occur intraoperatively from handling or during the early
weeks after surgery from compression,9,56,85,108 typically caus-
ing paresthesia but not weakness.97

Postoperative complications. Deep infection, a concern
after any surgery, is reported to occur in an average of 3.3%
(± 2.9%) of cases following current-day TEA.56,108 This rate
is higher for TEA than large joint arthroplasties, owing to
the thin layer of soft tissues covering the elbow joint and be-
cause the majority of patients undergoing TEA have inflam-
matory arthritis and a compromised immune system due to
medication.56,97,108

Other postoperative complications, including joint in-
stability, wound healing problems, and triceps insufficiency,
are of particular concern during the early and intermediate
phases of rehabilitation. Despite continuing improvements
in implant design and fixation and surgical techniques,
some complications develop several months or even years
after surgery. These complications include aseptic (biome-
chanical) loosening of the prosthetic implants over time at
the bone-cement interface (the most common long-term
complication and reason for revision arthroplasty), peripros-
thetic fracture, and mechanical failure or premature wear of
the components.9,43,46,56,108

It is important for a therapist to be familiar with the inci-
dence and possible causes of complications after TEA in order
to effectively structure and progress a postoperative rehabili-
tation program that decreases at least some of the risk factors
associated with these complications. The incidence and char-
acteristics of selected postoperative complications (joint in-
stability, triceps insufficiency, prosthetic loosening) after TEA
and factors that contribute to these complications are sum-
marized in Box 18.4.9,85,97,108 Precautions to reduce the risk
of these and other complications are addressed in the follow-
ing section on postoperative management.

Postoperative Management
The overall goal of rehabilitation after TEA is to achieve pain-
free ROM of the elbow joints as well as strength of the upper
extremity sufficient for functional activities while minimizing

the risk of early or late postoperative complications. This goal
is best achieved with an individualized rehabilitation program
based on a thorough examination of each patient’s postoper-
ative status.

Immobilization
As noted previously, a soft compression dressing is applied
at the close of surgery. A well-padded anterior, posterior,
or hinged orthosis is used to immobilize the elbow and
maintain stability and protect structures as they heal. Rec-
ommendations for the positions and duration of immobi-
lization vary.

Position. The position of immobilization is based on a
number of factors, including the surgical approach, the im-
plant design, and which soft tissues were repaired and re-
quire protection.7,29,34 If, for example, a triceps-reflecting
approach was used for a linked TEA, full or almost full
elbow extension and a neutral position of the forearm typ-
ically will be selected to protect the reattached triceps 
tendon.7,29,34,51,73,77 In contrast, with an unlinked TEA,
which typically requires repair of the lateral ligament com-
plex, because of preoperative damage, or release for opera-
tive exposure of the joint, the position of immobilization
is a moderate degree of flexion with limitation of full fore-
arm supination to lessen stress on the repaired ligaments.7,85

If a patient had a significant preoperative elbow flexion
contracture that was surgically released, an anterior ortho-
sis may be selected with the elbow placed in the available
amount of extension. An extended position is also indicated
if symptoms of ulnar neuropathy are present to alleviate
pressure in the cubital tunnel.9,77,85

Duration. The period of continuous immobilization after
surgery, which is kept as short as possible to avoid stiffness,
also varies widely, ranging from 1 to 2 days to several weeks
(in patients who are immunosuppressed or have RA with
thin, friable skin).29 This time period depends on the design
of the prosthesis, the surgical approach, the integrity of liga-
mentous structures, intraoperative observations by the sur-
geon, and the integrity of the skin and subsequent wound
healing. In general, unlinked/resurfacing designs, which have
little inherent stability, require a longer period of immobiliza-
tion than linked/semiconstrained designs.9

If there is increased risk of delayed wound healing because
of poor skin quality or a patient’s history of diabetes, smok-
ing, or use of steroids, the elbow may be continuously main-
tained in extension for 10 to 14 days postoperatively to limit
stress on the posterior incision.3,77,85 Even after it is permissi-
ble to remove the orthosis for exercise or self-care, the patient
is advised to continue to wear the orthosis at night for pro-
tection for up to 6 weeks.7,29,51 If there was a preoperative flex-
ion contracture, an adjustable orthosis that maintains the
elbow in extension is worn periodically during the day for a
prolonged stretch and a static (resting) orthosis is worn at
night to hold the arm in a comfortably extended position.
This regimen may be followed for 8 to 12 weeks postopera-
tively to prevent recurrence of the contracture.29,51,73,77
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Exercise Progression
The progression of a postoperative exercise program after
TEA varies considerably based on many factors. Key factors
and their impact on postoperative rehabilitation are identified
in Table 18.2.7,34,110 The rehabilitation process proceeds most
rapidly when a triceps-sparing approach is used to insert a
linked replacement in a patient whose incision is healing well.
On the other end of the spectrum, in which rehabilitation
must progress more cautiously, is the use of a triceps-reflecting
approach for an unlinked replacement, requiring release and
repair of the lateral ligament complex in a patient with poor
skin quality. 

Just as the progression of exercise is based on the unique
features of each patient’s surgery, precautions are determined
in a similar manner. It is particularly important for the ther-
apist to know the status of repaired soft tissues to incorporate
the necessary precautions into the exercise program. Infor-
mation in the operative report and close communication with

the surgeon are the best sources for these details. Specific pre-
cautions for exercise and functional use of the operated upper
extremity are summarized in Box 18.5.7,14,73,97,110 Patient ed-
ucation about these precautions should occur throughout the
rehabilitation program. A patient’s adherence to precautions
ensures more positive outcomes and lessens the likelihood of
short- or long-term postoperative complications related to
exercise and use of the operated arm for functional activities.

Exercise: Maximum Protection Phase
The focus during the first phase of rehabilitation, which ex-
tends approximately over a 4-week period, includes control
of inflammation, pain, and edema with use of medication as
needed, application of cold, and regular elevation of the post-
surgical arm. Emphasis is also placed on careful inspection of
the wound, protection of repaired soft tissues as they begin
to heal, and early ROM exercises to offset the adverse effects
of immobilization without jeopardizing the stability of the
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BOX 18.4 Analysis of Three Potential Complications After Total Elbow Arthroplasty

Joint Instability
■ Incidence. One of the more common complications after TEA;

predominantly a problem in unlinked arthroplasty;9,56,108

overall rate of dislocation and symptomatic instability of
contemporary TEA, an average of 3.3% (± 2.9%).108

■ Higher incidence with prior radial head resection.
■ Higher rate in unlinked implants (reported at 4% to 

15%, mean 8%) 61 than in linked implants (reported at 0% 
to 14%, mean 3.5%).55

■ Characteristics. Early or late onset; associated with pain and
loss of function.
■ Disruption of a repaired LCL complex → posterolateral,

rotary, and varus instability; disruption of a repaired MCL
complex → posteromedial and valgus instability.

■ Disruption of triceps mechanism → diminished dynamic
compressive forces across the joint.

■ Contributing factors. Excessive release or inadequate or failed
soft tissue repair → deficient static or dynamic stabilizers
(possibly due to inadequate postoperative immobilization 
and excessive postoperative stresses across the elbow,
particularly during the early postoperative period before soft
tissue repairs have healed), malpositioning of implants, and
long-term polyethylene wear of the ulnar component increase
the risk of instability.9,61,85

Triceps Insufficiency
■ Incidence. Primarily occurs after surgical approaches 

that disrupt the triceps mechanism; occurs in both 
linked and unlinked arthroplasty, usually during the first
postoperative year.97 Examples of rates of occurrence
reported in separate retrospective studies: 1.8% of 887
elbows,24 and 11% of 28 elbows,55 and 2.4% (± 2.4%) of
2,938 elbows reported in a recent systematic literature
review of contemporary TEA.108

■ Higher overall risk in patients with previous elbow surgery
before TEA.24

■ Characteristics. Partial or complete rupture, or avulsion, of the
extensor mechanism (during the early or late postoperative
period), weakness (particularly in terminal extension), often
posterior elbow pain, and difficulty with pushing activities and
overhead functions, such as combing one’s hair.

■ Contributing factors. Occasionally postoperative trauma but
most commonly a failed surgical reattachment or repair of a
poor quality tendon; premature or excessive ROM or loads
on the extensor mechanism during early rehabilitation or
during long-term functional use of the arm.61

Implant Loosening
■ Incidence. The most common postoperative complication,

occurring in linked (semiconstrained) more than unlinked
(nonconstrained) implants. Overall rates are lower with
contemporary TEA designs (mean, 5.1%, ± 3.4%)56,108 than
earlier designs but remain higher than after hip, knee, and
shoulder arthroplasty.85 The more constrained the design, the
greater the risk of loosening.
■ Rate of clinical loosening reported in individual studies of

contemporary implants up to a 6-year follow-up has been
reported to range from 0% to 6%.55,77

■ Rates of 0% to 3% reported in patients with RA over a mean
follow-up of 3.8 years56,77 and in patients with posttraumatic
arthritis with a mean follow-up of 5 years.

■ The incidence of radiological loosening is consistently higher
than clinical loosening (when the patient becomes
symptomatic).

■ Characteristics. Aseptic (biomechanical) loosening, a late
complication, occurs at the bone-cement interface typically of
the ulnar component;46,56 clinical loosening is associated with
pain. Excludes loosening caused by infection.9,56

■ Contributing factors. Inadequate cementing technique, implant
malpositioning, and lack of adherence to postoperative activity
modification. High-load, high-impact activities place patient at
higher risk of loosening.
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TABLE 18.2 Factors That Influence the Progression of Exercise After Total Elbow Arthroplasty

Factors Impact on Rehabilitation

■ Design of prosthesis: linked/
semiconstrained vs. unlinked/
resurfacing

■ Surgical approach: triceps-sparing vs. 
triceps-splitting or triceps-reflecting

■ Preoperative and postoperative 
status of supporting ligaments of 
the elbow

■ Wound healing

■ Ulnar neuropathy

■ Surgical release of a preoperative 
elbow flexion contracture

■ Earlier ROM and use of the operated upper extremity for light ADL with linked/
semiconstrained replacements, which typically do not require ligament repair
for joint stability

■ More protected, controlled motion during exercise and delayed use for ADLs
with unlinked/resurfacing replacements, which typically require repair of
supporting ligaments for stability

■ Initial postoperative ROM permissible through a greater range of flexion and
earlier active antigravity elbow extension, low-load resistance exercise, and
light ADL with triceps-sparing approach

■ Earlier and less protected motion during exercise, less protected use during
ADs, and less time in orthosis during the day and at night if ligaments were
intact preoperatively and did not undergo a release and/or repair during
arthroplasty

■ Longer duration of immobilization of the elbow in an extension orthosis or
delayed end-range flexion if posterior skin quality is poor and healing of the
incision is delayed

■ May require immobilization in an extension orthosis or delay of exercises to
regain elbow flexion

■ May require use of extension orthosis at night 

BOX 18.5 Specific Precautions After Total Elbow Arthroplasty

ROM Exercise
■ Perform ROM exercises only within the arc of motion achieved

during surgery.
■ To reduce postoperative stress on a repaired triceps

mechanism, avoid end-range flexion during assisted ROM and
active, antigravity elbow extension for 3 to 4 weeks.

■ Also avoid early, end-range elbow flexion to decrease stress
on the incision and reduce the risk of compromising wound
healing.

■ If elbow stability is questionable after an unlinked total elbow
arthroplasty, limit full extension of the elbow and rotation of
the forearm, particularly supination past neutral, to avoid
overload on repaired lateral ligaments for 4 weeks. With an
unlinked replacement, the greatest risk of instability is when
the elbow is extended beyond 40° to 50°.7

■ If symptoms of ulnar nerve compression are noted, avoid
prolonged positioning or stretching into end-range flexion.

Strengthening Exercises
■ Postpone resisted elbow extension for 6 weeks (or as long as

12 weeks) if a triceps-reflecting approach was used.
■ When strengthening the shoulder, apply resistance above the

elbow to eliminate stresses across the elbow joint.

■ Weight training using moderate and high-loads is not
appropriate after total elbow arthroplasty.

Functional Activities
■ Avoid lifting or carrying any objects with the operated

extremity for 6 weeks or objects greater than 1 lb for 
3 months.

■ If the triceps mechanism was detached and repaired, avoid
pushing motions, including propelling a wheelchair; pushing
up from a chair; and using a walker, crutches (other than
forearm platform design), or a cane for at least 6 weeks or as
long as 3 months.

■ If an unlinked replacement was implanted, do not lift weighted
objects during daily tasks with the elbow extended to avoid
shear forces across the lateral ligament repair, which could
contribute to posterolateral instability.

■ Limit repetitive lifting to 1 lb for the first 3 months, 2 lb for the
first 6 months, and no more than 5 lb thereafter. Never lift
more than 10 to 15 lb in a single lift.7,34,61

■ Do not participate in recreational activities, such as golf,
volleyball, and racquet sports, that place high-loads or impact
across the elbow.
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prosthetic joint. Assisted ROM as tolerated and within 
the ranges achieved intraoperatively is typically initiated 2 to
3 days after linked TEA and a few days later after unlinked
TEA if the elbow is stable.7,29,37

CLINICAL TIP
If there was significant preoperative instability of the elbow
or if the repair of ligaments released during surgery is in ques-
tion, elbow ROM typically is delayed for 7 to 10 days. When
motion is initiated, the patient may need to wear a hinged or-
thosis for 4 to 5 weeks that allows only flexion and extension
and restricts rotation of the forearm.7,14,37 

Goals and interventions. The goals and exercise interven-
tions during this first phase include the following:7,14,37,51,61,73,77

■  Maintain mobility of the shoulder, wrist, and hand.
■ Active ROM of these regions during the immediate post-

operative period. This is particularly important for the
patient with RA or JRA involving these joints.

■  Regain motion of the elbow and forearm.
■ After a linked TEA or if the elbow is stable after an un-

linked TEA, start with gentle self-assisted elbow flexion/
extension and pronation/supination with the elbow
comfortably flexed and the forearm in mid-position,
progressing to active ROM as tolerated. As acute symp-
toms subside, have the patient maintain the end-range
position to apply a very low-intensity stretch.

■ If the triceps mechanism was reflected and repaired,
limit assisted flexion to 90° to 100° for the first 3 to 
4 weeks to avoid excessive stretch on the repaired triceps
tendon. Perform active elbow flexion/extension in a
seated or standing—rather than supine—position for
the same time frame to avoid antigravity extension,
which also could cause excessive stress to the reattached
triceps mechanism and subsequent insufficiency.7 While
sitting and standing, elbow extension is a gravity-assist 
extension and is controlled by an eccentric contraction
of the elbow flexors.

■ If a linked replacement was implanted using a triceps-
sparing approach, there is little to no risk of early postop-
erative instability or disruption of the triceps mechanism.
Therefore, active ROM in all planes of motion is permis-
sible immediately.

NOTE: Some sources recommend after linked arthroplasty in-
volving a triceps-reflecting approach—and if secure reattach-
ment of the triceps tendon was achieved—that ROM exercises
progress as tolerated without restriction.14,29,77

■  Minimize atrophy of upper extremity musculature.
■ Gentle, pain-free muscle-setting exercises of elbow mus-

culature (against no resistance) while in the orthosis and
later, multiple-angle setting exercises when the orthosis
can be removed.

■ Low-intensity, isometric resistance exercises of the shoul-
der, wrist, and hand.

■ Use of the hand for light functional activities as early
as 1 to 2 weeks postoperatively if a linked replacement
was inserted but several weeks later after an unlinked
TEA.14,29,37,73,77

Exercise: Moderate and Minimum 
Protection Phases
By about 4 to 6 weeks postoperatively, soft tissues have healed
sufficiently to withstand increasing stresses. By 12 weeks, bar-
ring complications, only minimum protection is necessary;
therefore, a patient typically can resume most functional 
activities with some imposed restrictions (see Box 18.6).
However, the recommended timeline for return to a reason-
ably full level of activity with ongoing lifting restrictions
varies from 6 weeks34,61,73 to 3 to 4 months.7,14,29

Goals and interventions. The focus of rehabilitation during
the intermediate and final phases is to improve ROM to the
extent achieved intraoperatively, regain strength and en-
durance of elbow musculature, and use of the operated arm
for functional activities with a permanent lifting restriction
of 5 pounds.14,29 However, these goals must be reached with-
out disrupting repaired soft tissues or compromising the
stability of the elbow prosthesis. Strength and muscular en-
durance usually continue to improve up to 6 to 12 months
postoperatively by cautious use of the operated arm for func-
tional activities.

Patient education, especially with regard to the resumption
of functional activities, is ongoing until the patient is dis-
charged from therapy. The following goals and interventions
are added during the moderate and minimum protection
phases of rehabilitation.7

■  Increase ROM of the elbow.

NOTE: It is the opinion of the authors that use of joint mobi-
lization techniques to increase ROM of the elbow or forearm is
inappropriate after TEA, particularly with linked implants and/or
if the stability of the elbow is questionable. It is a more prudent
choice to forego full elbow motion than to jeopardize the sta-
bility of the joint.

■  Low-intensity, manual self-stretching.
■  Low-load, long-duration static dynamic orthotic inter-

vention,104 as described and illustrated in Chapter 4 (see 
Fig. 4.13), or alternating use of static orthoses, fabricated in
maximum but comfortable extension primarily at night.29

PRECAUTIONS: Emphasize end-range extension before end-
range flexion to protect the posterior capsule and the triceps
mechanism. If symptoms of cubital tunnel syndrome are pres-
ent (aching along the ulnar forearm and hand, paresthesia, or
hyperesthesia due to compression or entrapment of the ulnar
nerve), avoid prolonged or repeated end-range positioning or
stretching to increase elbow flexion.3,14,18

■  Regain functional strength and muscular endurance of
the operated extremity.
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NOTE: Some sources advocate progressive use of the postsur-
gical upper extremity to regain strength and muscular endurance
rather than an exercise program.61,73,77

■ Resisted, multiple-angle isometric exercises at 5 weeks if
not initiated previously.

■ Light ADLs (initially <1 lb of weight) performed with
the arm positioned along the side of the trunk and the
elbow flexed. If a triceps-reflecting approach was used,
incorporate activities that require elbow flexion, such as
eating, drinking or brushing teeth, before elbow exten-
sion. Initially modify activities to avoid those that require
lifting with the elbow extended and pushing motions,
such as pushing up from a chair or using a walker, axil-
lary crutches, or a cane.

■ Dynamic, open-chain resistance exercises no earlier than
6 weeks and often later using a light-weight (1 lb) or
light-grade elastic resistance. Emphasize gradually in-
creasing repetitions rather than resistance.

■ Repetitive lifting during exercise and functional activi-
ties limited to 1 lb for the first 3 months and 2 lb for the
next 3 months. Permanently limit repetitive lifting 
to no more than 5 lb and a single lift to no more than
10 to 15 lb.7,14,29,34,61 (See Box 18.5 for additional restric-
tions to strengthening exercises and functional activities.)

■ Low-load, closed-chain activities, such as wall push-ups,
after 6 weeks or later (when the triceps mechanism and
posterior capsule have healed).

CONTRAINDICATIONS: High-load progressive resistive 
exercise (PRE), heavy lifting during home- and work-related 
activities, and recreational activities that place high-loads or
impact on the upper extremities (e.g., racquet and throwing
sports or golf) are not allowed after TEA. These activities must
be permanently avoided to reduce the risk of complications,
such as elbow instability, implant loosening, and polyethylene
wear.28,37,56,59,61,108

Outcomes 
Although the results of the early use of TEA during the 1970s
were unsatisfactory, improvements in prosthetic design and
fixation, surgical techniques, postoperative management, and
criteria for patient selection have made this procedure a reli-
able means for relieving pain, restoring joint stability, improv-
ing physical function and regaining patient participation.

The outcomes of TEA and postoperative rehabilitation typ-
ically are assessed by a combination of patient self-report in-
struments that address pain relief, function, and quality of life
(e.g., the Patient Related Elbow Evaluation form or the Disabil-
ities of the Arm, Shoulder, and Hand [DASH] questionnaire),
and physician-administered tools (e.g., the American Shoulder
and Elbow Surgeons Questionnaire or the Mayo Elbow Per-
formance Score, which also include measurements of ROM,
strength, and specific shoulder and elbow functions).6,56,88,91

Because of the variety of tools used, direct comparison
among studies is often difficult.

Pain relief and patient satisfaction. Complete or nearly
complete relief of pain is the most consistently positive and
predictable outcome after elbow arthroplasty, occurring in
more than 85% to 95% of patients.29,91

As noted at the beginning of this discussion on TEA, al-
though the indications have broadened over the past four
decades, elbow arthroplasty continues to be used most fre-
quently in patients with RA followed by patients with post-
traumatic arthritis. Follow-up studies of patients with these
and other underlying pathologies who have undergone
linked or unlinked TEA indicate an overall high rate of 
patient satisfaction, with 80% to 100% of patients report-
ing “good” or “excellent” results after linked25,48,55,91 and 
unlinked34,61,88,91 TEA.

ROM and functional use of the upper extremity.
Improvements in elbow ROM after TEA have improved along
with the improvements in implants and surgical techniques,
although decreasing pain and maintaining stability of the
prosthetic elbow postoperatively are a higher priority than
gaining full ROM. Results of most studies of linked48,55,91 and
unlinked57,91 arthroplasty indicate an increase in the arc of
elbow extension/flexion and forearm rotation in patients with
late-stage posttraumatic arthritis, RA, and JRA. Anecdotal 
evidence suggests that most gains are achieved within 6 to 
12 weeks but occasionally up to 6 months postoperatively. 
Patients with little active movement of the elbow because of
preoperative instability have exhibited marked improvement
of active motion postoperatively. Examples of the arc of 
extension/flexion achieved after TEA are 15° to 133°,37,50 19°
to 140°,55 22° to 135°,27 and 28° to 131°, with pronation/
supination of 68° and 62°, respectively.48 Remember that arcs
of 100° (from 30° to 130° of extension/flexion and 50° each
of pronation/supination) are necessary for most functional
activities.78 Therefore, in all of these studies, functional ROM
for extension and flexion was achieved.

It is important to note that when reviewing the literature
for this summary of outcomes, there were no studies that com-
pared outcomes after different approaches to rehabilitation.

TEA survival rates. “Survival rate” (the point at which re-
vision arthroplasty is necessary) following current-day TEA
appears to depend more on a patient’s underlying pathol-
ogy than on the type of prostheses implanted.46 Relatively
recent long-term studies of patients with RA, for example,
have indicated that the survival rate of implants is 90% to
92% at a mean of 5 years43,55,91 and 86% at a minimum of
10 years43,48,91 after linked (semiconstrained) arthroplasty
and after unlinked arthroplasty. Overall prosthetic sur-
vivorship rates tend to be lower and the risk of revision
arthroplasty higher in patients with posttraumatic arthritis
or primary osteoarthritis than in patients with RA. This
may be because of generally higher activity levels—and
therefore, greater loads placed across the elbow—in those
with posttraumatic arthritis than in those with inflamma-
tory disease.43,108
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There is general consensus that for the best long-term re-
sults, a patient must be selective in the type of work-related
or recreational activities performed, modifying some activities
and eliminating those that impose high-loads and high im-
pact on the elbow.

As with all types of total joint arthroplasty, TEA survival
rates deteriorate over time regardless of underlying pathol-
ogy, type of implant, and the extent of stress placed on the
elbow.43

Myositis Ossificans

The terms myositis ossificans and heterotopic ossification (HO)
or ectopic bone formation are often used interchangeably to
describe the formation of bone in atypical locations of the
body.70 Some resources use the term myositis ossificans to de-
note only ossification of muscle. More often, the term is used
generally to characterize HO or bone formation in the mus-
cle-tendon unit, capsule, or ligamentous structures. In this
text, the terms myositis ossificans and heterotopic ossification
are used synonymously.

Etiology of Symptoms
The prevalence of HO following elbow fracture has been re-
ported to be as high as 40% and is most commonly located
at the posteromedial aspect of the elbow.94 HO may develop
after a comminuted fracture of the radial head, a fracture-
dislocation (supracondylar or radial head fracture) of the
elbow, or a tear of the brachialis tendon.53,70,81,94 Patients with
concurrent traumatic brain injury or spinal cord injury, or
patients with burns to the extremities, have a much higher
risk in developing this complication.53,70,81,94 Additional risk
factors for developing HO include delayed internal fixation
and use of bone graft and/or bone-graft substitute. More 
severe HO is associated with concomitant distal humeral frac-
ture, triad injury, and elbow fracture-dislocation. Delay in 
intervention increases the risk of HO.81,94 While some believe
that too much motion or aggressive stretching following 
injury exacerbates HO, others believe that HO occurs due to
a lack of motion. There is no evidence or consensus to indi-
cate that overstretching or participation in physical therapy
contributes to HO.94

Clinical presentation of HO involves a restriction of joint
motion after an inciting trauma. Palpation of a locking sen-
sation at terminal extension or flexion is also an indication of
HO rather than of joint contracture.94 Heterotopic ossifica-
tion begins approximately 2 weeks after the injury, and the
patient often presents with swelling, warmth, and pain. As the
process continues, the warmth, erythema, and swelling will
gradually resolve, which may be accompanied by a gradual
loss of elbow motion.70 Palpation of the distal brachialis mus-
cle is tender. After the acute inflammatory period, heterotopic
bone formation is laid down in muscle between, not within,

individual muscle fibers or around the joint capsule within a
2- to 4-week period. This makes the muscle extremely firm
to touch. Although this condition can permanently restrict
elbow motion, in most cases, the heterotopic bone is largely
reabsorbed over several months and motion usually returns
to near normal.70 

Management
Prophylaxis use of NSAIDs should be considered for those at
high risk for developing HO. If there are gastrointestinal 
contraindications, radiation therapy may also be considered.
Surgical excision may be considered when the HO is symp-
tomatic and/or restricts the functional arc of motion at the
elbow, especially if it interferes with the patient’s activities or
ability to participate. When considering surgical intervention
a risk-benefit ratio must be considered.70.81 If treated opera-
tively, the elbow is frequently managed with continuous pas-
sive motion and a hinged adjustable orthoses. Passive stretching
should be introduced with extreme caution in the inflamed,
posttraumatic, and/or postsurgical elbow when ROM is initi-
ated to avoid exacerbating the inflammation, which may result
in elbow contracture.69

Overuse Syndromes:
Repetitive Trauma
Syndromes

Overuse can occur in any musculotendinous structure in the
elbow region, including the flexors and extensors of the
elbow; however, it most commonly occurs in the muscles at-
tached to the lateral or medial epicondyles in response to
repetitive stressful forearm and wrist motions. Current evi-
dence has shown that the traditional terms, tendinitis or epi-
condylitis, do not accurately reflect the true pathology of
these conditions. The evidence has demonstrated that these
conditions are degenerative in nature and do not reflect an
inflammatory process as indicated by a lack of inflammatory
cells, but rather involve dysfunctional vascular and fibrous
tissue and disorganized collagen.39,40,83 The terms tendinosis
and tendinopathy refer to the degenerative changes in the
tendon tissue, which includes immature fibroblastic and
vascular elements, resulting in weakening of the tendinous
structure.38-40,83,105

Related Pathologies
Lateral Elbow Tendinopathy (Tennis Elbow)
Tennis elbow is commonly referred to as lateral epi-
condylitis (despite current literature), lateral epicondylal-
gia, lateral epicondylosis, or lateral elbow tendinopathy.100,105

Symptoms include pain over the lateral epicondyle of 
the humerus, primarily with gripping activities. Activities
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requiring firm wrist stability, such as the backhand stroke
in tennis, or repetitive work tasks that require repeated
wrist extension, such as computer work or pulling weeds in
a garden, can stress the musculotendinous unit and cause
symptoms. The primary structure involved is the origin of
the extensor carpi radialis brevis muscle,38,73,105 although
the extensor digitorum is also involved in approximately
50% of patients.83

Positive tests of provocation include palpation tender-
ness on or near the lateral epicondyle, pain with resisted
wrist extension performed with the elbow extended, pain
with resisted middle finger extension, and pain with pas-
sive wrist flexion with the elbow extended and forearm
pronated.39,63

NOTE: Pulled elbow, pushed elbow, radial head arthritis, radial
head fracture, pinched synovial fringe, radial tunnel syndrome,
cervical root compression, and periosteal bruise are also pos-
sible sources of lateral elbow pain and are sometimes inaccu-
rately diagnosed as tennis elbow.16,83

Medial Elbow Tendinopathy (Golfer’s Elbow)
Golfer’s elbow, also known as medial epicondylitis, medial
epicondylalgia, or medial epicondylosis, involves the com-
mon flexor/pronator tendon at the tenoperiosteal junction
near the medial epicondyle. It is associated with repetitive
movements into wrist flexion, such as swinging a golf club,
pitching a ball, or work-related grasping and lifting heavy
objects. Concomitant ulnar neuropathy may be an associ-
ated finding.5,83

Positive tests of provocation include palpation tender-
ness on or near the medial epicondyle, pain with resisted
wrist flexion performed with the elbow extended, and pain
with passive wrist extension performed with the elbow 
extended.

Etiology of Symptoms
The most common cause of medial or lateral epicondylalgia
is excessive repetitive use or eccentric strain of the wrist or
forearm muscles. The result is micro damage and partial
tears, usually near the musculotendinous junction when the
strain exceeds the strength of the tissues and when the de-
mand exceeds the repair process. With repetitive trauma,
fibroblastic activity and collagen weakening occurs. Recur-
ring problems are seen because the resulting immobile or
immature scar is redamaged when returning to activities
before there is sufficient healing or mobility in the sur-
rounding tissue.

Mechanical nerve pain hypersensitivity over the radial and
ulnar nerves and their nerve trunks has been reported in pa-
tients with medial and lateral epicondylalgia. These findings
suggest the presence of central and peripheral sensitization
mechanisms in this patient population.16,32,41,42,59,83 

Common Impairments of Structure
and Function
■  Gradually increasing pain in the elbow region after exces-

sive activity of the wrist and hand
■  Pain when the involved muscle is stretched or when it con-

tracts against resistance
■  Decreased muscle strength and endurance for the demand
■  Decreased grip strength, limited by pain
■  Proximal weakness of shoulder and scapular musculature
■  Decreased mobility of the lower cervical and upper tho-

racic spine
■  Tenderness with palpation over the lateral or medial epi-

condyle or tendon origin

Common Activity Limitations 
and Participation Restrictions 
■  Inability to participate in provoking activities, such as

racket sports, throwing, or golf.
■  Difficulty with repetitive forearm/wrist tasks, such as sort-

ing or assembling small parts, typing on a keyboard or
using a computer mouse, gripping activities, using a ham-
mer, turning a screwdriver, shuffling papers, or playing a
percussion instrument.

Nonoperative Management of Overuse
Syndromes: Protection Phase
Decrease Pain
■  Immobilization. Rest the muscles by immobilizing the

wrist at night in an orthosis such as a wrist extension or
“cock-up” orthosis.19,20 

■  Pain reduction. Use of a counterforce brace (nonarticu-
lar, proximal forearm orthosis) has demonstrated a de-
crease in pain and increased pain-free grip strength and
function by reducing force transmission to the common
tendon.19,47,52,83,96,111

■  Patient instruction. Instruct the patient in “relative rest”—
that is, to keep moving and using that arm but to avoid ag-
gravating activities such as strong or repetitive gripping
actions.39,83

■  Cryotherapy. Use ice to help manage pain.64

Develop Soft Tissue and Joint Mobility
■  Cross-friction massage. Apply cross-friction massage at the

site of the lesion. For lateral elbow tendinopathy, find the
proximal tendon of the ECRB by locating the radial head,
slide dorsally around the radial head, and dive deep into
the soft tissue adjacent to the radial head. Ensure you are
on the correct tendon by having the patient lift the middle
finger. Teach the patient cross-friction massage techniques
in a home exercise program.54,80
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■  Neuromobilization. If increased symptoms occur with
upper limb neurodynamic testing, use neuromobilization
techniques as described in Chapter 13.

■  Soft-tissue mobilization. Apply soft tissue mobilization to
the wrist extensors or flexors to decrease soft tissue tight-
ness and trigger points commonly associated with lateral
and medial elbow tendinopathy.

■   Muscle mobility techniques. Apply gentle hold-relax tech-
niques to either the wrist extensor or flexor muscles (see 
Chapter 6). Begin with the respective muscles in the short-
ened position with the elbow flexed and wrist either in ex-
tension (for wrist extensor technique) or flexion (for the
wrist flexor technique). Repeat the gentle resistance for five to
six contractions then move the wrist toward neutral and re-
peat the contractions. Continue to progress the range of wrist
motion without going into the painful range. Once gentle con-
tractions in the full range of wrist motion are possible without
pain, progress to lengthening the muscle across the elbow by
increasing elbow extension. This progression may take several
weeks. Follow the gentle hold-relax techniques with pain-
free passive stretching as described in the following bullet.

■  Passive stretching. Use gentle pain-free passive stretching
techniques to elongate tight muscles. Hold stretches at least
20 to 30 seconds. Educate your patients that it is better to
do fewer repetitions and hold them a full 20 to 30 seconds,
then to perform short, quick stretches.
■ To stretch the wrist extensors, extend the elbow, pronate

the forearm, flex and ulnarly deviate the wrist, flex the
fingers, and gently press on the back of the hand until a
pain-free stretch is felt in the forearm.

■ To stretch the wrist flexors, extend the elbow, supinate the
forearm, extend and radially deviate the wrist, extend the
fingers, and gently press on the palm of the hand until a
pain-free stretch is felt in the forearm.

Maintain Upper Extremity Function
■  Active ROM. Have the patient perform ROM to all joints

to maintain the integrity of the upper extremity.
■  Resistive exercises. Have the patient perform shoulder and

scapular stabilization exercises with resistance applied
proximal to the elbow.17,62

Nonoperative Management:
Controlled Motion and Return 
to Function Phases
Utilize the following management guidelines and interven-
tions when pain has resolved.

Increase Muscle Flexibility 
■  Manual stretching techniques. Continue with passive

stretching as described above. In addition, use agonist
contract and hold-relax techniques to elongate the tight

musculature at an intensity that causes a stretching sen-
sation but does not increase pain (principles for applica-
tion of these techniques are described in Chapter 4). 

■  Self-stretching techniques. The patient may use a wall
(see Fig. 18.10) and slide the hand along the wall until a
stretch force is experienced, or the patient may use the
opposite hand to apply the stretch force. These techniques
are described in the self-stretching section later in the
chapter.

■  Cross-fiber (friction) massage. Continue with this tech-
nique as described above.

Restore Joint Tracking at the RU Joint
■  MWM. These pain-free techniques are used to correct a

positional fault and to bring about immediate improve-
ment in the patient’s condition.79 Several researchers
have reported decreased pain and increased grip strength
during or shortly after MWM at the elbow.20,21,107 The
following techniques are used if the patient experiences
pain when making a fist or with resisted wrist extension.
If immediate results do not occur, either the technique is
not appropriate for the patient or the technique is not
being done in the correct plane, grade, or direction of
mobilization.79

■ Patient position and procedure: Supine with the forearm
pronated, the elbow in slight flexion, and the shoulder
in internal rotation. Place the mobilization belt around
the patient’s proximal forearm at the joint line and over
your opposite shoulder facing toward the patient’s feet.
Stabilize the distal humerus with the proximal hand and
utilize the other hand to either stabilize the wrist during
a gripping motion or to provide resistance to wrist ex-
tension depending on the patient’s comparable sign.
Apply a gentle lateral sustained glide to the proximal
forearm with the mobilization belt while the patient
slowly extends their wrist 6-10 times. Build up to 3 sets
of 10 repetitions. Apply pain-free resistance to wrist ex-
tension when tolerated. The lateral glide and the muscle
contraction must be pain free (A). 

■ Alternative method: Stabilize the distal humerus with the
outside hand and apply gentle lateral glide of the proxi-
mal forearm with the inside hand. Have the patient slowly
extend their wrist or squeeze a foam ball 6-10 times in-
creasing to 3 sets of 10 as tolerated (Fig. 18.6 B). Both the
lateral glide and the muscle contraction must be pain
free. Add a light weight to provide resistance to wrist 
extension when tolerated.

■  Self-MWM. The patient stands with the humerus of the in-
volved elbow stabilized against a doorframe and the fore-
arm in the opening. The elbow is positioned at 90° with the
forearm in pronation and parallel to the floor. The patient
applies a gentle lateral glide to the proximal forearm with
the contralateral hand and then does slow, gentle gripping
of a squeezable ball (Fig. 18.6 C).
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Improve Muscle Performance and Function
■  Counter force elbow sleeve or strap. Use an elbow orthosis

to help reduce the load on the musculotendinous unit. This
type of orthosis has been shown to have the immediate ef-
fect of improving pain-free grip strength in individuals
with lateral epicondylosis.47,52,96,111

■  Dynamic resistance exercise. Progress to dynamic exercises
against manual or elastic resistance or free weights through
pain-free ranges. Initially, use low-intensity resistance with
multiple repetitions for muscular endurance, then progress
to more intense resistance to strengthen the muscles in
preparation for functional demands.
■ Eccentric training. Incorporate a progression of eccentric

contractions of the involved musculotendinous unit, first
within a comfortable wrist ROM against a low-intensity
load, at a slow speed, and preferably with the elbow in a
relatively extended position.20,92,100,103 Use of an isoki-
netic dynamometer enables the patient to perform repet-
itive, eccentric-only contractions.30 If elastic resistance or
a free weight is used, have the patient lift the weight or
lengthen the elastic band with the sound hand when 
returning to the starting position of wrist extension.65

■ Progressions. Progress to faster speeds before increasing
the resistance. When resistance is increased, return to a
slow speed and then again work up to a faster speed before
increasing the resistance and so on. Gradually perform the
eccentric contractions through a full, pain-free ROM.

 FOCUS ON EVIDENCE
There is emerging evidence and moderate research support
that suggests eccentric resistance training (typically combined
with a program of static stretching) is effective in the treat-
ment of lateral epicondylosis and weak evidence for the use
of isokinetic and isometric exercise.92 

Theoretical rationale suggests that progressive loading
is indicated for increasing tensile strength and muscle 

endurance. A treatment approach that includes eccentric
exercise performed in the range of 6 to 12 weeks with 3 sets
of exercises consisting of 10 to 15 repetitions is effective in
treating lateral epicondylosis and has the best current sup-
porting evidence.40,64,65,92,103

■  Functional patterns. As flexibility and strength improve
and the pain is brought under control, incorporate func-
tional training, utilizing functional patterns into the exer-
cises. Emphasize control of the resistance through the
pattern. If pain or deviation of the pattern with substitute
motions occurs, have the patient rest before resuming ad-
ditional repetitions. Exercises simulating the desired activity
are progressed from slow, controlled motions to high speeds
with low resistance to improve timing (see Fig. 18.22).

■   General strengthening and conditioning. Incorporate any
unused or underused part of the extremity or trunk into the
training program prior to returning to the stressful activity.38

■  Plyometric exercises. Add plyometrics to the program if
the patient’s goals include returning to sports or occupa-
tional activities that require elbow and forearm power. Sug-
gestions include the following and are described and shown
in Chapter 23.38

■ Dribbling a weighted ball against the wall or the floor
■ Flipping and catching a weighted ball
■ Bouncing a tennis ball on a short-handled racquet, pro-

gressing to a long-handled racquet
■ Rapid eccentric/concentric elbow and forearm motions

against elastic resistance
■ Rapid chest passes or overhead passes using a weighted

plyometric ball
■   Activity modification. It may be necessary to modify the 

patient’s activity or technique before he or she returns to the
repetitive or stressful activity. For example, it may require tak-
ing tennis lessons to correct improper tennis techniques,
adapting the use of a hammer or other equipment, or making
ergonomic modifications of a computer workstation.38,39,109

644 Overuse Syndromes: Repetitive Trauma Syndromes

FIGURE 18.6 MWM for lateral epicondylosis. Lateral glide is applied to the proximal forearm (A) with active wrist extension, (B) with patient
squeezing a ball, and (C) with self-mobilization.
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NOTE: Information on ergonomic recommendations for com-
puter workstations are described in Chapter 14.

Patient Education
■  Education includes advice and techniques on prevention,

recognition of provoking factors, and identification of
warning symptoms.

■  Teach the patient how to reduce the overload forces that
caused the problem and retrain the patient in proper
techniques.38,39

■  In addition to exercises, include home instructions on the
application of cross-friction massage and stretching the in-
volved muscle prior to activity.

 FOCUS ON EVIDENCE
In a descriptive study of 60 subjects with lateral epicondylalgia
who were followed for 6 months after initiating physical therapy
intervention, Waugh and associates109 reported that 80% of the
participants continued to improve, but only 33% had complete
resolution of symptoms. The therapy intervention consisted of
8 weeks of ultrasound, deep transverse friction massage, and a
stretching/strengthening program for the wrist extensor mus-
cles; 37% of the participants also received treatment for the cer-
vical spine or shoulder. Altogether, 50% continued with some
form of therapeutic intervention after the initial 8 weeks. Those
with poorer outcomes had repetitive work duties, with 92% of
the repetitive duties involving computer work.

This study also reported that women who have positive cer-
vical signs as well as repetitive job duties involving computer
usage had a poorer prognosis. This was observed at both 8 weeks
and 6 months. Ergonomic recommendations for postural adap-
tations when using a computer included having forearm sup-
port, smooth movements, and relaxed shoulders.109

Exercise Interventions 
for the Elbow and Forearm

Exercise Techniques 
to Increase Flexibility 
and Range of Motion

Prior to initiating a muscle stretching program, be sure the
joint capsule is not restricting motion. Techniques to increase
joint play in the elbow and forearm articulations are discussed
earlier in the chapter. Principles and techniques for applying
joint mobilization techniques are presented in Chapter 5.

In addition to the description of principles and techniques
of stretching presented in Chapter 4, manual, mechanical, and
self-stretching techniques directed to the elbow are described in
this section. When teaching the patient self-stretching, empha-
size the importance of maintaining a low-intensity, prolonged

stretch and not applying a ballistic stretch force (bouncing at
the end of the range).

Manual, Mechanical, and 
Self-Stretching Techniques
To Increase Elbow Extension

Mechanical Stretch: Mild Flexion Contracture
Patient position and procedure: Supine with the arm sup-
ported on the treatment table and a folded towel under the
distal humerus as a fulcrum. Place a light cuff weight around
the distal forearm. Position the forearm in pronation, mid-
position, and then supination to affect each of the three flexor
muscles. Have the patient stabilize the proximal humerus with
the other hand or place a sandbag or belt across the proximal
humerus to stabilize it. Instruct the patient to maintain the
stretch for an extended period of time.10 

CLINICAL TIP
Of the three muscles that flex the elbow, only the biceps brachii
crosses the shoulder; it also rotates the forearm. Therefore, to
fully elongate the biceps brachii, the shoulder must be extended
and forearm pronated in addition to extending the elbow.

Self-Stretch: Mild Flexion Contracture
Patient position and procedure: Sitting with arm sup-
ported on the treatment table and a folded towel under the
distal humerus as a fulcrum. Using the opposite hand, have
the patient apply the stretch force against the distal forearm
positioned in pronation, midposition, and then supination to
affect each of the flexor muscles.

Mechanical Stretch: Static Progressive Orthotic
Intervention 
Apply a low-intensity, long-duration mechanical stretch force
with a static progressive orthosis to reduce a long-standing
elbow flexion contracture by affecting the soft tissue proper-
ties of creep and stress-relaxation.36,104 

 FOCUS ON EVIDENCE
Ulrich and colleagues104 carried out a prospective study to in-
vestigate the effectiveness of a patient-directed stretching pro-
gram based on the principles of static progressive stretch and
stress-relaxation (see Fig. 4.7 B) with 37 patients (37 elbows)
with posttraumatic contractures of the elbow. Patients with
any degree of heterotopic bone formation were excluded from
the study. Patients performed a 30-minute stretching protocol
one to three times per day in a static progressive elbow orthosis
over a period of time (mean, 10 weeks; range, 2 to 25 weeks).
The intensity of the stretch was controlled by the patient.

At the conclusion of the study, the mean gain in overall elbow
ROM was significant (26°, range 2° to 60°), as were gains in
range of elbow flexion and extension individually. Prior to the
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orthotic intervention program, overall elbow ROM was 81°, and
it was 107° at the conclusion of the program. During the course
of the study, overall patient satisfaction was good, and no pa-
tients required anti-inflammatory medication. The authors con-
cluded that daily use of a static progressive orthosis and applying
the principles of stress-relaxation over a relatively short period
of time was an effective means of increasing elbow ROM.

Manual Stretch: Biceps Brachii
Patient position and procedure: Prone with the elbow in
end-range but comfortable extension and forearm in prona-
tion. Stabilize the scapula and passively extend the shoulder.

Mechanical Stretch: Biceps Brachii
Patient position and procedure: Supine with a light cuff
weight around the distal forearm and the elbow in extension
and forearm in pronation. Have the patient stabilize the prox-
imal humerus with the opposite hand and then place the arm
over the side of the table. Allow the elbow and shoulder to ex-
tend as far as possible and sustain the stretch position for an
extended period of time (Fig. 18.7 A).

Self-Stretch: Biceps Brachii
Patient position and procedure: Standing at the side of a
table. Have the patient grasp the edge of the table and walk
forward, causing shoulder extension with elbow extension

(Fig. 18.7 B). It is important to note that this stretching posi-
tion does not include forearm pronation.

To Increase Elbow Flexion

Self-Stretch: Mild Extension Contracture
■  Patient position and procedure: Prone-lying and propped

up on elbows with forearms resting on the exercise mat.
Have the patient lower the chest as far as elbow flexion 
allows and maintain the position as long as tolerated.

■  Patient position and procedure: Sitting with elbow flexed
as far as possible. Have the patient press against the distal
forearm with the opposite hand to provide the stretch
force into flexion. Alternatively, with the forearm 
supported on a table or arm rest of a chair, have the pa-
tient lean forward flexing the humerus against the stabi-
lized forearm and maintaining the position as long as
tolerated.

Self-Stretch: Long Head of Triceps
Patient position and procedure: Sitting or standing. Have
the patient flex the elbow and shoulder as far as possible. The
other hand can either push on the forearm to flex the elbow,
or push the shoulder into more flexion (Fig. 18.8). Hold the
stretch position as long as tolerated.

To Increase Forearm Pronation and Supination
Patient position and procedure: Sitting with the elbow
flexed to 90° stabilized against the side of the trunk or sup-
ported on a table. It is important to maintain the elbow posi-
tion to prevent shoulder rotation.

Self-Stretch to Increase Pronation
Have the patient grasp the dorsal surface of the involved fore-
arm so the heel of the uninvolved hand is against the dorsal as-
pect of the radius just proximal to the wrist and wrap the
fingers around the ulna. Have the patient passively pronate the
forearm and sustain the stretch as long as tolerated. The force
is applied against the distal radius and not the carpals to avoid
trauma to the wrist.
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FIGURE 18.7 Self-stretching the biceps brachii musculotendinous
unit includes stretching the long head across the shoulder joint 
(A) supine and (B) standing.

A

B

FIGURE 18.8 Self-stretching the triceps brachii musculotendinous
unit includes stretching the long head across the shoulder joint.
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Self-Stretch to Increase Supination
Have the patient place the heel of the uninvolved hand against
the volar aspect of the involved radius just proximal to the
wrist, passively supinate the forearm, and sustain the stretch
as long as tolerated. Be sure the force is applied against the ra-
dius, not the carpals to avoid trauma to the wrist (Fig. 18.9).

Self-Stretching Techniques: Muscles 
of the Medial and Lateral Epicondyles
To Stretch the Wrist Extensor Muscles 
(From the Lateral Epicondyle)
■  Patient position and procedure: Sitting or standing with the

elbow extended and forearm pronated. While holding this
position have the patient ulnarly deviate the wrist and flex
the wrist and fingers; then apply a gentle stretch force
against the dorsum of the hand. The patient should feel a
stretching sensation along the dorsal surface of the forearm.

■  Patient position and procedure: Standing with elbow ex-
tended, forearm pronated, and back of the hand against a
wall (fingers pointing down). Have the patient then slide the
back of the hand up the wall until a stretch is felt in the fore-
arm (Fig. 18.10). For additional stretch, have the patient flex
the fingers.

To Stretch the Wrist Flexor Muscles (From the
Medial Epicondyle)
■  Patient position and procedure: Sitting or standing with the

elbow extended and forearm supinated. While holding this
position, have the patient radially deviate and extend the
wrist and apply a gentle stretch force with the other hand
against the palm of the hand. A stretch sensation should be
felt along the volar surface of the forearm.

■  Patient position and procedure: Standing with the elbow ex-
tended and forearm supinated. Have the patient place the
palm of the hand against a wall, fingers pointing down, and
then move the hand up the wall until a stretch sensation is
felt in the wrist flexor muscles.

Exercises to Develop 
and Improve Muscle
Performance and 
Functional Control

In addition to the conditions already described in this chapter,
imbalances in length and strength of muscles crossing the
elbow and forearm can be the result of a variety of causes,
such as nerve injury or after surgery, trauma, disuse, or im-
mobilization. Appropriate exercises to develop neuromuscu-
lar control, increase strength, and improve muscular
endurance for return to functional activities can be selected
from the following exercises as well as the techniques de-
scribed in Chapters 6 and 23.

For patients with elbow impairments, exercises for the
regions above (shoulder girdle) and below (wrist and hand)
also should be incorporated into the therapeutic exercise
program to prevent complications and restore proper func-
tion of the entire upper quarter. The general principles of
managing acute soft tissue lesions are discussed in Chapter 10.
The exercises described in this section are for use during
the controlled motion and return to function phases of in-
tervention when tissues are in the subacute and chronic
stages of healing and require only moderate to minimum
protection.

Isometric Exercises
Multiple-Angle Isometric Exercises
Use manual or mechanical resistance at various positions
throughout the available ROM of elbow flexion and extension
and forearm rotation. Isolate the key musculature. Apply re-
sistance at the distal forearm, not at the hand, to avoid forces
across the wrist joints.

Angle-Specific Training
During isometric exercises, emphasize joint positions that
simulate use of the elbow for anticipated functional activities.
For example, to simulate carrying large boxes close to the
chest, strengthen the elbow flexors in a 70° to 90° position
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FIGURE 18.9 Self-stretching the forearm into supination. The fore-
arm may be stabilized on a table (as pictured) or at the patient’s side.
It is important to maintain elbow flexion to prevent shoulder rotation
and to apply the stretch force against the radius, not the hand.

FIGURE 18.10 Self-stretching the wrist extensor muscles.
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with the forearm in neutral and supination. Emphasize hold-
ing objects for extended periods of time to increase muscular
endurance for sustained control.

Alternating Isometrics and Rhythmic
Stabilization
Open-Chain Exercises
Apply manual resistance to alternating isometric contractions
of antagonists at multiple angles of elbow flexion/extension
and forearm pronation/supination. Stabilize the humerus and
apply the resistance against the forearm.

When the patient is able to respond to the alternating re-
sistance at various elbow and forearm positions and at vary-
ing speeds, progress to alternating isometrics using total
upper extremity patterns. To further develop stability super-
imposed on movement (dynamic stability), have the patient
hold a vibrating BodyBlade® in various positions of the elbow,
forearm, and the entire upper extremity and then during a
variety of movements.

Closed-Chain Exercises
Patient positions include standing with hands against a wall
or table, in the quadruped position, or in the prone push-up
position (with knees or toes as a fulcrum). Have the patient
hold the desired elbow position and apply alternating isomet-
rics and rhythmic stabilization by means of manual resistance
against the shoulders and trunk.

Dynamic Strengthening 
and Endurance Exercises
Many muscles that cross the elbow joint are multijoint
muscles, such as the biceps, long head of the triceps, and
wrist flexors and extensors. It is particularly important to
consider the position of the shoulder and forearm during
resistance training at the elbow. Dynamic strengthening
and endurance activities for the prime movers of the elbow,
forearm, and wrist using manual or mechanical resistance
are noted in this section. Combined patterns of motion
during open- and closed-chain activities are described in
the final section describing a functional progression for the
elbow and forearm.

Elbow Flexion
Muscles include the biceps brachii, brachialis, and brachio-
radialis.

■  Patient position and procedure: Sitting or standing, with the
humerus at the side of the chest (arm perpendicular to the
floor). Have the patient hold a weight or grasp a piece of
elastic band or tubing (secured under the foot or to the
floor) and flex and extend the elbow. This strengthens the
elbow flexors concentrically and eccentrically throughout
the available ROM to simulate functional lifting and low-
ering. Perform this motion with the forearm supinated,
pronated, and in neutral.

■  Patient position and procedure: Supine with the humerus
supported on a treatment table. When the patient is supine,
the resistive force from a free weight or gravity has a greater
effect on the muscles near end-range extension and has lit-
tle to no effect as the elbow reaches 90°. 

■  Patient position and procedure: Standing or sitting while
holding a weight with the forearm supinated. Have the pa-
tient extend the shoulder as the elbow flexes (Fig. 18.11).
This combined motion elongates the biceps brachii over
the shoulder as the muscle is shortening to move the
elbow and thus most efficiently maintains optimal length
for development of maximum tension in the biceps. This
combined motion develops control for carrying objects
at the side. 

Elbow Extension
Muscles include the triceps and anconeus.

■  Patient position and procedure: Prone, humerus abducted
to 90° and supported on a rolled towel on a treatment table.
Have the patient extend the elbow while holding a weight.
This position strengthens the elbow extensors from 90° of
flexion to terminal extension.

■  Patient position and procedure: Supine with the shoulder
flexed to 90°, holding a weight in the hand. Have the pa-
tient begin with the elbow flexed and the weight either at
the ipsilateral or contralateral shoulder (external or inter-
nal rotation of the shoulder); then extend and flex the
elbow (lift and slowly lower the weight) to strengthen the
elbow extensors concentrically and eccentrically. To help
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FIGURE 18.11 Resisting elbow flexion with emphasis on the biceps
brachii. The shoulder extends as the elbow flexes with the forearm in
supination. This combined action lengthens the proximal portion of
the musculotendinous unit across the shoulder while it contracts to
move the elbow, thus maintaining a more optimal length-tension re-
lationship through a greater ROM.
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maintain the shoulder in a stable position, have the pa-
tient stabilize the humerus in the 90° position with the
opposite hand.

Long Head of Triceps With Elbow Extension
Patient position and procedure: Sitting or standing with
the arm held overhead (shoulder fully flexed) and elbow
flexed so the weight is near the shoulder (Fig. 18.12). Have

the patient lift the weight overhead and then slowly lower the
weight for concentric and eccentric strengthening. The pa-
tient may support the humerus with the opposite hand. Per-
form this exercise only if the patient has sufficient control of
the shoulder. 

Pronation and Supination
Primary muscles of pronation are the pronator teres and
pronator quadratus; primary muscles of supination are the
supinator and biceps brachii.

Patient position: Sitting or standing with the elbow flexed
to 90° and held close to the trunk. When sitting, the forearm
may be on a table for support held next to the trunk.

■  Free weights. When using a free weight to strengthen the
pronators and supinators, the weight must be placed on
one side or the other of the hand (Fig. 18.13). As the pa-
tient rotates the bar be sure that they keep the wrist in a
neutral position so as not to stress the wrist especially at
end ranges. The weight can also be turned through a
downward arc by placing the resistance on the ulnar side
of the hand. 

■  Elastic resistance. Have the patient grasp one end of the
elastic resistance with the sound hand or by tying it to a
doorknob (be sure that the elastic is secure). Have the
patient grasp the other end with the involved extremity
and rotate the forearm against the resistance. For greater
resistance, secure the elastic resistance around the end of
a short rod and have the patient pull against the resist-
ance force. 

■  Functional activity. Have the patient stand, facing a door-
knob with the arm kept at the side and the elbow flexed to
90° to avoid substituting with shoulder rotation. Have the
patient turn the knob.

CHAPTER 18 The Elbow and Forearm Complex 649

FIGURE 18.13 Mechanical resistance exercise using a small bar with an asymmetrically placed weight for strengthening (A) forearm prona-
tors and (B) supinators. The bar also can be rotated through a downward arc to affect the other half of the range for each muscle by placing the
weight on the ulnar side of the hand.

FIGURE 18.12 Resisting elbow extension, beginning with the long
head of the triceps brachii on a stretch.

A
B
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Wrist Flexion and Extension
Wrist flexion involves muscles attached to the medial epi-
condyle; extension involves muscles attached to the lateral
epicondyle.

NOTE: In the following exercises, when the forearm is
pronated, resistance is applied to the wrist extensors; when
supinated, resistance is applied to the wrist flexors.

■   Elastic resistance. Tie the ends of an elastic band or tubing
together. While sitting, have the patient place one end of the
loop under one foot. Stabilize the forearm on the thigh and
place the other end of the loop across the dorsum (Fig. 18.14)
or palm of the hand to resist the wrist extensors or flexors,
respectively.

■  Free weights. Have the patient sit, with forearm resting on
a table and hand over the edge of the table holding a small
weight (Fig. 18.15). Extend and flex the wrist against the
resistance.

■  Wrist roller. Have the patient sit or stand, with the elbows
flexed or extended and the forearms pronated or supinated.
Tie a 2- to 4-ft cord to the middle of a short rod and a
weight to the other end of the cord. Have the patient hold
each end of the rod and with an alternating wrist action,
turn the rod causing the cord to wind around the rod and
elevate the weight. The weight is then slowly lowered with
a reverse motion (Fig. 18.16).

Functional Progression for the Elbow
and Forearm
A comprehensive rehabilitation program for the elbow and
forearm designed to achieve an individual’s functional goals
involves a sequence of carefully progressed exercise inter-
ventions designed to develop or restore sufficient mobility,
strength, stability, muscular endurance, and power. The final
section of this chapter identifies integral components and

examples of exercise interventions and simulated functional
activities that often are included in a functional progression
for the elbow and forearm. Refer to Chapters 17 and 23 for
additional exercises and activities.

NOTE: Because the elbow primarily functions during activities
that also involve the shoulder and hand, combined patterns of
exercise that develop mobility and control the entire upper 
extremity should be implemented especially as it relates to
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FIGURE 18.16 Wrist roller exercise to strengthen grip and develop
the wrist extensors. This exercise requires stabilization in the shoul-
der girdle and elbow muscles. The elbows may be flexed or the fore-
arms supinated to emphasize the elbow flexors or muscles of the
medial epicondyle, respectively.

FIGURE 18.15 Strengthening the wrist extensors while grasping a
handheld weight for resistance.

FIGURE 18.14 Strengthening the wrist extensors using elastic 
resistance without the use of grasp.

R
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proximal stabilization. Be careful that substitute motions do not
occur to compensate for a weak link in the chain.

Diagonal Patterns
PNF patterns against manual or mechanical resistance.
Use unilateral or bilateral diagonal patterns as described 
in Chapter 6. Use manual resistance, free weights, elastic 
resistance, a weight-pulley system, or an isokinetic dy-
namometer to provide the resistance as the patient moves
through the diagonal patterns. Gradually increase resist-
ance, speed (if appropriate with the choice of equipment),
and repetitions.

Combined Pulling Motions
Elbow flexors are used in pulling, lifting, and carrying activi-
ties in open- and closed-chain activities. These upper extrem-
ity actions also require strength of the scapular retractors,
shoulder extensors, and wrist and hand musculature. Many of
the exercises that are described for the shoulder in Chapter 17
also involve resisted elbow flexion and therefore can be used
to strengthen muscle groups during pulling motions. Sugges-
tions include:

■  Bilateral pull-ups against elastic resistance (Fig. 18.17). 
■  Closed-chain chin-ups or modified pull-ups on an over-

head bar (Fig. 18.18). 
■  Unilateral combined pulling pattern simulating starting a

lawn mower (Fig. 18.19) or bilateral or unilateral rowing
motions, such as using a rowing machine. 

■  Pulling a variety of weighted objects with one or both arms,
emphasizing elbow flexion and proper body mechanics.

Combined Pushing Motions
The triceps muscle is involved in pushing motions. Pushing
also involves variations of shoulder flexion and scapular pro-
traction or depression so that muscles controlling these mo-
tions are functioning with the triceps. Many of the exercises
described in Chapter 17 for the shoulder and Chapter 23 also
involve resisted elbow extension and may be used to
strengthen muscles groups involved in pushing patterns. Sug-
gestions include:

■  Military press-up (see Fig. 17.55)
■  Bench press
■  Upper extremity ergometry (see Fig. 6.55)
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FIGURE 18.19 Simulation of a “lawn mower pull” for functional
strengthening of the upper extremity.

FIGURE 18.18 Closed-chain, modified chin-up using top half of
body weight for resistance to strengthen the elbow flexors. This 
exercise may be performed in a bed with an overhead trapeze. 

FIGURE 18.17 Bilateral pull-up against elastic resistance.

R
R

R

R
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■   Wall push-ups, semi-prone or prone push-ups (Fig. 18.20 A)
■  Push-ups from a chair or on parallel bars (Fig. 18.20 B)
■  Stepping/stair-climbing machine with hands on the “steps”

(emphasize elbow extension)
■  Pushing a variety of weighted objects with one or both

arms using dynamic elbow extension (Fig. 18.21)

Plyometric Training (Stretch-Shortening Drills)
The following are suggestions for increasing power of the
elbow musculature using plyometric exercises.10,38 Advanced
training activities are described in Chapter 23.

■  Perform elbow flexion and extension exercises against elas-
tic resistance, emphasizing rapid reversal between eccentric
and concentric motions.

■  Using a weighted ball, have the patient catch the ball and
then quickly throw it back. Emphasize elbow motions with
overhead passes, chest passes, and lateral passes.

■  Bounce a ball against a wall or a tennis ball on a racquet
with the forearm pronated and supinated.

Simulated Functional Tasks and Activities
Determine the component motions of the patient’s desired
functional activities as well as occupational or recreational
tasks. Have the patient simulate these motions and practice
the entire task. Activities could involve lifting, lowering, car-
rying, pushing, pulling, twisting, turning, catching, throwing,
or swinging. For example, if the patient is recovering from
repetitive trauma to the muscles of the lateral epicondyle
when playing tennis, have the patient practice the various rac-
quet strokes using a wall-pulley system (Fig. 18.22). Impose
controlled forces to challenge the patient by increasing the
time or repetitions, speed, or resistance.38
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FIGURE 18.21 Strengthening the triceps with pushing activities. (A)
Pushing weighted objects across a table. (B) Depressing a door han-
dle and pushing open a door.

FIGURE 18.20 Closed-chain strengthening of the triceps. (A) Modi-
fied push-up. (B) Seated push-up.

A B

A B

FIGURE 18.22 Mechanical resistance exercise using wall pulleys to
simulate tennis swings. (A) Backhand stroke. (B) Forehand stroke.
(C) Serve.

A B

C
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Independent Learning Activities

Critical Thinking and Discussion
1. Differentiate between the etiology, signs and symptoms,

and management of lateral and medial epicondylalgia.
Note the similarities and differences.

2. Develop, compare, and contrast the postoperative man-
agement (including an exercise progression and precau-
tions) after two types of TEA: (1) a semiconstrained
implant/triceps-reflecting approach and (2) a resurfacing
implant/triceps-splitting approach.

3. The goal is to increase muscle performance and function
of the elbow flexors that are currently functioning at a
3/5 strength level and endurance of four repetitions.
Identify exercises that could be used at each increment
of strength, including exercises for strength, endurance,
power, control, stability, and function. Identify parame-
ters for progression of each exercise and any precautions.

4. Do the same sequence of analysis and identification to 
increase muscle performance and function of the elbow
extensors.

5. Analyze the following household, occupational, or
sports-related activities. Identify the components and se-
quence of motions related to each of these motor tasks;
pay particular attention to elbow and forearm motions
during these tasks. Design a sequence of upper extremity
exercises and simulated activities that could be incorpo-
rated into a late-stage rehabilitation program to prepare
a patient to return to the desired task after an elbow 
injury.
■ Housecleaning
■ Gardening
■ Grocery store stocking
■ Carpentry
■ Volleyball
■ Tennis
■ Throwing sports

Laboratory Practice
1. Apply mobilization techniques to a laboratory partner to

increase the following elbow and forearm motions: mid-
and end-range elbow flexion; mid- and end-range elbow
extension; and forearm pronation and supination (proxi-
mal and distal articulations).

2. Demonstrate passive stretching and hold-relax techniques
to elongate the following muscles that cross the elbow:
brachialis, brachioradialis, biceps, long head of the triceps,
extensor digitorum, flexor carpi ulnaris, and flexor carpi
radialis.

3. Using the following pieces of resistance equipment
demonstrate at least two methods (set-ups) to strengthen
the elbow flexors/extensors and forearm rotators: free
weights, weight-pulley system, and elastic resistance. Then
demonstrate a progressive sequence of resistance exercise
to strengthen the same muscle groups using self-resistance
(body weight or manual resistance).

Case Studies
1. Describe the mechanical problem causing impairments

in the elbow and forearm in the following scenario and
what techniques could be used for intervention. A pa-
tient is referred to you 4 weeks after sustaining a fracture
of the distal radius with immobilization in a long arm
cast following a fall on an outstretched arm and hand.
She has limited elbow, forearm, and wrist motions. On
palpation, you note a decreased space between the lateral
aspect of the head of the radius and capitulum as well as
decreased joint play at all articulations of the elbow,
forearm, and wrist.

2. A 15-year-old patient with a 5-year history of polyarticu-
lar JRA just underwent open synovectomy and excision
of the head of the radius with implant for late-stage joint
disease of the elbow. Prior to surgery, the patient had se-
vere pain in the elbow region, lacked full elbow flexion/
extension and forearm rotation, and had limited use of
the arm for functional activities. Continuous passive mo-
tion was implemented during the patient’s hospitalization 
(3 days). A day prior to discharge, the patient was referred
to physical therapy for a home program. Design an exer-
cise program for this teenager. Prioritize and describe each
exercise you want the patient to do for the first week at
home. Outline a program of exercises for later use in the
rehabilitation process. The patient plans to return to
school within a week of discharge from the hospital. In-
dicate whether you recommend outpatient therapy; if so,
indicate the frequency and duration; justify the need for
this recommendation.
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The wrist is the final link of joints that positions the hand
for functional activities. It functions to control the length-
tension relationship of the multiarticular muscles of the
hand as they adjust to various activities. The wrist is often
considered the most complex joint of the body, both from
an anatomical and physiological perspective. However, there
are two points of consensus regarding the wrist: (1) the
structure and biomechanics of the wrist as well as the hand
vary significantly from person to person and (2) even subtle
variations can produce differences in the way a particular
functional activity occurs.9 The hand is a valuable tool
through which we control and manipulate our environment

and express ideas and talents. It also has an important func-
tion of providing sensory feedback to the central nervous
system.

This chapter is divided into three major sections. The first
section briefly reviews the rather complex structure and func-
tion of the wrist and hand—information that is important to
know in order to effectively treat patients with wrist and hand
pathology. The second section describes common disorders
and guidelines for conservative and postoperative manage-
ment. The last section describes exercise techniques com-
monly used to meet the goals of treatment during the stages
of tissue healing and phases of rehabilitation.
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658 Joints of the Wrist and Hand

Structure and Function of the
Wrist and Hand

The bones of the wrist include the distal radius and ulna. The
scaphoid (S), lunate (L), triquetrum (Tri), and pisiform (P)
make up the proximal carpal row; the trapezium (Tm), trape-
zoid (Tz), capitate (C), and hamate (H) make up the distal
carpal row. Five metacarpals and 14 phalanges make up the
hand and the five digits (Fig. 19.1). 

volar (palmar) radiocarpal, the ulnocarpal and the triangular
fibrocartilage complex, as well as a multitude of intrinsic 
intercarpal ligaments.9,102

The pisiform is categorized as a carpal bone and aligned
volar to the triquetrum in the proximal carpal row. It is not
part of the wrist joint per se but functions as a sesamoid bone
in the flexor carpi ulnaris tendon.

Radiocarpal Joint
Characteristics. The radiocarpal (RC) and ulnocarpal (UC)
joints are enclosed in a loose but strong capsule that is rein-
forced by the ligaments shared with the midcarpal joint. The
biconcave articulating surface is made up of the distal end 
of the radius and articular disc (an integral part of the trian-
gular fibrocartilage complex) and is angled slightly volarly
and ulnarly.9,102 The biconvex articulating surface of the
proximal carpal row includes the scaphoid, lunate, and 
triquetrum. The triquetrum primarily articulates with the
disc. These three carpals are bound together with numerous
interosseous ligaments.

Arthrokinematics. With motions of the wrist, the convex
proximal row of carpals slides on the concave distal radius
and articular disc in the direction opposite the physiological
motion of the hand. The arthrokinematics are summarized
in ONLINE Box 19.1 available on the FA Davis website 
related to this textbook.

Midcarpal Joint
Characteristics. The midcarpal joint is a compound joint
between the proximal and distal carpal rows. It has a capsule
that is also continuous with the intercarpal articulations. The
combined distal surfaces of the distal carpal row (scaphoid,
lunate, and triquetrum) articulate with the proximal carpal
row (trapezium, trapezoid, capitate, and hamate).

Arthrokinematics. The midcarpal joint is divided into radial
and ulnar compartments.

■  The ulnar compartment consists of the articulating sur-
faces of the capitate and hamate and is, in essence, convex,
which slides on the concave articulating surfaces of a 
portion of the scaphoid, lunate, and triquetrum. Therefore,
with flexion and extension, as well as radial and ulnar 
deviation, the distal component of the ulnar compartment
(capitate and hamate) slides opposite the physiological
motion.

■  The radial compartment of the midcarpal joint consists of
the articulating concave surfaces of the trapezium and
trapezoid, which slide on the convex distal surface of the
scaphoid. With flexion and extension, the distal component
of the radial compartment (trapezium and trapezoid)
slides in the same direction as the physiological motion.
However, during radial and ulnar deviation, it has been
shown through cineradiography (three-dimensional CT
scan) that the proximal row of carpal bones “rock” slightly
either volarly or dorsally and, to a lesser extent, “twist.” The

Articular disc
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Phalanges

Radius

Radiocarpal

Midcarpal

CMC
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DIP

Ulna

I II

Tz

S L
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FIGURE 19.1 Bones of the wrist and hand complex.

Joints of the Wrist and Hand

Wrist Joint: Characteristics 
and Arthrokinematics
The distal radioulnar (RU) joint is not considered part of the
wrist joint, although pain and impairments in this forearm
articulation are often described by the patient as wrist pain.
Structure and function of the RU joints are described in
Chapter 18.

The wrist joint is multiarticular and is made up of two
compound joints, the radiocarpal/ulnocarpal and midcarpal
joints. It is biaxial, allowing flexion, extension, radial devia-
tion, and ulnar deviation. However, due to an oblique axis of
rotation, most activities are carried out with an oblique wrist
motion from extension with radial deviation to flexion with
ulnar deviation. This oblique plane of motions is referred to
as the “dart thrower’s motion” (DRT) and is an important
concept when developing treatment plans for individuals with
wrist pathology.24,53 Stability is provided by numerous extrin-
sic ligaments: the ulnar and radial collateral, the dorsal and
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rocking motion is most pronounced in the scaphoid, which
moves volarly (flexes) during radial deviation and slightly
dorsally (extends) during ulnar deviation. 

 FOCUS ON EVIDENCE
According to Moojen, at 20° of ulnar deviation, the scaphoid
rotates dorsally about 20° relative to the radius, and at 20° of
radial deviation, the scaphoid moves volarly about 15°, which
allows for a few more degrees of radial deviation.9,96,97,102

The exact mechanism that produces this motion is not well
understood; however, it is theorized that it occurs because of
the passive forces of the ligaments and compression between
the adjacent carpals.102

Hand Joints: Characteristics 
and Arthrokinematics
Carpometacarpal Joints of Digits 2 through 5
Characteristics. The carpometacarpal (CMC) joints are 
enclosed in a common joint cavity and include the articula-
tions of each metacarpal with the distal row of carpals and
the articulations between the bases of each metacarpal.

The joints of digits 2 and 3 are difficult to classify due to
their jagged interlocking articular surfaces; however, they are
most often considered to be planar joints. These interlocking
surfaces, combined with strong ligaments, allow for very little
motion as stability at these joints is paramount to the overall
stability of the hand and forms the central pillar. The slightly
convex bases of the fourth and fifth metacarpals articulate
with the slightly concave surface of the hamate and allow
for important mobility to the hand. The fourth and fifth
metacarpal joints are able to “fold” or rotate toward the center
of the hand, deepening the palmar concavity. This motion 
occurs by flexion and internal rotation of the fourth and fifth
metacarpals moving toward the third digit and is often referred
to as “cupping” of the hand.9,103 This motion improves the
ability of the hand to grasp objects of various sizes. Extension
of the metacarpals contributes to flattening of the hand,
which improves the ability to release objects.

Arthrokinematics. The slightly concave proximal surfaces
of the metacarpals slide in a volar direction on the relatively
convex surfaces of the distal carpal row with flexion and in 
a dorsal direction with extension motions in the hand (see
ONLINE Box 19.1).

Carpometacarpal Joint of the Thumb (Digit 1)
Characteristics. The CMC joint of the thumb is a saddle-
shaped (sellar) joint between the trapezium and base of the
first metacarpal. The longitudinal diameter of the articular
surface of the trapezium is concave in the dorsal to volar 
direction, while the transverse diameter of the articular sur-
face is convex in the radial to ulnar direction. The proximal
articular surface of the thumb metacarpal joint is convex in

the dorsal to volar direction and concave in the radial to ulnar
direction, thus opposite to the surface of the trapezium. The
thumb CMC joint has a lax capsule and wide range of motion
(ROM) that allows the thumb to fully oppose the other digits,
which greatly enhances prehension activities.9,103

Arthrokinematics. A change in terminology relative to
thumb CMC joint motion was adopted by the American
Academy of Orthopaedic Surgeons (AAOS), the American
Society for Surgery of the Hand (ASSH), the International
Federation of Societies for Surgery of the Hand (IFSSH), and
the American Society of Hand Therapists (ASHT) in the early
1990s. Many publications in the United States and interna-
tionally have since incorporated this terminology when dis-
cussing the thumb CMC joint.13,72,84,100,114 

■  The motions previously known as CMC abduction and 
adduction are termed palmar abduction and adduction
(moving away from or toward the palm); in this plane the
distal surface of the metacarpal is convex and the proximal
surface of the trapezium is concave. Since the distal seg-
ment moves on the proximal segment, the motion is 
convex on concave; therefore, the metacarpal slides in the
opposite direction of the physiological motion. 

■  The motions previously known as CMC flexion and ex-
tension are termed radial abduction and adduction (mov-
ing away or toward the radius). In this plane, the distal
surface of the metacarpal is concave, and the proximal
surface of the trapezium is convex; therefore, the motion
is concave on convex and the metacarpal slides in the
same direction as the physiological motion (see ONLINE
Box 19.1).

Metacarpophalangeal Joints of Digits 2–5
Characteristics. The metacarpophalangeal (MP) joints are
condyloid joints, which allows for flexion/extension and 
abduction/adduction. The MP joints of the fingers are sur-
rounded by a relatively lax articular capsule, allowing for sig-
nificant accessory motion and axial rotation of the proximal
phalanx. This mobility enables the fingers to better conform
to the shapes of objects and increases the control of grasp.
Each joint is supported by a volar plate and two collateral lig-
aments. The collaterals become taut in full flexion and prevent
abduction and adduction in this position.9,103

Arthrokinematics. The distal end of each metacarpal is 
convex, and the proximal phalanx is concave. The proximal
surface of the proximal phalanx rolls and slides in the same
direction as the physiological motion (see ONLINE Box 19.1).

Interphalangeal Joints and MP Joint 
of the Thumb
Characteristics. There is a proximal interphalangeal (PIP)
joint and a distal interphalangeal (DIP) joint for each digit, 
2 through 5. The thumb has only one IP joint, although the
MP joint of the thumb is uniaxial and therefore functions
similarly to the IP joints. The MP joint of the thumb differs
in that it is reinforced by two sesamoid bones on the volar
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surface, which improves the leverage of the flexor pollicis 
brevis muscle. Each of these joints is a uniaxial hinge joint.

The capsule of each joint is reinforced with collateral liga-
ments. Unlike the MP joints, the collateral ligaments of the IP
joints remains relatively constant throughout the ROM. There
is increasing flexion/extension ROM in the MP joints as you
move from radial to ulnar digits of 2 through 5. This allows for
greater opposition of the ulnar fingers to the thumb and also
causes a potentially tighter grip on the ulnar side of the hand.

Arthrokinematics. The articulating surface at the distal end
of each phalanx is convex; the articulating surface at the prox-
imal end of each phalanx is concave. Therefore, the proximal

surface of each phalanx rolls and slides in the same direction
as the physiological motion (see ONLINE Box 19.1).

Hand Function

Muscles of the Wrist and Hand
The complex function of the hand occurs as a result of an 
intricate balance and control of forces between the extrinsic
and intrinsic muscles of the wrist and hand. The primary and
secondary actions of the wrist and hand muscles are summa-
rized in Table 19.1 and depicted in Figure 19.2.

TABLE 19.1 Muscles of the Wrist and Hand

Action Prime Movers Secondary Movers

Wrist

Flexion

Extension

Radial deviation

Ulnar deviation

Thumb (Digit 1)

CMC opposition

CMC radial adduction

CMC radial abduction

CMC palmar abduction

CMC palmar adduction

MP flexion

MP extension

IP flexion

IP extension

Flexor carpi radialis 
Flexor carpi ulnaris 
Palmaris longus 

Extensor carpi radialis longus 
Extensor carpi radialis brevis 
Extensor carpi ulnaris 
Extensor digitorum 

Flexor carpi radialis longus
Extensor carpi radialis longus
Extensor carpi radialis brevis 

Flexor carpi ulnaris
Extensor carpi ulnaris

Opponens pollicis

Opponens pollicis

Abductor pollicis longus

Opponens pollicis
Abductor pollicis longus
Abductor pollicis brevis
Extensor pollicis brevis

Adductor pollicis (first volar interossei)

Flexor pollicis brevis

Extensor pollicis brevis
Extensor pollicis longus

Flexor pollicis longus

Extensor pollicis longus

Flexor digitorum superficialis
Flexor digitorum profundus
Flexor pollicis longus 

Extensor indicis 
Extensor digiti minimi
Extensor pollicis brevis
Abductor pollicis longus 

Flexor pollicis longus
Extensor pollicis brevis
Abductor pollicis longus

Extensor pollicis longus

Flexor pollicis brevis (superficial
head)

Flexor pollicis brevis (deep head)
Extensor pollicis longus

Flexor pollicis longus

Extensor pollicis longus
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Length-Tension Relationships
The position of the wrist controls the length of the extrinsic
muscles of the digits. As the fingers or thumb flex, the wrist
extensor muscles must stabilize the wrist to prevent the flexor
digitorum profundus and flexor digitorum superficialis or the
flexor pollicis longus from simultaneously flexing the wrist.
As the grip becomes stronger, synchronous wrist extension
lengthens the extrinsic flexor tendons across the wrist and
maintains a more favorable overall length of the musculo-
tendinous unit for a stronger contraction.

For strong finger or thumb extension, the wrist flexor
muscles stabilize the wrist so the extensor digitorum, extensor
indicis, extensor digiti minimi, or extensor pollicis longus
muscles can function more efficiently. 

Extensor Mechanism
Structurally, the foundation of the extensor mechanism 
is made up of the extensor digitorum tendon (with the exten-
sor indicis and extensor digiti minimi), the extensor hood,
the central tendon, and the lateral bands (stabilized by the 

TABLE 19.1 Muscles of the Wrist and Hand—cont’d

Action Prime Movers Secondary Movers

Digits 2 through 5 (function of these muscles varies with joint positions/motions)

MP flexion

MP extension

MP abduction

MP adduction

IP flexion

IP extension

Lumbricals
Volar and dorsal interossei
Flexor digitorum superficialis
Flexor digitorum profundus

Extensor digitorum
Extensor digiti minimi
Extensor indices

Dorsal interossei
Abductor digiti minimi

Volar interossei 

Flexor digitorum superficialis (PIP only)
Flexor digitorum profundus (PIP and DIP)

Lumbricals, dorsal and volar interossei, and
extensor digitorum via extensor mechanism

(Note: Proximal wing tendons of the
interossei have more influence on
the MP joint)9

(Note: Distal wing tendons of the
interossei have more influence 
on the IP joints)9

Wrist
flexors

Wrist
extensors

Abductor
pollicis longus

Abductor
pollicis brevis

Adductor pollicis

Extensor
pollicis brevis

Extensor pollicis longus

Flexor pollicis longus

Interosseous

Extensor digitorum
communis

Central slip
extensor mechanism

Terminal tendon
extensor mechanism

Lumbricals

Flexor digitorum
superficialis Flexor digitorum

profundus

FIGURE 19.2 The extrinsic and intrinsic muscles of the wrist and hand create a balance of forces that affect hand function.
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triangular ligament) that merge into the terminal tendon.
The passive components of the extensor mechanism include
the triangular ligament and the sagittal bands (which prevent
bowstringing of the extensor mechanism and centralize the
extensor tendons at the MP joints). The active components
of the extensor mechanism include the dorsal interossei, 
the volar interossei, and the lumbrical muscles (collectively
referred to as the intrinsic muscles) (Fig. 19.3). 9,103

■  The extensor digitorum tendon passes dorsal to the MP joint
axis, and an active contraction of the extensor digitorum
creates tension in the sagittal bands, pulling the bands prox-
imally resulting in extension of the proximal phalanx. 

■  An isolated contraction of the extensor digitorum produces
MP joint hyperextension with IP joint flexion. The IP joint
flexion is produced from passive pull of the extrinsic flexor
tendons. This position is called clawing or the hook position.

■  PIP and DIP extension is interdependent, meaning when
the PIP joint extends, the DIP joint will extend as well and
is produced by the interossei and lumbrical muscles
through their pull on the extensor hood.

■  There must also be tension in the extensor digitorum tendon
for there to be IP extension. This occurs either by active con-
traction of the muscle, causing MP extension concurrently
as the intrinsic muscles contract, or by passive tension of the
extensor digitorum tendon, which occurs with MP flexion.9

■  The dorsal interossei, the volar interossei, and the lumbri-
cals pass volar to the joint axis of the MP joint and insert

into the extensor mechanism proximal to the PIP joint.
Therefore, when the extensor digitorum, the interossei, and
the lumbricals all contract simultaneously, the MP joint
and the IP joints will all extend. Although when the interos-
sei and the lumbricals contract in the absence of active
contraction of the extensor digitorum, the MP joints will
flex and the IP joints will extend.

Control of the Unloaded (Free) Hand
Anatomical factors, muscular contraction, and viscoelastic
properties of the muscles influence finger motion.9,103

■  When only the extrinsic extensor and flexor muscles con-
tract, clawing motions occur in the digits.

■  Closing motions occur with extrinsic flexor muscle con-
tractions but also require the viscoelastic force of the in-
terossei and, to a lesser extent, the lumbricals. In addition,
the extensor digitorum muscle acts as a “brake” at the MP
joints, allowing for more refined and controlled motion at
the IP joints.

■  Opening motions require synergistic contraction of the 
extrinsic extensor, as well as the intrinsic muscles accom-
panied by viscoelastic resistance of the flexor digitorum
profundus.

■  Reciprocal motion of MP flexion and IP extension is
caused by the intrinsic muscles. The lumbrical removes the
viscoelastic tension from the profundus tendon and, along
with the interossei, acts as a strong IP extensor.

A

B

Extensor expansion (hood)

EDC tendon

Sagittal
band

Sagittal
band

Deep transverse
metacarpal ligament

Lateral view

Dorsal view

Central tendon

Lateral band

Terminal tendon

Extensor
expansion (hood)

Lateral
band

Terminal
tendon

Interosseous tendon

Lumbrical

Lumbrical

Proximal
interosseous tendon

Triangular
ligament

EDC

FIGURE 19.3 Anatomical structures of the extensor mechanism: (A) lateral view and (B) dorsal view. See text for description of functional 
relationships.
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Grips and Prehension Patterns
The nature of the intended activity dictates the type of grip
used.6,9,103

Power Grips (Full Hand Prehension)
Description. Power grips involve clamping an object with
partially flexed fingers against the palm of the hand and with
counter pressure from the palmarly adducted thumb. Power
grips are primarily isometric functions. The fingers assume 
a position of sustained flexion, which varies in degree with
the size, shape, and weight of an object. The thumb reinforces
the fingers and helps make small adjustments to control the
direction of the force. Varieties include cylindrical grip, spher-
ical grip, hook grip, and lateral prehension.9,102

Muscle control. The muscles primarily function with iso-
metric contractions.6,9,101,102

■  Maximum grip force occurs with the wrist positioned in
slight extension and slight ulnar deviation stabilized by the
extrinsic wrist extensors.

■  Extrinsic finger flexors, especially the flexor digitorum pro-
fundus muscles of the fourth and fifth digits, provide the
major gripping force.

■  The extensor digitorum provides a compressive force to the
MP joints, which increases stability and also provides a
balancing force for the flexors.

■  Interossei rotate and radially abduct the first phalanx for
positioning to compress the external object and flex the
MP joint.

■  With the exception of the fourth lumbrical, lumbricals do
not participate in the power grip. 

■  The thenar muscles and adductor pollicis provide com-
pressive forces against the object being gripped.

Precision Patterns
Description. Prehension patterns involve manipulating 
an object that is not in contact with the palm of the hand
between the opposing thumb and fingers. The muscles pri-
marily function isotonically. The sensory surfaces of the
digits are used for maximum sensory input to influence 
delicate adjustments. With small objects, precise handling
occurs primarily between the thumb and index finger. 
Varieties include pad-to-pad, tip-to-tip, and pad-to-side
prehension.

Muscle control. The primary dynamic function of the mus-
cles includes the following:9,85,103

■  Extrinsic muscles provide the compressive force to hold the
objects between the fingers and thumb.

■  For manipulation of an object, the interossei abduct and
adduct the fingers; the thenar muscles control movement
of the thumb; and the lumbricals help move the object
away from the palm of the hand. The amount of partici-
pation of each muscle varies with the amount and direction
of motion.

Combined Grips
Description. Combined grips involve digits 1 and 2 (and
sometimes 3) performing precision activities, whereas digits
3 through 5 supplement with power.

Pinch. Pinch requires holding an object between the thumb
and index or middle finger, as in precision handling, but may
require primarily an isometric hold. The thenar eminence
muscles, the adductor pollicis, the interossei, and the extrinsic
flexors provide compression between the thumb and fingers.
The lumbricals also participate.

Major Nerves Subject 
to Pressure and Trauma 
at the Wrist and Hand

For a detailed description of peripheral nerve injuries and
entrapments in the wrist and hand region, as well as com-
plex regional pain syndromes and their management, see
Chapter 13.

Nerve Disorders in the Wrist
Median nerve. The most common site for compression of
the median nerve is in the carpal tunnel.

Ulnar nerve. The most common site for compression of the
ulnar nerve is in the ulnar tunnel (also called Guyon’s canal).

Referred Pain and Sensory Patterns
The hand is the terminal point for the C6, C7, C8, and T1
nerve roots coursing through the median, ulnar, and radial
nerves (see Figs. 13.5, 13.6, and 13.7). Injury or entrapment
of these nerves may occur anywhere along their course, from
the cervical spine to their termination. What the patient per-
ceives as pain or a sensory disturbance in the hand may be
from injury of the nerve anywhere along its course, or the
pain may derive from irritation of tissue of common segmen-
tal origin, such as the zygapophyseal facet joints of the spine.
For treatment to be effective, it must be directed to the source
of the problem, not to the site where the patient perceives the
pain or sensory changes. Therefore, a thorough history is
taken and examination of the entire upper quarter must be
done, including the cervical spine when referred pain patterns
or sensory changes are reported by the patient.86,92

Management of Wrist and
Hand Disorders and Surgeries

To make sound clinical decisions when treating patients with
wrist and hand disorders, it is necessary to understand the
various pathologies, surgical procedures, and associated
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precautions and to identify presenting structural impair-
ments, activity limitations, and participation restrictions. In
this section, common pathologies and surgeries and conser-
vative and postoperative management are presented. 

Joint Hypomobility:
Nonoperative Management

Pathologies, such as rheumatoid arthritis (RA) and degen-
erative joint disease (DJD), affect the joints of the wrist and
hand and may have a significant effect on participation and
functional abilities of an individual as a result of pain, im-
paired mobility, and potential joint deformities. Impaired
joint, tendon, and muscle mobility also occurs any time
joints are immobilized due to fractures, trauma, or surgery.
Chapter 11 describes the etiology and general guidelines for
management of impairments due to these joint pathologies.
This section focuses on specific interventions for the wrist
and hand.

Common Joint Pathologies 
and Associated Impairments
Rheumatoid Arthritis
The following is a summary of signs, symptoms, and result-
ing impairments typically seen in the wrist and hand with
RA.2,18,104,134

Acute stage. There is pain, swelling, warmth, and limited
motion from synovial inflammation (synovitis) and tissue
proliferation, most commonly in the MP, PIP, and wrist
joints bilaterally. There is also inflammation (tenosynovitis)
and synovial proliferation in the extrinsic tendons and 
tendon sheaths. In addition, an individual with RA may 
experience:

■  Progressive muscle weakness and imbalances in length and
strength between agonists and antagonists and between in-
trinsic and extrinsic muscles.

■  Carpal tunnel syndrome in conjunction with tenosynovitis
due to compression of the median nerve from the swollen
tissue.

■  General systemic as well as muscular fatigue. 

Advanced stages. Joint capsule weakening, cartilage destruc-
tion, bone erosion, and tendon rupture, as well as imbalances
in musculotendinous forces leading to joint instabilities, sub-
luxations, and deformities (Fig. 19.4). Typical deformities and
the pathomechanics in the hand include:2,18 

■  Volar subluxation of the triquetrum on the articular disk and
ulna. The extensor carpi ulnaris tendon displaces volarly
and causes a flexor force at the wrist joint.

■  Ulnar subluxation of the carpals. This causes radial devia-
tion of the wrist.

■  Ulnar drift of the fingers and volar subluxation of the proximal
phalanx. There is stretching or rupture of the collateral lig-
aments at the MP joints and a bowstringing effect from the
extrinsic tendons.2,18

■  Swan-neck deformity. Laxity of the PIP joint with an over-
stretched volar (palmar) plate and bowstringing of the 
lateral bands of the extensor hood result in hyperextension
of the PIP and flexion of the DIP joints (Fig. 19.5A). Tight
or overactive interossei muscles pulling on the extensor
tendon reinforces the hyperextension of the hypermobile
PIP joints, and increased passive tension in the flexor dig-
itorum profundus tendon causes flexion of the DIP joint.

■  Boutonnière deformity. Stretching or rupture of the central
band (central slip) of the extensor hood results in the lat-
eral bands of the extensor mechanism migrating volarly
to the PIP joint, causing PIP flexion and DIP extension
(Fig. 19.5B). 

FIGURE 19.4 Joint deformities seen in the hand of a patient with
rheumatoid arthritis. Note the hypertrophy of the IP joints, rheuma-
toid nodules, and volar subluxation of the triquetrum. This patient
had fusion of the wrist joints due to pain and complete destruction of
the joints, which has helped prevent the deforming, bowstringing ef-
fect of the extrinsic tendons on the MP joints. (Courtesy of Turtle
Services Limited, www.turtleserviceslimited.org/.)

A Swan-neck deformity

B Boutonnière deformity

FIGURE 19.5 (A) Swan-neck and (B) boutonnière deformities. See
text for description of the pathomechanics.
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■  Zigzag deformity of the thumb. Muscle imbalances and liga-
mentous laxity lead to metacarpal dislocation of the thumb
and deformities similar to a swan-neck or boutonnière 
deformity. Tightness in the adductor pollicis contributes to
deformities in the thumb.2,104

Degenerative Joint Disease/Osteoarthritis 
and Posttraumatic Arthrosis
Age and repetitive joint trauma lead to degenerative carti-
laginous and bony changes in susceptible joints. DJD, or 
osteoarthritis (OA), most commonly involves the CMC joint
of the thumb, and DIP joints of the digits, although the 
effects of trauma can occur in any joint.

Posttraumatic arthrosis can develop in any joint of the wrist
or hand as the result of a severe intra-articular fracture or
fracture-dislocation. For example, at the wrist, deficiency of the
scapholunate interosseous ligament as the result of a severe wrist
sprain can alter joint alignment, which can cause articular 
degeneration over time. In the fingers, the PIP joint is a common
site of articular fracture and subsequent joint degeneration.

The following is a summary of signs, symptoms, and re-
sulting impairments commonly seen in DJD or posttraumatic
arthrosis.15

Acute stage. During the early stages of DJD, symptoms in-
clude achiness and feelings of stiffness, which abate with
movement. Following stressful activities or trauma, joint
swelling, warmth, and restricted and painful motion occur.

Advanced stages. With degeneration, there is capsular laxity
resulting in hypermobility or instability; with progression,
contractures and limited motion develop. Affected joints may
become enlarged or sublux (Fig. 19.6). Limitation of both
flexion and extension with a firm capsular end-feel develops
in the affected joints. There is general muscle weakness, weak
grip strength, and poor muscular endurance. Pain may also
be a limiting factor in pinch and gripping activities. 

PRECAUTION: After trauma, the therapist must be alert to
signs of a fracture in the wrist or hand because small bone frac-
tures may not show on radiographs for as many as 2 weeks.
Signs include swelling, muscle spasm when passive motion is
attempted, increased pain when the involved bone is stressed
(e.g., deviation toward the involved bone), and tenderness on
palpation over the fracture site.64 

Postimmobilization Hypomobility
Immobilization may be necessary following a fracture, surgery,
or trauma, or it may be used to rest a part when an individual
sustains repetitive stress. Structural impairments may occur
from the lack of motion and muscle contraction, including:

■  Decreased ROM and decreased joint play with firm end-
feel and pain on overpressure.

■  Tendon adhesions as the result of inflammation in a tendon
or its sheath.

■  Decreased muscle performance including muscle weakness,
weak grip strength, decreased flexibility, and decreased
muscle endurance.

Common Impairments of Function,
Activity Limitations, and Participation
Restrictions 
When joint pathology is acute, many prehension activities are
painful, interfering with activities of daily living (ADLs and
IADLs), such as dressing, eating, grooming, and toileting, or
almost any functional activity that requires pinching, grip-
ping, and fine-finger dexterity, including writing and typing.

Functional loss may be minor or significant depending on
which joints are involved; the amount of restricted movement
and residual weakness, fatigue, or dexterity loss; and the type
of grip or amount of precision handling required.

Joint Hypomobility: Management—
Protection Phase
General guidelines for managing acute joint lesions are de-
scribed in Chapter 11, with special concerns for patients with
RA and OA summarized in Boxes 11.2 and 11.4, respectively.

Control Pain and Protect Joints 15,111

Patient education. Teach the patient how to protect involved
joints and control pain with activity modification, ROM
exercises, and appropriate use of an orthosis.15,108,111

Pain management. In addition to physician-prescribed
medications or nonsteroidal anti-inflammatory medications
and modalities, gentle grade I or II distraction and oscillation
techniques may inhibit pain and move synovial fluid for
nutrition in the involved joints.

Orthoses. Use an orthosis to rest and protect the involved
joints. Instruct the patient to remove the orthosis for brief 
periods of nonstressful motion throughout the day.

FIGURE 19.6 Advanced-stage osteoarthritis of the hands of an 
86-year-old pianist. Note the carpometacarpal (CMC) joint subluxa-
tion at the base of each thumb. Atrophy of the first dorsal interossei,
nodules, and joint enlargements are apparent, but the individual is
still functional.
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Activity modification. Analyze the patient’s daily activities
and recommend adaptations or assistive devices to minimize
repetitive or excessive stresses on the joints. This is particu-
larly important for patients with chronic arthritic disorders
to prevent repetitive trauma and to minimize joint-deforming
forces.15,108 Examples are summarized in Box 19.1.

Maintain Joint and Tendon Mobility 
and Muscle Integrity
Passive, assistive, or active ROM. It is important to move
the joints as tolerated, because immobility of the hand quickly

leads to muscle imbalance and contracture formation or fur-
ther articular deterioration. Warm water aquatic therapy is
an effective method of combining nonstressful, nonweight-
bearing exercises with therapeutic heat.

Tendon-gliding exercises. Have the patient perform full
motion in the uninvolved joints and as much motion as
possible in the involved joints to prevent adhesions between
the long tendons or between the tendons and their synovial
sheaths.59 Tendon-gliding exercises are described in the exer-
cise section of this chapter.

Multiple-angle muscle setting exercises. Perform gentle,
pain-free, isometrics of all wrist and hand musculature. 
Resistive ROM exercises usually are not tolerated if there is
joint effusion or inflammation; therefore, isometric resistance
within the tolerance of pain is performed.

Joint Hypomobility: Management—
Controlled Motion and Return to
Function Phases
With joint pathology, increase ROM by utilizing joint mobi-
lization techniques to stretch the capsule as well as passive
stretching and muscle inhibition techniques to elongate the
periarticular connective tissue and musculotendinous units
following the principles described in Chapters 4 and 5. It is
also critical to determine if scar tissue has formed in the long
tendon sheaths in the hand and, if so, to attempt to re-establish
smooth tendon gliding.

Increase Joint Play and Accessory Motions
Joint mobilization techniques. Determine which of the 
articulations of the distal RU, wrist, hand, or digits are restricted
because of decreased joint play and apply grade III sustained
or grade IV oscillation techniques to stretch the capsules. See
Figures 5.33 through 5.43 for mobilizing restricted joints of
the distal forearm, wrist, hand, and digits.

PRECAUTIONS: For patients with RA, joint mobilization
techniques are often contraindicated, especially in the inflam-
matory phase. The therapist must modify the intensity of joint
mobilization and stretching techniques that are used to
counter any restrictions. This is necessary because the dis-
ease process and steroid therapy weaken the tensile quality
of the connective tissue, and consequently the tissue is more
easily torn.

Improve Joint Tracking and Pain-Free Motion
Mobilization with movement (MWM) techniques may be 
applied to increase ROM and/or decrease the pain associated
with movement.99 (The principles of MWM are described in
Chapter 5.)

MWM of the wrist. Have the patient seated with the elbow
flexed and forearm supinated (patient’s palm facing toward
his or her face); stabilize the distal radius and ulna with one

BOX 19.1 Joint Protection in the Wrist 
and Hand

Purpose. Performance of daily activities with minimal pain,
stress to joints, and energy expenditure. Most of these
principles are applicable to any arthritic problem in the hand
but are especially important in the hand affected by
rheumatoid arthritis.15

Respect pain. Monitor activities; stop when fatigue or
discomfort begins to develop. Modify or discontinue any
activity or exercise that causes pain that lasts longer than
1 hour after stopping the activity.

Maintain strength and ROM. Integrate exercises into daily
activities.

■ Look for early signs of muscle tightness in the intrinsic
muscles. If tight, initiate stretching. One cause of swan-neck
deformity is tight interossei muscles pulling on the extensor
tendon, leading to hyperextension of hypermobile PIP joints.

■ Strengthen radial deviation of the MP joints of the fingers
to counter the ulnar drifting of the fingers that occurs in
many functional activities.

Balance activity level and rest. More rest than normal is
required during the active phases of RA. Conserve energy
and perform activities in the most economical way or do the
most important activities first.

Avoid deforming positions or one position for prolonged
periods.

Avoid using strong grasping activities that facilitate the
deforming force. Typical joint deformities with RA include
radial deviation and extension of the wrist and ulnar
deviation and volar subluxation of the MP joints. Adaptive
suggestions include:

■ Open jars with the left hand or with an assistive device.
■ Cut food with the blade of the knife protruding from the

ulnar side of the hand.
■ Stir food with spoon on the ulnar side of the hand.
■ Build up the handles of eating utensils.
■ Use stronger, larger joints whenever feasible. For example,

carry items in a shoulder bag or over the forearm or with 
two hands rather than with one hand.

■ Avoid twisting or wringing motions with the fingers. Press
water out of a rag by opposing the palms of both hands
together.
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hand, and place the other hand on the ulnar aspect of the
proximal carpal row.

■  Apply a gentle pain-free radial glide to the proximal row 
of carpals, utilizing the web space of your hand. Have the
patient then perform active wrist extension or flexion to
the end of the available range and, with his or her free
hand, apply gentle overpressure at the end of the pain-free
range (Fig. 19.7). 

■  Rotation of the carpals, either dorsally or volarly, may need
to be combined with the glide to achieve pain-free, end-
range loading.

MWM can also be used with patients who experience pain
over an individual carpal bone. In these cases, the MWM is
really used to “reposition” a carpal bone in relation to an ad-
jacent carpal (either proximal or distal). Provide a sustained
gentle dorsal or volar glide to a specific carpal bone while the
patient either performs pain-free wrist flexion, extension, 
radial or ulnar deviation 6-10 times or performs a pain-free
gripping force. Repeat for 3 sets of 6-10 repetitions, ensuring
that the technique remains pain free.99

MWM of the MP and IP joints of the digits. Gently radially
or ulnarly glide the involved phalanx in a painless direction,
then have the patient actively flex or extend the finger and
apply a pain-free, end-range stretch. Rotation of the more dis-
tal phalanx may be required in conjunction with the medial
or lateral glide to achieve painless end-range overpressure.99

Improve Mobility, Strength, and Function
Carefully examine the multijoint and intrinsic muscles for 
restricted motion due to contractures or adhesions and poor
movement patterns due to weakness or imbalances in strength.

Stretching, tendon gliding, and strengthening exercises are 
described in the exercise sections of this chapter. Utilize tech-
niques that specifically address the impairments the patient
demonstrates. Once range is gained, it is critical that the patient
uses the new range with active ROM and functional activities.

CLINICAL TIP
Strong muscles help protect the joints, but in the hand, imbal-
anced muscle forces lead to deformities. Teach isometric exer-
cises in pain-free positions by showing the patient how to use
one hand to resist the other in carefully controlled positions
and directions. These exercises can be done throughout the
day whenever the patient feels discomfort in his or her joints.

Neuromuscular control and strength. Progress exercises
with controlled and nondestructive force to increase strength
and muscle balance between antagonists and to progress 
endurance training. With pathological joints, use caution
when applying weights so as not to stress the joints beyond
the capability of the stabilizing tissues.

Functional activities. Develop exercises that prepare the 
patient for functional activities. Consider prehension patterns
that are required for the patient’s job, recreational, and daily
activities. Include exercises that require coordination and fine
finger dexterity.

Conditioning exercises. Initiate physical conditioning exer-
cises using activities that do not provoke joint symptoms, such
as aquatic exercises or cycling.

Joint protection. Reinforce use of joint protection tech-
niques as summarized in Box 19.1.

 FOCUS ON EVIDENCE
In a systematic literature review of randomized, controlled tri-
als of adult patients with RA, the reviewers concluded that there
is evidence to support the idea that low-intensity therapeutic
exercise is beneficial for reducing pain and improving func-
tional status (including hand grip strength) in patients with
RA, whereas high-intensity exercise programs may exacerbate
symptoms.109

Joint Surgery and
Postoperative Management

Long-standing RA, OA, or posttraumatic arthritis affecting
the joints and soft tissues of the wrist and hand can lead to
chronic pain, instability and deformity of joints, restricted
ROM, loss of strength in the hand, and impaired function of
the upper extremity. When nonoperative management is 
not sufficient, surgical intervention coupled with individually

FIGURE 19.7 Mobilization with movement (MWM) to increase wrist
flexion or extension. Apply a very gentle lateral glide while the patient
actively flexes or extends the wrist and then applies a passive stretch
force with his other hand at the end of the range.
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designed and carefully supervised postoperative rehabilitation
is indicated to improve and restore function.

Some of the more common surgical options for manage-
ment of arthritis of the wrist and hand are listed in ONLINE
Box 19.2 on the FA Davis website.

Soft tissue procedures, such as synovectomy, tenosynovec-
tomy for chronic tenosynovitis of the extensor and flexor 
tendons of the wrist, repair of ruptured tendons, capsulotomy
or release of other soft tissues for correcting a deformity, or
muscle balancing of the wrist or finger joints, are employed
independently or concomitantly when articular surfaces of the
involved joints remain reasonably intact.21,35,59,7687,139 If joint
deterioration is significant, resection arthroplasty, such as 
resection of the distal ulna (Darrach procedure) or proximal
row carpectomy; arthrodesis; or implant arthroplasty, per-
formed in conjunction with soft tissue repair or reconstruction,
is a surgical option for advanced joint deterioration.21,76,80,139

Some procedures are selected to relieve pain and others to
minimize or delay further deformity. For example, if medical
management of RA of the wrist does not adequately control
synovitis, tenosynovectomy is performed to remove prolifer-
ated synovium from tendon sheaths and to prevent erosion
or rupture of tendons before significant deformity and loss
of active control of the wrist and fingers occur.32,35,76,139 If
rupture occurs, tendon repair or transfer can improve func-
tion of the hand and delay or prevent subluxation and dislo-
cation of joints or fixed deformities.32,35,59,61 

Partial or complete arthrodesis of the wrist and arthrodesis
of an individual joint of a digit, such as the CMC joint of the
thumb, yields predictable and durable results. Fusion corrects
deformity and gives the patient stability and relief of pain
with only some compromise of function despite the loss of
joint motion.76,80 If fusion is inappropriate and pain-free
functional mobility is necessary, implant arthroplasty—either
interposition arthroplasty or total joint replacement—is an
option. In many instances, a combination of joint and soft
tissue procedures is indicated.17,21,35,80 For the most part, how-
ever, arthroplasty is reserved for the patient who requires only
low-demand use of the hand.

General goals. The goals of surgery and postoperative man-
agement of advanced arthritis and associated deformities 
of the wrist and hand include17,21,32,59,80 (1) relief of pain, 
(2) restoration of normal or sufficient function of the wrist and
hand, (3) correction of instability or deformity, (4) restora-
tion of ROM, and (5) improved strength of the wrist and
fingers for functional grips and pinch.

A discussion of several types of arthroplasty and general
guidelines for postoperative management follow. Information
on surgical management and postoperative rehabilitation of
tendon repairs and transfers associated with RA is then out-
lined. Given the complexity of hand rehabilitation, suggested
phase-specific guidelines for exercise, founded on principles
of tissue healing, must be individualized for each patient and
determined by the patient’s level of participation in the reha-
bilitation process and response to exercise.

Successful outcomes are contingent upon close communi-
cation among the surgeon, therapist, and patient or patient’s

family. An effective postoperative rehabilitation program com-
bines early, supervised therapy with patient education and
progresses to long-term self-management by the patient.59,81

Although rehabilitation is deemed essential after each of the
surgical interventions covered in this section, postoperative
protocols vary and have not been compared for each type of
procedure, making it difficult to suggest that there is one best
approach to postoperative management.

Wrist Arthroplasty
Although arthrodesis of the wrist continues to be the most
common surgical intervention for late-stage arthritis of the
wrist, arthroplasty has become an acceptable alternative,
particularly for patients with arthritis and impaired mobility
of other joints of the extremities. Although wrist arthrodesis
has not been shown to limit upper extremity function in daily
living activities in patients with only posttraumatic arthritis
of the wrist, it is thought that loss of wrist motion may ad-
versely affect function, such as personal care, in patients with
RA who also have impaired mobility of other upper extremity
joints.32,80,130 For these patients, wrist arthroplasty (total joint
replacement) is an option that provides relief of symptoms
while retaining some wrist mobility.32,35,130

Indications for Surgery
The following are common indications for arthroplasty of the
wrist:1,17,21,35,107,130

■  Severe pain in the wrist region as the result of deterioration
of the articular surfaces of the distal radius, carpals, and
distal ulna from chronic arthritis (usually RA, but also OA
and posttraumatic arthritis) that compromises hand and
upper extremity function

■  Deformity and marked limitation of wrist motion that
cause muscle-tendon imbalances of the digits

■  Subluxation or dislocation of the RC joint
■  Appropriate procedure for low-demand upper extremity

functional needs
■  Appropriate procedure for patients with bilateral wrist in-

volvement in which arthrodesis of both wrists would limit
rather than improve overall function

■  Also appropriate procedure for patients with significant
stiffness of the ipsilateral shoulder, elbow, or finger joints in
whom unilateral wrist arthrodesis would further limit,
rather than improve, functional use of the upper extremity

CONTRAINDICATIONS: Box 19.2 identifies some absolute
and relative contraindications to wrist arthroplasty and arthro-
plasty of the joints of the fingers and thumb.1,17,21,107

Procedures

Implant Design, Materials, and Fixation
Numerous designs of total wrist replacement arthroplasty
have been developed and consistently refined over the past
few decades, making arthroplasty available not only to 
patients with late-stage joint disease, but also those with 
severe deformity and collapse of the wrist joint.17,32,107,130
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However, a total wrist arthroplasty is still contraindicated
for individuals with a nonfunctional hand due to neurolog-
ical dysfunction as well as in high-demand patients, laborers,
and those with previous history of sepsis or deep local infec-
tion. It is also contraindicated for those patients who require
the use of assistive devices for support during ambulation 
or transfers. 

Implants used in total wrist arthroplasty have undergone
considerable changes aimed at increasing implant survivor-
ship. Currently there are three implant designs approved by
the US Food and Drug Administration: the Universal 2 (which
uses an ellipsoidal articulation with a beaded porous coating
and radial and ulnar variable-angle screws), the ReMotion
(designed to allow some degree of intercarpal rotation—the
polyethylene ellipse snaps on a ball on the proximal side of
the carpal plate), and the Maestro (which mimics a proximal
row carpectomy and depends on replacement of the capitate
head. The articulation is achieved with a polyethylene proximal
component seated into the radius. Follow-up studies have
demonstrated that the Universal 2 produces an average total
arc of motion of 68° (42° of flexion and 26° of extension and
an average of 1° of radial deviation and 26° of ulnar deviation)
(Fig. 19.8A). The ReMotion produces a flexion-extension 
arc of 58°, and radial deviation/ulnar deviation of 30° (13° of
radial deviation and 17° of ulnar deviation) (Fig. 19.8B). The
Maestro, the newest of the implants, produces an average
flexion-extension arc of 90° (43° of flexion and 47° of exten-
sion) and a radial/ulnar deviation arc of 43° (14° of radial 
deviation and 29° of ulnar deviation) (Fig. 19.8C) and is the
only implant currently on the market that has achieved func-
tional ROM.107,130,153,

Operative Overview
Total wrist arthroplasty requires a longitudinal incision
along the dorsal aspect of the wrist in line with the third

metacarpal.17,21,80,130 Concomitant dorsal clearance (syn-
ovectomy of the wrist and tenosynovectomy of the extensor
tendons) is often necessary. The retinaculum is incised and
reflected, and the digital extensor tendons are retracted for
access to the joint capsule.

The distal portions of the radius, the proximal row
(scaphoid, lunate, and triquetrum), and the proximal half
of the capitate are resected. The axis of rotation for the
wrist lies at the proximal third of the capitate; therefore, 
the closer the center of the implant to the original, normal
center, the better the balance of the implant and ultimately
the better the functional outcome of the arthroplasty. An
intercarpal fusion of the distal carpal row is performed 
to support the distal component of the implant, which is

68° Arc of motion

26° Arc of motion

30° Arc of motion

13° RD 17° UD58° Arc of motion

90° Arc of motion

43° Arc of motion

FIGURE 19.8 Arc of motion achieved with (A) the Universal 2, 
(B) the ReMotion, and (C) the Maestro joint implants.

A

B

C

BOX 19.2 Contraindications to Arthroplasty
of the Wrist or Digits

Absolute
■ Active infection
■ Expected high-demand use of the hand (e.g., manual labor)

or high-impact sport activities (e.g., tennis and volleyball)
■ Inadequate motor control of the wrist or hand as the result

of neurological damage
■ Rupture of the radial wrist extensors
■ Limited ROM without pain

Relative
■ Severe and irreparable deformity of the wrist or digits
■ Rupture of multiple extensor tendons of the digits
■ Inadequate, poor quality bone stock
■ Need for ambulation aids (e.g., crutches or a walker) that

place significant forces across the wrist and hand
■ Compromised immune system
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subsequently secured to the distal carpal row. With insta-
bility and subluxation of the radiocarpal joint, capsule and
ligament reconstruction typically is performed to improve
wrist stability. Soft tissue balancing is critical for satisfac-
tory results.80,130

After closure of the dorsal incision, the hand is placed in
a long-arm or short-arm bulky compression dressing and
elevated for several days postoperatively to control edema.

Postoperative Management

Immobilization
At 2 to 5 days’ following surgery, the bulky dressing is removed
and the wrist and forearm are placed in a short-arm volar wrist
orthosis with the wrist positioned in 10° to 15° extension. The
orthosis allows full, unrestricted finger ROM and opposition
of the thumb. At this stage it is important to encourage finger
and thumb mobility while in the orthosis. Early on, the 
patient may have difficulty with activation and glide of the
finger extensor muscles because of the surgical approach;
therefore, it is beneficial to have the patient perform place and
hold exercises for the digital extensors to assist with tendon
glide and muscle activation.26,80

Depending on the stability of the prosthesis, gentle active
ROM of the wrist may begin as early as 2 weeks progressing
to passive range stretching begun at approximately 4 weeks.
During the first 4 to 6 weeks, the patient will wear the 
orthosis most of the time, only removing for bathing and
exercises.26,80,130

Exercise Progression
As with arthroplasty of other large or small joints, the goals
and progression of exercise during each successive phase of
rehabilitation after wrist arthroplasty are based on the stages
of soft tissue healing. If concomitant extensor tendon repairs
were also done, the guidelines and time frame for exercise are
adjusted and special precautions are taken, as discussed in a
later section of the chapter on repair of extensor tendon rup-
tures in RA.

CLINICAL TIP
When implementing a postoperative exercise program after
any type of wrist arthroplasty, stability of the wrist always
takes precedence over restoration of wrist mobility. As a point
of interest with regard to wrist ROM, the results of biome-
chanical studies of normal individuals performing a variety
of functional activities have revealed that no more than 40°
of wrist flexion or extension and a combined 40° of radial and
ulnar deviation is used during most activities.102

For protection of the wrist after arthroplasty, precau-
tions, identified in Box 19.3, must be incorporated into post-
operative exercises and functional activities during and after
rehabilitation.26,80,130,134

Exercise: Maximum and Moderate Protection Phases
The focus of rehabilitation during the maximum protection
phase is to control pain and peripheral edema, protect the
wrist, and prevent stiffness of the rest of the upper extremity.
When the orthosis can be removed for wrist exercises, pro-
tection of the wrist is still essential.

The emphasis during the moderate protection (controlled
motion) phase, which typically begins about 4 weeks postop-
eratively, is to gradually restore active control and mobility of
the digits, wrist, and forearm motion without jeopardizing
wrist stability.

Goals and interventions. The following goals and interven-
tions should be considered before and after the wrist orthosis
can be removed for exercise.26,80,130

■  Maintain and later improve mobility of uninvolved joints.
■ Begin active ROM exercises of the digits, elbow, and

shoulder while the wrist is immobilized and the use of
the hand is restricted.

■ At 6 weeks postoperatively, if there was limited finger
mobility preoperatively, initiate gentle passive stretching
of the fingers with the wrist in a neutral position and 
selectively use a low-load, dynamic or static progressive
finger orthosis during the day to increase mobility for a
sufficient level of hand function.

■ Grade II and possibly grade III joint mobilization tech-
niques are appropriate if the joints of the digits are not
inflamed.

■  Restore control and mobility of the wrist.
■ Edema control and scar management are an essential

part of the program.
■ Include active ROM and tendon-gliding exercises with

the wrist in neutral (see Fig. 19.16 A through E in the 
exercise section of this chapter).

■  Regain use of wrist, finger, and thumb musculature.
■ Start with gentle setting (place and hold) exercises and

progress to low-intensity, isometric resistance exercises
of the wrist and finger musculature.

■ Begin to use the hand for light (minimum-load) func-
tional activities around 6 to 8 weeks.118

BOX 19.3 Precautions After Wrist Arthroplasty

■ Avoid weight bearing on the operated hand during
transfers, ambulation with assistive devices, or other daily
living activities.

■ If ambulation aids are required because of lower extremity
joint involvement, use forearm-support crutches or walker.

■ Avoid functional activities that place more than 5- to 10-lb
loads on the wrist.

■ Wear a wrist orthosis for additional protection during
functional activities.

■ Permanently refrain from high-impact vocational or
recreational activities, such as heavy labor or racquet sports.
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Exercise: Minimum Protection/Return to Function
Phase
During the final phase of rehabilitation, which usually does
not begin until 8 to 10 weeks postoperatively, regaining suffi-
cient strength and muscular endurance of the entire upper
extremity for functional activities is the priority.26,80 Patient
education focuses on incorporating joint protection during
functional activities (refer to Box 19.1). Use of a resting or-
thosis is advisable at night, particularly if a wrist flexion con-
tracture persists. 

Goals and interventions. The following goals and interven-
tions can be progressed as the extent of protection decreases:

■  Regain functional strength of the hand and wrist.
■ Transition to low-intensity, dynamic resistance (about 

1 lb) exercises of the hand and wrist.26,81

■ Emphasize simulated functional movement patterns,
such as various types of grasping activities, being certain
to reinforce principles of joint protection. If not previ-
ously initiated, begin to use the hand for light functional
activities.130

■ Advise patients regarding avoidance of repetitive forceful
activities (i.e., hammering), heavy manual labor, and
contact sports.130

Outcomes 
A successful outcome after wrist arthroplasty gives the patient a
stable, pain-free wrist with functional ROM. Postoperative out-
comes typically measured are pain relief, use of the hand for
functional activities, wrist and forearm ROM, and grip strength.
Instruments, such as the Disabilities of the Arm, Shoulder, and
Hand (DASH) questionnaire and the Patient-Rated Wrist Eval-
uation, are used to assess pain, function, and satisfaction.107 

For the patient with late-stage arthritis in multiple joints,
the sequencing of joint surgeries is critical for successful out-
comes. For example, a hip or knee replacement should be
done before wrist arthroplasty to avoid the need to place
weight on the wrist replacement when using an assistive de-
vice for ambulation.1

Pain relief. Barring complications, short- and long-term re-
lief of pain after total wrist arthroplasty17,21 is a consistent
finding.107,130 For example, Ferreres and associates62 reviewed
midterm results using the Universal 2 implant in 22 wrists 
(22 patients) with an average follow up of 5.5 years (range 3
to 9 years). Fifteen of the 22 patients had RA, 2 had wrist 
destruction from advanced Keinbocks disease, and the remain-
ing 5 patients had nonrheumatoid inflammatory arthritis.
Following the procedure, 10 patients reported being very
satisfied and 10 patients were satisfied. Pain during ADLs
was absent or slight in 17 patients, and when discomfort was
present, it was attributed to neighboring diseased joints.
Similar results have been found with the ReMotion and
Maestro implants.107

Wrist and forearm ROM, strength, and function. Im-
provement in ROM is less predictable than pain relief. ROM

of the wrist achieved postoperatively is usually about 25° to
35° of extension and 30° to 40° of flexion; 10° of radial devi-
ation and 15° of ulnar deviation, however, these ranges can
be highly variable.130 A functional level of active wrist ROM
appears to be retained over an extended number of years. 

Grip strength and use of the operated hand for functional
activities routinely improve after wrist arthroplasty. Relief of
pain has an obvious impact on hand function. Concomitant
soft tissue repair, such as repair of ruptured tendons, also con-
tributes to improved function.107 Furthermore, arthroplasty
provides some additional length to the wrist, which in turn
improves the length-tension relationship of the muscle-tendon
units that cross the wrist.17

Complications. Potential complications, any of which can
compromise outcomes following wrist arthroplasty, fall into
two broad categories: intraoperative and postoperative.1,63

During surgery, there is a risk of fracture of the radius or
carpal bone during component implantation, particularly if
there is weakening of the cortical bone from long-standing
synovitis. This complication requires use of a bone graft and
an extended period of immobilization, which can result in
postoperative tendon adhesions and stiffness of the wrist.
There is also risk of intraoperative damage to an extensor ten-
don when exposing the joint, requiring repair of the tendon
and modification of postoperative exercises so as not to place
excessive stress on the repaired tendon.63

Postoperative complications include wound infection,
dislocation or component loosening, and component wear
and eventual breakage.1 However, results of recent modifica-
tions to implant designs that rely on the distal component
fixed to the carpus with concomitant intercarpal fusion have
significantly reduced the incidence of loosening when com-
pared to older models fixed into the metacarpal shafts.63,130

Complications may require an alternative procedure or revi-
sion arthroplasty. If a silicone implant arthroplasty fails, total
wrist arthroplasty is still possible; if a total wrist arthroplasty
fails because of mechanical loosening or component failure,
revision arthroplasty and wrist arthrodesis are still viable 
alternatives.1,17,63,130

Metacarpophalangeal Implant
Arthroplasty
Arthroplasty of the MP joints of fingers (digits 2 to 5), com-
bined with necessary reconstruction of soft tissues, is the
most common surgical procedure performed to manage
impaired function and progressive deformity as the result
of late-stage RA of the hand.32,40,128In patients with RA,
hand function has been shown to improve over a 1-year 
period following MP arthroplasty when combined with 
ongoing medical management. In contrast, the level of
hand function does not deteriorate but does not improve
over the same time period with ongoing medical manage-
ment alone.33 Arthroplasty is also an option for patients
with idiopathic OA and posttraumatic arthritis of the MP
joints.40,89,115,130,132
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For MP arthroplasty to be successful, a patient must have
intact extensor digitorum tendons, or repair of these tendons
must be performed. The two procedures may be staged, one
prior to the other, or performed simultaneously as determined
by the surgeon. Other procedures to balance soft tissues must
accompany MP arthroplasty for improved hand function
postoperatively.33,88,132

If joints other than the MP joints are involved, which is
often the case in RA, surgeries are carefully sequenced. For
example, if the wrist is involved, a radiolunate or total wrist
arthrodesis for pain-free wrist stability in a functional posi-
tion may be necessary prior to MP arthroplasty. In contrast,
a swan-neck deformity of a finger is managed with PIP fusion
in 30° to 40° of flexion, but typically it is done after—not
before—MP arthroplasty.32,33,134

Similar to wrist arthroplasty, the overall goals of this surgery
and postoperative management are to relieve pain, correct
alignment of the fingers, improve active hand opening and
grasp, and improve the cosmetic appearance of the hand.32,88,130

Indications for Surgery
The following are common indications for arthroplasty of the
MP joint(s):32,33,80,88,130

■  Pain at the MP joint(s) of the hand and diminished hand
function as the result of deterioration of the articular sur-
faces, usually because of RA but sometimes as the result of
OA or posttraumatic arthritis

■  Instability, often coupled with volar subluxation, and defor-
mity (flexion and ulnar drift) of the MP joint(s) that cannot
be corrected with soft tissue releases and reconstruction
alone

■  Stiffness and decreased active ROM of the MP joints, often
associated with a deficient extensor mechanism, causing
inability to open the hand to grasp large objects

■  Poor appearance of the hand as the result of deformity

Procedures

Implant Design, Materials, and Fixation
MP joint arthroplasty is designed to provide a balance of 
stability and mobility to the MP joints for patients with late-
stage arthritis. Several designs using different materials and
methods of fixation have been developed over the past few
decades. Currently there are three types of implants available
in the United States for MP arthroplasty: pyrolytic carbon
(pyrocarbon) MP joint implants, silicone elastomer implants,
and surface replacement implants. Both the pyrolytic carbon
implant as well as the surface replacement implant attempt
to recreate more normal anatomy and may offer patients 
improved function in the long term.5,49,80,128 The silicone elas-
tomer implant (Fig. 19.9) has been used since the 1960s and
with its known material and long track record, is predictable
and dependable in low-demand patients.5,32,80,130 Silicone
elastomer implants have traditionally been used for patients
with RA and less commonly in traumatic or isolated degen-
erative arthritis. 

 FOCUS ON EVIDENCE
Kevin Chung and colleagues37 performed the largest collabo-
rative multicenter prospective cohort study to date, comparing
the silicone elastomer implant to a nonsurgical group. A total
of 67 surgical patients and 95 nonsurgical patients with severe
subluxation and/or ulnar drift of the fingers at the MP joints
were recruited. Outcomes included the Michigan Hand Out-
comes Questionnaire (MHQ), the Arthritis Impact Measure-
ment Scales 2 (AIMS2), grip/pinch strength, the Jebsen-Taylor
Test, ulnar deviation, extensor lag, and arc of motion at the
MP joints. At 3 years, data was available on 42 surgical and 73
nonsurgical patients and demonstrated significant improve-
ment in mean overall MHQ score and the MHQ function,
ADLs, aesthetics, and satisfaction scores in the surgical group
as compared to the nonsurgical group. Ulnar deviation (20°),
extensor lag (30°), and arc of motion (99°) in the MP joints
also improved significantly in the surgical group. The AIMS2
scores and grip/pinch did not show improvement. Complica-
tions were reported as minimal with a fracture rate of 9.5%. 

As an alternative to silicone elastomer implants, two-
component, convex-concave implants have been developed.
The surface replacement (SRA) implant provides a medial–
lateral stability in flexion, and the radius of the curvature of
the articular surfaces allows for the potential of a near normal
arc of motion. The components are designed to be cemented;
however, noncemented components are being considered 
for the future.80,128 The indications for SRA are the same for
silicone implants; however, the need for functional collateral
ligaments is critical in both the surface replacement and 

FIGURE 19.9 Lateral view of the three most common silicone-
based implants: Neuflex (top), Avanta (middle), Swanson (bottom).
Note that the Avanta and Swanson implants are of a 0° bend type.
(From Manuel, JLM, and Weiss, APC: Silicone metacarpophalangeal
joint arthroplasty. In Strickland, JW, and Graham, TJ [eds]: Master
Techniques in Orthopedic Surgery—The Hand, ed. 2. Philadelphia:
Lippincott Williams & Wilkins, 2005, p 393, with permission.)
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pyrolytic designs.49,128 The pyrolytic carbon implant has
demonstrated properties similar to cortical bone, and wear
models have demonstrated no evidence of wear or wear 
debris, no evidence of inflammation, and excellent bone-
implant incorporation. The material properties of the pyrolytic
carbon implant provide a good alternative for patients with
degenerative or traumatic arthritis of the MP joint. For those
patients with RA, where there are signs of instability, disloca-
tion, and cortical bone loss, traditional silicone implants
remain the most favorable option.32,37,49,80,128 

 FOCUS ON EVIDENCE
Wagner and colleagues146 performed a prospective study over
14 years (1998 to 2012) of 254 MP arthroplasties in 110 patients
using the pyrocarbon implant design. Of those, 164 patients
had inflammatory arthritis (51 required prednisone and 
93 required methotrexate), 37 had posttraumatic arthritis, and
53 had osteoarthritis. Of the 254 arthroplasties over 14 years,
26 required revision surgery. The 2-, 5-, and 10-year survival
rates were 96%, 89%, and 77%, respectively. The risk for revi-
sion surgery was greatest in smokers and those with inflam-
matory arthritis requiring either prednisone or methotrexate.
The 5-year survival rate was not significantly different for
inflammatory arthritis (90%), osteoarthritis (85%), and post-
traumatic arthritis (85%). The authors concluded that patients
overall experience provided predictable pain relief and 
improvements in ROM and pinch strength and that MP
arthroplasties using a pyrocarbon implant demonstrated a
nearly 90% 5-year survival rate with a relatively low rate of
complications regardless of the diagnosis. 

Operative Overview
MP arthroplasty and related soft tissue balancing involve the
following procedures.5,40,88,115,128 The involved MP joints are
approached by either a single, transverse incision over the
dorsal aspect of the metacarpal heads or by double, longitu-
dinal incisions made between the index and middle fingers
and the ring and little fingers. The joint capsule is exposed 
by carefully separating the extensor tendons, which are often
ulnarly displaced from the underlying capsule, and longitu-
dinally incising the extensor hood. The tendons are retracted;
the ulnar and possibly the radial collateral ligaments, if intact,
are reflected from the head of each metacarpal; and the dorsal
aspect of the capsule is incised (capsulotomy). Every effort is
made to preserve the radial collateral ligaments. A synovec-
tomy is performed if necessary. If a significant flexion con-
tracture exists, the volar aspect of each capsule may also be
incised to allow greater extension of the MP joints.

The heads (distal aspect) of the metacarpals and proximal
aspect of the first phalanges of the involved joints are excised,
and the intramedullary canals of the metacarpals and proxi-
mal phalanges are widened to accept the prosthetic implants.
After insertion of the implants, the ROM of the replaced
joints is checked. The joint capsule, radial collateral ligament

(if preserved), and extensor mechanism of each digit are 
repaired. The wound is then closed, and a bulky compression
dressing and volar hand and forearm orthosis are placed on
the hand. The hand is elevated to control edema.5,80,128

Postoperative Management
As with arthroplasty of the wrist or other joints of the digits,
the postoperative rehabilitation program is founded on the
principles of soft tissue healing and includes phase-specific
goals and interventions, including the use of dynamic and/or
static orthoses and a supervised home exercise program.

General postoperative guidelines from a number of re-
sources for a progression of exercises combined with the use
of orthoses to maintain alignment and protect soft tissues 
as they heal are summarized in this section.28,40,80 These
guidelines must be individualized based on the type of arthro-
plasty and soft tissue procedures performed and each patient’s
response. Ongoing patient education and close communica-
tion with the surgeon are essential for effective outcomes.
Postoperative rehabilitation continues for 3 to 6 months.

Immobilization
Initially, the wrist and hand are continuously immobilized in
the bulky compression dressing and volar orthosis applied at
the end of surgery, with the wrist positioned in neutral, the
MP joints in full extension and either neutral or slight radial
deviation (opposite the position of deformity), and the distal
joints (PIP and DIP) are free.5,32,40,80,115

Continuous immobilization is not lengthy but varies with
the type of arthroplasty, the type and quality of the soft tissue
repairs, and the stability of the reconstructed joints. If only
an MP implant was performed, the hand remains immobi-
lized for only a few days. If, in addition to the MP arthroplasty,
ruptured extensor tendons were repaired or transferred, the
hand remains immobilized longer to protect the tendons.61

Dynamic orthoses. When the compression dressing is re-
moved, the hand is placed in a dynamic MP extension orthosis
with an outrigger (Fig. 19.10). The orthosis is worn to protect

FIGURE 19.10 A dynamic extension orthosis with rubber bands at-
tached to a dorsal outrigger used after MP arthroplasty; permits active
MP flexion; and, at rest, maintains the MP joints in extension and some-
times slight radial deviation. (Courtesy of Janet Bailey, OTR/L, CHT.) 
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healing structures, maintain alignment (to prevent recurrent
flexion and ulnar drift deformities at the MP joints), and control
and guide the range and plane of motion during exercises as soft
tissues heal.20,33,80 

The dynamic orthosis holds the wrist in about 10° to 15° of
extension and the MP joints in neutral (at 0°) and slight radial
deviation, but it does not control motion in the IP joints.
Slings under the proximal phalanx of each finger with spring
and fishing line, rubber bands, or elastic cord attached to the
outrigger of the orthosis hold the MP joints in a neutral (0°)
position when the hand is at rest but still allow active flexion
of the MP joints within a functional range. The finger slings
are placed around the proximal phalanges with a 90° angle 
of pull from the proximal phalanx to the outrigger. It is critical
to maintain the MP joints in a neutral position of extension
when at rest. The pull must also be in the radial direction to
prevent recurrence of the ulnar drift and also to prevent radial
and ulnar instability by decreasing stress on the radial aspect
of the capsule. The patient wears the dynamic orthosis
throughout the day for about 6 weeks.33,80,130

Static orthoses. A static orthosis is provided for the patient
to wear while sleeping. The night orthosis is made with the
wrist and MP joints in neutral extension with control of the
alignment of the fingers. The night orthosis is worn for 3 to
6 months after surgery or longer as determined by joint align-
ment and/or the presence of an extensor lag.32,80 

Exercise Progression
Protected motion in a dynamic orthosis is initiated as early
as 3 to 5 days or as late as 10 to 14 days postoperatively when
the bulky compression dressing is removed and orthoses have
been fabricated.20,32,40,80,128 Within the first week, emphasis is
placed on edema management and gentle active ROM and
passive ROM for MP joint flexion and extension within the
orthosis with careful monitoring of alignment and rota-
tion.32,80 Time frames may vary with the type of procedures
performed, the underlying pathology, and the stability of the
joint. Even after the bulky dressing is removed, exercise may
be delayed for a patient with poor soft tissue quality and
potential joint instability or delayed wound healing.

With OA or posttraumatic arthritis, the involved MP joints
are usually stable postoperatively. Therefore, MP exercises
typically are begun earlier and progressed more rapidly in
these patients than is permissible for patients with RA, whose
joints tend to be less stable as the result of long-standing tissue
inflammation and deformities.115

Lubahn and associates80 proposed general goals following
MP joint arthroplasty: optimal wound healing, prevention of
scar adhesion, management of postoperative edema, neutral
alignment with a 35° to 45° arc of motion at the MP joints, and
optimal performance of ADLs and vocation/avocational activ-
ities. Amadio and Shin5 reported an expected outcome of a 30°
to 40° arc of motion; however, Chung34 and colleagues studied
162 patients with 180 arthroplasties, and their results demon-
strated a 28° arc of motion for the index finger, 28° for the long
finger, 32° for the ring finger, and 35° for the small finger, which

is slightly less than others have reported. Regardless, appropriate
treatment leads to improved motion. The most effective treat-
ment is one based on the individual’s tissue response to the 
exercises and the orthotic positioning program. The most im-
portant outcome is for the patient to achieve functional motion
in the fingers and satisfaction that their pain has been relieved
and their deformity has been improved.33,37,80,128

CLINICAL TIP
During the course of rehabilitation, active MP flexion usually
plateaus before active MP extension, with flexion levelling off
at about 3 to 4 months; however, extension often continues
to improve for up to a year.46

Exercise: Maximum Protection Phase
For the first 3 weeks, the emphasis is on edema management
with active ROM and gentle passive stretching performed
within the orthosis. The MP joint is flexed, with the shelf 
position (MP flexion with IP extension) emphasized, followed
by the fingers slowly flexing into the palm. The focus is on the
range of the MP joint. During the second week after surgery,
collagen formation increases around the capsule and the im-
plant and the joint become more stable. This may appear as
increased stiffness of the MP joints; therefore, it is important
to monitor the ROM to ensure that the motion is maintained
during this time of scar production and maturation.80

CLINICAL TIP
Extra attention must be given to the small finger, because the
small finger may demonstrate weak flexor power due to chronic
subluxation at the MP joint. Buddy taping the small finger to
the ring finger at the proximal phalanx may assist with small
finger MP joint flexion.80

Goals and interventions. The following goals and exercises
are emphasized during the maximum protection phase:20,80,147

■  Maintain mobility of the shoulder, elbow, and forearm.
■ Perform active shoulder, elbow, and forearm ROM. This

is particularly important for patients whose RA is affect-
ing multiple joints of the body.

■  Improve functional ROM of the fingers and maintain
gliding of tendons within their sheaths.
■ To facilitate ROM, edema management techniques in-

cluding compression sleeves or compression wrapping
is initiated.

■ Begin active and gentle passive stretching of the MP, PIP,
and DIP joints into flexion and extension within the 
dynamic orthosis. Emphasize the shelf position of the
MP joints followed by flexion of the PIP and DIP joints
into the palm of the hand closely monitoring alignment
and rotation.
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PRECAUTIONS: Carefully observe the incision during MP flex-
ion, being certain to avoid excessive tension on the skin and
delay wound closure. 

■  Prevent adhesions along the healed incision.
■ Perform gentle mobilization of the scar when sutures

have been removed.

Exercise: Moderate and Minimum Protection
Phases
The moderate protection phase begins at about 3 weeks when
the implant is clinically stable. The emphasis at this time is to
achieve full active extension of the MP joints to neutral (no
extensor lag) and continue to increase active MP flexion for
functional use of the hand. If MP joint flexion is not at the
desired range, passive flexion cuffs or rubber band traction
may be initiated at this time. The frequency and duration of
orthotic positioning is determined by the patient’s active and
passive motion at this time.

At 4 weeks, in the late fibroblastic stage, coordination and
muscle balancing exercises to maintain flexion and extension
begin. Light strengthening exercises may also be initiated. It
is important to review the joint protection principles and
modify the behaviors as needed. At 5 weeks, light ADLs and
functional activities are initiated utilizing the joint protection
principles. The dynamic orthosis may be continued as needed
to assist with alignment and to provide an extension assist if
an extensor lag is present. By 6 weeks, the daytime dynamic
extension orthosis is gradually discontinued; however, it may
be helpful for some patients to use a hand-based dynamic 
orthosis to maintain the MP joints in extension, yet allow 
for flexion during functional activities.80,128 Or, if additional
support for alignment is needed, a soft hand-based or forearm-
based ulnar drift orthosis may be beneficial. The static night
orthosis is continued for an additional 3 to 6 months. During
the minimum protection phase, which begins around 8 weeks
postoperatively, scar maturation is underway; progressive
strengthening of the wrist and hand musculature and increas-
ing use of the hand for functional activities while reinforcing
principles of joint protection are emphasized. In most in-
stances, a patient is allowed full use of the hand for light to
moderate functional tasks by 12 weeks postoperatively.

Goals and interventions. During the moderate and mini-
mum protection phases, goals include the following:20,40,80

■  Continue to increase ROM and active control of the MP
joints.
■ Have the patient continue active flexion exercises in the

dynamic orthosis until the daytime orthosis is discon-
tinued. Continue passive stretching, one finger at a time,
to increase flexion.

■ Emphasize active MP extension with the wrist in neutral
and the IP joints flexed (the hook fist position of the
hand) to reinforce the action of the extensor digitorum
(ED) muscle and minimize influence of the intrinsic fin-
ger extensors. This movement also promotes gliding of
the extrinsic extensors in the tendon sheaths.

■ Reinforce MP extension by maintaining the extended
position briefly with each repetition.

■ Teach the patient to perform active radial deviation of the
MP joints by placing the open hand palm-down on a table,
stabilizing the dorsum of the hand with the opposite hand,
and sliding (“walking”) the fingers toward the thumb.

■ Include active composite finger flexion and opposition
of the thumb to each digit, emphasizing pad-to-pad
pinch rather than lateral pinch.

■  Restore ROM of the wrist.
■ When the dynamic orthosis can be removed during ex-

ercise, initiate active ROM of the wrist, emphasizing
wrist extension. Be sure the fingers are relaxed during
wrist motions.

■  Improve functional strength of the hand and wrist.
■ Have the patient begin isometric flexion and extension

against submaximal manual resistance or a solid object
at 4 weeks postoperatively. Then transition to resisted
dynamic finger flexion and extension using a variety 
of exercise devices, such as a small spring-loaded hand
exerciser or exercise putty beginning around 6 weeks.80

■ Include resisted radial deviation of the digits. For exam-
ple, have the patient place the hand on a table palm-
down and stabilize the dorsum of the involved hand with
the opposite hand. Abduct the index finger against the
resistance of a rubber band or push against a coffee cup
and slide it across the table.20

■  Regain use of the hand for functional activities while 
protecting the operated joints to prevent recurrence of 
deformity.
■ Reinforce principles of joint protection and energy

conservation through patient education (see Box 19.1).
Emphasize avoidance of stresses on the fingers in an
ulnar direction.

■ Perform simulated functional grasping activities, begin-
ning with light prehension activities. Use the hand for
light to moderate functional activities by 5 to 6 weeks
postoperatively.

■ Modify ADLs that could contribute to deforming
stresses on the MP or other involved joints.80 Consider
use of a commercially fabricated, hand-based, digital
alignment orthosis made of neoprene during heavier,
more stressful activities.

Outcomes 
A successful outcome provides the patient with pain-free, sta-
ble, and properly aligned MP joints combined with improved
active extension of the digits while retaining or improving MP
flexion sufficient for functional grasp. Of these outcomes,
pain relief and improved deformity is the primary value of
MP arthroplasty.37

Pain relief and patient satisfaction. Pain relief is excellent
or good for most patients, and correction of a flexion/ulnar
drift deformity is consistently sufficient after MP arthroplasty.
Both of these outcomes contribute to patient satisfaction 
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because they improve hand function and the cosmetic 
appearance of the hand.33,80,128

ROM and hand function. As previously noted, approxi-
mately 70° of active flexion of the MP joints with full active
extension to neutral and correction of ulnar drift of the 
fingers are considered an ideal overall result.80

This degree of mobility enables a patient to open the hand
far enough to grasp large objects, touch the fingertips of the
ulnar digits to the palm (which is necessary for grasping small
objects), and touch the tips of the index finger and thumb 
for pinch. Less MP flexion in the index and middle fingers is
acceptable because limited motion of the MP joints enhances
stability and allows dexterity and pinch without compromising
functional grasp. In a review of a number of short- and long-
term studies of patients with various types of arthritis under-
going MP arthroplasty, the postoperative range of MP flexion/
extension varied considerably from study to study, with the
mean arc of active motion for all fingers reported to be 40° to
45° and a mean extensor lag of 15°. When comparing pre- and
postoperative mobility, the total range of flexion/extension
may increase only to a small or moderate extent, but the arc of
active motion postoperatively often is elevated and becomes
more functional. Few studies have directly compared one type
of prosthetic implant to another. However, Delaney and 
colleagues47 performed a prospective, double-blind study of
patients with RA, which followed patients for 2 years postop-
eratively, and compared the results of two types of silicone 
implants, the Swanson and the Neuflex® designs (see Fig. 19.9).
The findings indicated a significantly greater improvement in
MP flexion in patients who received the Neuflex® design than
in patients who received the Swanson implant, but there was
no significant difference in active MP extension, ulnar devia-
tion, or grip strength between the two groups. Of interest in
this study is that the Neuflex® implant, which is performed in
30° of flexion, did not adversely affect active MP extension,
which had been a concern of the investigators.

Although satisfactory improvement of MP mobility and a
significant correction of deformity (decreased ulnar drift of
the fingers) are predictable outcomes after joint arthroplasty,
grip and pinch strength do not seem to increase significantly
or consistently or they improve only modestly. For example,
results of a study by Chung and associates 33 demonstrated
that grip and pinch strength had decreased at 6 months after
surgery (compared to preoperative measurements) and then
gradually increased to preoperative levels by 1 year.

Complications. As the result of a number of complications,
approximately 70% of MP silicone implants survive 10 years
before revision is necessary.40,80,123 However, some postoper-
ative complications affect outcomes but do not necessitate
additional surgery. Delayed wound healing is a short-term
complication that may have an adverse effect on re-establishing
adequate MP flexion for functional grasp.134

As with the wrist, the most common long-term complica-
tion after silicone implant arthroplasty is breakage of the 
implant,32,49,123 whereas subluxation or dislocation, mechanical

loosening, and implant fracture are common reasons for fail-
ure of the two-component metal-plastic and pyrocarbon 
designs.32,40,123 It is believed that these long-term complications
can be minimized if the patient adheres to joint protection
principles by consistently avoiding heavy loads, high-impact
activities and deforming forces on the reconstructed joints.

Proximal Interphalangeal Implant
Arthroplasty
There are a number of joint and soft tissue procedures for
managing arthritis and associated deformities of the PIP
joints. They include soft tissue release and reconstruction for
swan-neck and boutonnière deformities32,134 and implant
arthroplasty or arthrodesis when there is significant destruc-
tion of the articular surfaces.1,136 PIP arthroplasty is used
more frequently for late-stage OA or posttraumatic arthritis
than for RA but may or may not be preferable to arthrodesis
to improve functional use of the hand.

In the ulnar digits, where mobility of the PIP joints is par-
ticularly important for functional grasp, arthroplasty may be
the procedure of choice.136 However, in the index finger,
where stability of the PIP joint is a necessity for many func-
tional tasks, arthrodesis is often preferable.4,73,128,145 If the MP
and PIP joints are involved, as is often the case in patients with
RA, the MP joint is usually replaced, but the PIP joint defor-
mity (usually a swan-neck deformity) is corrected by soft
tissue reconstruction or fusion.4,59

Indications for Surgery
In general, PIP implant arthroplasty is indicated for patients
with isolated PIP involvement, particularly those who are free
of MP joint disease. Implant arthroplasty of contiguous joints
(both the MP and PIP joints) is not recommended.59 The
following are commonly accepted indications for PIP joint
arthroplasty.4,59,60 

■  PIP joint pain and destruction of the articular surfaces
(with or without joint subluxation) secondary to OA or
posttraumatic arthritis (less frequently indicated for RA)
when nonoperative management has been unsuccessful

■  Loss of hand function as the result of joint stiffness, defor-
mity, and decreased ROM that cannot be corrected with
soft tissue reconstruction and/or nonoperative treatment

■  Only occasionally for isolated boutonnière deformity or
swan-neck deformity if fusion is not a viable option

NOTE: Necessary prerequisites for PIP arthroplasty include ad-
equate bone stock, intact neurovascular system, and function-
ing flexor/extensor mechanisms.128 

Procedure

Implant Design, Materials, and Fixation
The type of arthroplasty of the PIP joint selected by the sur-
geon depends on the underlying pathology, the extent of
associated impairments and deformities, and the experience
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of the surgeon. The selection of PIP joint implants available
for use today for patients without RA include the silicone
elastomer one-piece flexible implant, such as the Swanson,
Neuflex, or SBI devices, and surface replacement implants,
including titanium-polyethylene (TI) and pyrocarbon
(PY).5,23,44,80,136 

The silicone implant, originally designed by Swanson
during the 1960s, remains in use today.5,44,71,136 A surface
replacement design affords greater joint mobility than the
one-piece silicone design but provides no inherent stability.
Therefore, when PIP arthroplasty is deemed appropriate 
for patients with RA, who typically have compromised joint
stability as the result of damage to periarticular soft tissues
secondary to chronic synovitis, a one-piece silicone implant
tends to be used to provide some stability to the joint. 
In contrast, surface replacement arthroplasty is used almost
exclusively in patients with OA or posttraumatic arthritis
because the collateral ligaments usually are intact or 
repairable.5,44,59,71

Operative Overview
A curved, longitudinal incision is made along the dorsal 
aspect of the PIP joint. Occasionally, a volar (palmar) or lat-
eral approach is used.23,59,80 With a dorsal approach, either a
central slip-sparing technique (which leaves the central tendon
intact) or a central slip-splitting technique (where the central
tendon is incised longitudinally) is used. The latter approach
is selected when there is significant joint deformity. Table 19.2
provides an overview of which soft tissues are released, 
repaired, and require protection during the postoperative
program and which structures remain intact during the 
operative procedure.4,5,16,59,60,80

CLINICAL TIP
Although published resources provide descriptions of the 
various surgical approaches, it is important to review the op-
erative report in a patient’s medical record to learn what type
of surgical approach was used and which soft tissue structures
were incised or released, repaired prior to closure, and will 
require protection during rehabilitation. 

Portions of the head of the proximal phalanx and the base
of the middle phalanx are resected. The intramedullary canals
of the proximal and middle phalanges are reamed and pre-
pared for the prosthetic implant(s), which is then inserted.

If necessary, the volar plate is released for a flexion con-
tracture, and the extensor tendon mechanism (if split during
the approach) is repaired followed by repair of the joint cap-
sule. The wound is closed and a supportive bulky compres-
sion dressing is applied holding the PIP joint in extension.

Postoperative Management

Immobilization
At approximately 3 to 5 days postoperatively the surgical
dressing is removed and a custom forearm-based dynamic
PIP extension orthosis is fabricated with the wrist in 15° of
extension and the MP joints in 20° of flexion. This daytime
orthosis allows for a passive PIP extension assist and active
PIP flexion. A static forearm-based night orthosis is also fab-
ricated with the wrist in 15° of extension, the MP joints in
slight flexion, and the IP joints in near full extension.4,5,59,80,116

The duration of immobilization varies with the type of
arthroplasty, whether extensor tendon or collateral ligament
reconstruction of the fingers was part of the procedure, and
the surgeon’s philosophy; however, it is generally accepted that
the dynamic orthosis is discontinued at around 4 weeks if the
patient demonstrates full PIP extension and buddy taping is
initiated during the day. The protective night orthosis may 
be continued for up to 3 months postoperatively for those 
patients having difficulty maintaining their extension and to
protect the repaired joints.5,59,60,80,116

Exercise Progression
The sequence of exercises after PIP arthroplasty emphasizes
early but protected motion of the operated and adjacent
joints. PIP exercises in the dynamic orthosis are initiated 3 to
5 days postoperatively with a limited arc of motion starting
with 0° to 30°. At 2 weeks, PIP joint motion is increased to 45°
if there is no extension lag. At 4 weeks, if the patient
demonstrates full active extension, the arc of flexion is in-
creased to 60°. By 6 weeks, a 0° to 75° arc of motion should
be achieved and gentle stretching is initiated. By 3 months,
the goal is 0° to 75° and activity as tolerated.5,80,116 
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TABLE 19.2 Comparison of Surgical Approaches for PIP Joint Arthroplasty

Type of Approach Structures Released, Repaired, and Protected Postoperatively Structures Left Intact

Dorsal approach—central 
slip-sparing technique

Dorsal approach—central 
slip-splitting technique

Collateral ligaments incised/repaired; Volar plate disrupted

Central tendon incised longitudinally and detached; delays
AROM after surgery 

Volar plate may or may not be disrupted

Central tendon/extensor
mechanism intact; allows
AROM immediately after
surgery

Collateral ligaments intact;
provides joint stability
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The goals of exercise during each of the following phases
of rehabilitation after PIP arthroplasty are similar to those 
already detailed in this chapter for rehabilitation after MP
arthroplasty. Only guidelines and precautions unique to PIP
arthroplasty or procedures for associated correction of spe-
cific soft tissue deformities of the PIP joints are addressed in
this section.

Exercise: Maximum and Moderate Protection
Phases
The primary goals of the maximum and moderate protection
phases of rehabilitation after PIP arthroplasty are to control
peripheral edema and restore functional mobility of the op-
erated joint(s) without compromising the repair or recon-
struction of soft tissues.

In most instances, the emphasis is to regain full or nearly
full active PIP extension while gradually increasing PIP flexion
by 10° to 15° per week.5,60,80,116

CLINICAL TIP
A balance of ROM exercises to regain flexion and extension
must occur. Regaining PIP flexion should not be at the expense
of attaining full or nearly full active PIP extension, so there is
little to no extensor lag.80

Goals and interventions. The following goals and inter-
ventions are recommended as general guidelines during the
first 6 to 8 weeks after surgery. Detailed protocols describing
use of orthoses and progression of exercises following dif-
ferent types of PIP arthroplasty are described in several 
resources:5,60,80,116,148

■  Maintain mobility of the wrist, MP, and DIP joints.
■ Immediately after surgery, initiate active ROM of all

joints not restricted by the bulky dressing.
■  Restore ROM of the operated joints.

■ Begin active PIP flexion in the dynamic orthosis 0° to
30° of each involved PIP joint for 2 weeks. At 2 weeks if
there is no extension lag, increase the motion to 45°. At
4 weeks, if the PIP joint has full active extension, the arc
of flexion is increased to 60°. By 6 weeks postoperatively,
the goal is to achieve 0° to 75° of active PIP joint
motion.5,60,80,116 Stabilize the MP and DIP joints in neu-
tral to direct motion to the PIP joint (promotes joint
mobility and tendon gliding).

■ If a boutonnière deformity was corrected (which requires
reconstruction of the extensor mechanism), follow the
guidelines and precautions described in Box 19.4.134 

■ If a swan-neck deformity was corrected, follow the guide-
lines and precautions noted in Box 19.5.59 A central, slip-
splitting approach is necessary for correcting a swan-neck
deformity to allow the tension on the extensor mecha-
nism to be adjusted and greater excursion of the PIP joint
into flexion.

PRECAUTION: During ROM exercises, it is essential to avoid
lateral and rotational stresses to the operated joints that could
compromise the integrity of the collateral ligaments and joint
stability.

Exercise: Minimum Protection/Return to Function
Phase
The primary goal of the minimum protection phase shifts
from restoration of functional ROM to improving strength
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BOX 19.4 Postoperative Guidelines 
and Precautions After Correction 
of a Boutonnière Deformity

Exercise
■ Maintain as much extension as possible of the PIP joint

through the use of an extension orthosis and exercise for 
3 to 6 weeks postoperatively. Remove the orthosis only for
exercise and wound care.

■ Initiate early DIP flexion exercises with the PIP joint
stabilized in extension to maintain the length of the oblique
retinacular ligament.

■ Begin active or assisted PIP flexion/extension exercises by
10 to 14 days or sooner postoperatively. Stabilize the MP
joint in neutral (on a book or at the edge of a table) during
PIP movements.

■ Emphasize PIP extension and DIP flexion during exercise.

Precautions
■ Avoid hyperextension of the DIP joint.
■ Because correction of a boutonnière deformity requires a

central slip-splitting approach and repair of the extensor
mechanism, avoid resisted exercises and stretching of the
extensor mechanism of the PIP joint for 6 to 8 weeks or as
long as 12 weeks postoperatively.

BOX 19.5 Postoperative Guidelines and
Precautions after Correction 
of a Swan-Neck Deformity

Exercise
■ Maintain the PIP joint(s) in 20° to 30° of flexion and the DIP

joint(s) in full extension with the use of a static digital
orthosis.59

■ Initiate active ROM exercises at the PIP and DIP joints
several days postoperatively.59

■ Perform DIP extension exercises with the PIP joint
stabilized in slight flexion.

■ Stabilize the DIP joint in neutral during PIP ROM exercises.
■ Emphasize PIP flexion and DIP extension.

Precautions
■ Limit PIP extension to 10° of flexion during exercise to

avoid excessive stretch to the volar aspect of the capsule.
■ Avoid extreme flexion of the DIP joint.
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in the hand and wrist and gradually incorporating safe but
progressive use of the hand into functional ADLs. This tran-
sition occurs around 6 to 8 weeks postoperatively. The status
of the soft tissue repairs, particularly the extensor tendons,
determines how early resisted exercises are initiated. For op-
timal results, rehabilitation may need to continue (through
adherence to a home program) for 3 to 6 months or longer
postoperatively.

As with MP arthroplasty, low-intensity strengthening exer-
cises can be performed with equipment specifically designed
for hand rehabilitation, such as exercise putty, or through
graded functional activities that involve resisted movements.
Principles of joint protection (see Box 19.2) are integrated into
daily living through patient education, with attention to con-
tinued avoidance of lateral stresses to the PIP joints.

Outcomes 
After PIP joint arthroplasty, an optimal result provides the
patient with a pain-free, mobile, but stable and well-aligned
joint for functional use of the hand.16,59,80,128 Pain relief is the
most consistent outcome after PIP arthroplasty. Although pa-
tients typically report improvement in use of the hand for
functional activities, improvements in ROM and grip strength
tend to be marginal at best.49,148

Successful outcomes are dependent on proper balancing
and repair of the collateral ligaments, adequate soft tissue cov-
erage, and lack of infection following surgery. Outcomes usu-
ally are better in patients with OA than in those with
posttraumatic arthritis or RA and in fingers without preop-
erative deformity,128 but there is no conclusive evidence that
one surgical approach or type of current-day arthroplasty is
superior to another.49

Optimal ROM for functional use of the hand after arthro-
plasty of the PIP joint is 45° to 70° of active flexion and full
or almost full active extension (no extensor lag). However,
postoperative ROM reported in most studies is substantially
less than optimal.5

If the extensor tendon mechanism is intact and a central
slip-sparing approach is used, which allows early initiation
of mobility exercises, approximately 10° more PIP flexion
can be expected than if a central slip-splitting approach is
used or repair of extensor tendons is required. If a swan-
neck deformity was corrected, a slight (up to 10°) flexion
contracture at the PIP joint is acceptable to protect the volar
aspect of the joint capsule and possibly avoid recurrence of
the deformity.

Complications. The potential complications that can arise
following PIP arthroplasty are similar to those associated
with MP arthroplasty. Sclerosis around the implant and even-
tual implant loosening or breakage are long-term complica-
tions seen with one-piece silicone implant arthroplasty;
however, silicone synovitis is rare.49,123 Joint instability, 
subluxation, and dislocation are complications seen with the
two-component metal-plastic or pyrocarbon surface replace-
ments because these designs have no inherent stability. Loos-
ening is a long-term complication that may occur regardless

of whether cemented or noncemented fixation was used. A
unique complication reported only in pyrocarbon designs is
an audible squeaking of the implant during joint motion.49,123

Patients must continue to avoid forceful grasping and
high-impact activities and must practice principles of joint
protection for a lifetime to prevent common long-term com-
plications, such as fracture of the implant.60

Carpometacarpal Arthroplasty 
of the Thumb
The CMC joint of the thumb, also called the trapeziometacarpal
or basal joint, is one of the most common sites for arthritis in
the body. The constant multiplanar forces to which this joint is
subjected to over the course of daily activities, work, and recre-
ation can lead to arthritis in one of every three women and one
of every eight men.12,14,19 Pain is the primary reason for patients
seeking treatment. Patients with CMC arthritis often describe a
constant ache that becomes sharp in nature with activities such
as gripping, pinching, or twisting motions. Difficulty and pain
with writing is a common complaint. Additional difficulties with
participation or activity limitations are specific to an individual’s
work or recreational pursuits.14,43 

Indications for Surgery
The following are common indications for CMC arthroplasty
of the thumb:12,14,19,110,132

■  Failure of conservative care including activity modification,
hand therapy, orthosis support, anti-inflammatory med-
ication, and intra-articular corticosteroid injections.

■  Ongoing disabling pain at the base of the thumb, specifi-
cally the CMC joint, as the result of OA, posttraumatic
arthritis, or RA. However, most CMC arthroplasties are
performed for degenerative joint diseases and less often for
synovium-based diseases.

■  Dorsal-radial instability (subluxation or dislocation) of the
first metacarpal on the trapezium, leading to a hyperexten-
sion deformity at the MP joint of the thumb.

■  Stiffness and limited ROM (often an adduction contrac-
ture) of the thumb.

■  Decreased pinch and grip strength because of CMC pain
or subluxation.

■  Arthrodesis of the CMC joint is inappropriate.

Procedures

Background and Surgical Options
There are a myriad of surgical options from which to choose.
The type of procedure selected depends on the degree of liga-
ment laxity, the extent of destruction of the articular surfaces,
the underlying pathology, the expected demands that will be
placed on the hands postoperatively, and most frequently 
the surgeons’ background and training during residency or 
fellowship.11,12,14,41,70 Badia11 described a classification and
treatment system based on arthroscopic findings to assist sur-
geons in determining the most appropriate course of treatment

CHAPTER 19 The Wrist and Hand 679

5850_Ch19_657-713  18/08/17  9:45 AM  Page 679



relative to the stage of arthritis. He defines arthroscopic stage
I osteoarthritis as synovitis with intact articular cartilage, and
the treatment of choice would by synovectomy. He defines
arthroscopic stage II as loss of articular cartilage on the ulnar
third of the thumb metacarpal and the central third of the
trapezium with disruption of the dorsal radial ligament and
attenuation of the anterior oblique ligament. For these 
patients, he recommends synovectomy, removal of loose bod-
ies and arthroscopic thermal shrinkage (capsulorraphy),
and metacarpal extension osteotomy when necessary. He 
defines arthroscopy stage III as loss of articular cartilage on the
trapezium and metacarpal, for which he recommends hemi-
trapeziectomy with interposition arthroplasty.11,110 Arthrodesis,
rather than arthroplasty, is an option for patients who use the
hand for high-demand occupational activities. However, for
the patient whose activities place less stress on the hand, there
are a number of soft tissue and bony procedures that relieve
pain and restore joint stability but preserve functional mobility
at the base of the thumb.12,19,41,70,104 Retaining some CMC joint
mobility is particularly important for the patient with RA, who
typically has loss of mobility of other joints of the hand and
wrist.138

Currently there are eight commonly used surgical proce-
dures to treat CMC OA that have been presented in the liter-
ature: (1) volar ligament reconstruction, (2) metacarpal
osteotomy, (3) CMC arthrodesis, (4) total joint replacement,
(5) trapeziectomy, (6) trapeziectomy with tendon interposi-
tion, (7) trapeziectomy with ligament reconstruction, and 
(8) trapeziectomy with ligament reconstruction and tendon
interposition (LRTI).12,14,143 Among these procedures, liga-
ment reconstruction alone is used when there is pain and 
instability but little to no loss of articular cartilage.41 Trapezial
resection with tendon interposition is by far the most widely
used approach to treatment when there is joint subluxation
and loss of the joint space due to deterioration of articular
cartilage.14,19,22,59,70,110,132,138,143 Trapezial resection, combined
with ligament reconstruction but without tendon interposi-
tion, also has been shown to be an effective surgical approach
to treatment.19,22,110,143 

Surface replacement arthroplasty is an alternative to
trapezial resection/tendon interposition arthroplasty for a 
select few patients with CMC OA. Surface replacement
arthroplasty involves either resurfacing one articular surface
or replacing the surfaces of the trapezium and metacarpal
(also known as a total joint surface replacement) with a two-
component, saddle-shaped rigid implant that is cemented in
place.14,41,70,144 A patient must have good quality bone stock
to be a candidate for surface replacement arthroplasty. In
the past decade, total joint arthroplasty using a semicon-
strained cemented implant that allows freedom of motion
while providing good stability has gained popularity. The
main advantage of using a total joint arthroplasty is that if
the implant fails or the patient is symptomatic, the implant
can be removed and the trapezium resected, allowing for
the standard LRTI procedure to be performed. However, the
current indications for a total joint arthroplasty is for older

women with limited hand use due to reports of heterotopic
ossification and implant loosening.12,14 On the other hand,
preliminary studies of the newer implants are showing
promise by allowing for a minimally invasive procedure
with minimal bone resection and providing sufficient sta-
bility while allowing for biologic ingrowth at the new joint
location.12,69,143,144

Operative Overview
LRTI arthroplasty. For an LRTI, a dorsal incision is made
at the base of the thumb, with careful attention paid to 
protecting the branches of the superficial radial nerve. The
trapezium is resected (trapeziectomy), the EPB tendon is 
reflected, and a hole is created in the base of the metacarpal
perpendicular to the nail plate. A portion of the FCR tendon
is harvested through a proximal transverse incision. The ten-
don is passed through the base of the metacarpal and between
the thumb and index metacarpal. The remainder of the ten-
don is rolled into a ball and inserted into the trapezial space.
The capsule is repaired, being sure to include the tendon 
reconstruction in the repair. Before wound closure, the MP
joint is evaluated as indicated and treated with a capsulodesis
or arthrodesis, along with possible transfer of the EBP tendon
to the first metacarpal base. The capsule and adjacent soft 
tissues are then repaired, and the wound is subsequently
closed.8,12,14,16,22,59,70 

Surface replacement arthroplasty. For a partial trapeziec-
tomy with interposition of a biologic implant, a dorsal approach
is used. Approximately 2 mm of the distal trapezial articular 
surface is removed, and a shallow trough is made in the dorsal
surfaces of the metacarpal base and the trapezium. The trough
allows for the implant to lie flush to the bone. The implant is
inserted into the space and secured to the bone. The capsule is
closed over the implant, and the wound is closed.14,110,144 With
a two-component design, after the capsule has been split longi-
tudinally, the distal portion of the trapezium and the base of 
the first metacarpal are resected. The trapezium and the 
intramedullary canal of the metacarpal are prepared, and
the prosthetic components are inserted and cemented in
place. The capsule is repaired, and as with soft tissue inter-
position arthroplasty, the abductor pollicis longus may be
advanced to enhance joint stability. Joint stability and ROM
are assessed prior to closure and application of a bulky com-
pression dressing.

Postoperative Management
The overall goal of rehabilitation following CMC arthroplasty
is to attain sufficient pain-free mobility of the thumb for
functional activities while maintaining joint stability for
strong pinch and grasp. It may take up to a year after surgery
for a patient to achieve optimal results.

Immobilization
With all procedures, the thumb and hand are immobilized
postoperatively in a bulky compression dressing and elevated
for several days to a week to control edema.
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After the postoperative dressing is removed, the hand is
placed in a static, forearm-based thumb spica cast for the first
4 to 6 weeks. The cast is later replaced with a custom remov-
able orthosis, with the CMC joint immobilized in palmar 
abduction (40° to 60°), the MP joint in slight flexion, and the
wrist in neutral to slight extension.8,14,19,43,70 The IP joint of
the thumb and the fingers are left free.

The length of time the CMC joint is continuously immo-
bilized depends on the surgery. The time frame varies from
just 1 to 2 weeks after total surface replacement arthroplasty43

to 3 to 5 weeks after ligament reconstruction/tendon inter-
position arthroplasty or resurfacing arthroplasty with pros-
thetic implants.19,41,43,59,104

After surgery, when ROM exercises are permitted, the 
orthosis is removed during the day for frequent exercise 
sessions. From 8 to 12 weeks, as the patient uses the hand for
functional activities, the use of a daytime orthosis is gradually
discontinued. Use of a night orthosis to stabilize the thumb
continues for 8 to 12 weeks or until the joint is stable and 
essentially pain free.19 

Exercise Progression
Progression of exercises varies with the type of arthro-
plasty. Guidelines presented in this section are for ligament
reconstruction/tendon interposition arthroplasty, still the most
common form of CMC arthroplasty. Management guidelines
unique to total surface replacement arthroplasty also are
noted. Precautions after CMC arthroplasty are summarized
in Box 19.6.8,14,19 

Exercise: Maximum Protection Phase
The focus of the first 6 weeks of rehabilitation is to control pain
and edema, maintain ROM in nonimmobilized joints, and ini-
tiate protected motion of the CMC joint when it is permissible
to remove the thumb spica orthosis for exercise.8,14,19,70

Goals and interventions. The following are suggested
goals and exercise interventions for the first 6 weeks after
surgery:

■  Maintain mobility of the fingers and IP joint of the
thumb.
■ During the period of continuous immobilization of the

wrist and CMC and MP joints of the thumb, have the
patient perform active ROM of the fingers, IP joint of
the thumb, elbow, and shoulder.

■  Initiate protected mobility of the thumb and wrist.
■ When permissible, begin active ROM of the wrist and

controlled ROM of the thumb within protected ranges.
■ After tendon interposition arthroplasty, protected ROM

is not initiated until about 4 to 6 weeks after surgery to
allow time for the reconstructed soft tissues to ade-
quately heal .8,41,43,70,110,138,147

■ After total surface replacement arthroplasty, ROM may
be initiated at about 1 week postoperatively because 
of the inherent stability of the cemented implants.41

When it is permissible to remove the orthosis for 
exercise, begin active wrist ROM in all directions and
CMC ROM with active radial and palmar abduction,
opposition, and circumduction. Also include active MP
flexion and extension, being certain to stabilize the
CMC joint.

Exercise: Moderate and Minimum Protection
Phases
While continuing to regain ROM, the focus of rehabilitation
during the intermediate and final phases of rehabilitation
gradually shifts to developing grip and pinch strength for
functional tasks.

Goals and interventions. Consider the following goals and
interventions:

■  Re-establish functional mobility of the hand and wrist.
■ Continue active ROM exercises, gradually increasing the

range.
■ At about 8 weeks, begin gentle self-stretching exercises. 

■  Regain strength and functional use of the hand and
wrist.8,19,43,138,147

■ At about 8 weeks postoperatively, initiate isometric exer-
cises against light resistance, emphasizing palmar abduc-
tion, radial abduction, opposition, and circumduction. 

■ If the CMC joint is stable and pain free, progress to 
dynamic resistance exercises to regain pinch and grip
strength.

■ Between 8 and 12 weeks, remove the orthosis when
using the hand for light ADLs, such as buttoning and
unbuttoning.

■ Incorporate principles of joint protection during
strengthening exercises and ADLs.

■ Continue to increase use of the hand for light to mod-
erate ADLs over the next 4 to 6 weeks. A patient typically
can return to light-duty work by 3 to 4 months and can
resume most functional activities by 4 to 6 months.
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BOX 19.6 Precautions After CMC Arthroplasty
of the Thumb

■ Initially refrain from full CMC radial adduction (sliding the
thumb across the palm to the base of the fifth finger) as
this motion places excessive stress on the dorsal aspect of
the capsule and ligament reconstruction. Be certain it is
possible to oppose the thumb to each fingertip before
attempting to touch the base of the fifth finger.

■ When stretching to increase CMC palmar abduction, apply
the stretch force to the metacarpal, not the first phalanx, to
avoid hyperextension or compromising stability of the MP
joint. Follow the same precaution during light resistance
exercises.

■ Avoid forceful pinch and grasp for at least 3 months after
surgery.

■ Modify ADLs to limit heavy lifting. If occasionally heavy
lifting is necessary, advise the patient to wear a protective
orthosis.
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Outcomes 
Most of the studies reported in the literature have investigated
outcomes of trapezial resection/tendon interposition arthro-
plasty with limited evidence reported on the results of surface
replacement arthroplasty. Based on data from a variety of in-
struments that measure pain, ROM, hand function, patient
satisfaction, and quality of life, pain-free ROM of the basal
joint of the thumb and improved hand function, measured by
patient’s dexterity, pinch, and grasp, are considered successful
overall outcomes following CMC arthroplasty.12,14,19,41,69 The
time required to achieve maximum benefit from the surgery
is typically 6 to 12 months.14

Among the procedures available, trapezial resection/
tendon interposition arthroplasty with or without ligament
reconstruction yields the most predictable and successful
outcomes.14,41,70 In a review of tendon interposition arthro-
plasty, outcomes appear better when the procedure includes
reconstruction of ligaments, possibly because the CMC joint
is more stable with reconstruction.41

Pain relief and patient satisfaction. Regardless of the type
of CMC arthroplasty, the most consistent and predictable
benefit of these procedures is relief of pain.12,14,19,41,59, ,77,143

For example, in a review of outcomes of a number of studies
for patients with OA who had undergone tendon interposi-
tion arthroplasty with or without ligament reconstruction,
94% of patients reported long-term relief of pain.132 Although
tendon interposition is designed to resurface the deteriorated
joint to make motion more comfortable, in a prospective, ran-
domized study of patients with OA, investigators compared
the results of trapezial resection and ligament reconstruction
with and without the use of tendon interposition. They found
that at a mean of 48 months after surgery, both groups had
equally satisfactory pain relief.77

A patient’s quality of life also improves after CMC arthro-
plasty. In a follow-up study of 103 patients with OA who had
primary tendon interposition arthroplasty, participants com-
pleted several standardized self-assessment questionnaires at
a mean of 6.2 years after surgery.7 In an overall rating, 79 of
103 reported their quality of life had improved greatly, and
an additional 15 reported slight improvement.

ROM and hand function. Active ROM of the thumb, partic-
ularly opposition, and dexterity usually improve after CMC
arthroplasty. Increased radial and palmar abduction widen 
the web space, making it easier to open the hand to grasp large
objects. However, the results of some studies of ligament recon-
struction/tendon interposition arthroplasty indicate that pre-
operative and postoperative ROM is essentially unchanged.
Although evidence is limited, surface replacement arthroplasty
is thought to produce greater improvement in ROM compared
with soft tissue procedures, especially in the short term.41,69,143,144

However, results of a recent study of total surface replacement
arthroplasty (two-component, metal-plastic design) demon-
strated that although significant pain relief and improvement
of bilateral hand function occurred in some tests, there was no
significant improvement in range of opposition or grip and
pinch strength at a mean follow-up of 3 years after surgery.69,142

In contrast, other studies that follow patients for several
years after surgery indicate that measurements of pinch and
grip strength as well as performance of functional tasks im-
prove significantly.41 The most successful long-term func-
tional outcomes have been reported for patients who use the
hand primarily for low-demand activities.12,14,69 

Complications. Complications vary with the type of CMC
arthroplasty. Overall, the rate of complications is low, with
inadequate pain relief and recurrence of joint instability the
most common complications that necessitate revision arthro-
plasty. In a retrospective study of 606 primary tendon inter-
position-ligament reconstruction arthroplasties performed
over a 16-year period, only 3.8% were known to have required
a revision procedure for mechanically based pain.42 Neuro-
pathic pain also can develop after CMC arthroplasty. The pain
may be caused by damage to or impingement of the radial
nerve (radial sensory neuritis), carpal tunnel syndrome, or
complex regional pain syndrome.14

For arthroplasties that include implantation of prosthetic
components, loosening and dislocation are the most common
complications. Overall, implant loosening is more likely to
occur with uncemented fixation but has been reported to
occur in cemented procedures as well.69,142

Tendon Rupture Associated With RA:
Surgical and Postoperative
Management
Background and Indications for Surgery
Tendon ruptures in the hand are common in patients with
chronic tenosynovitis associated with RA. The site of the rup-
ture may be in the wrist or the hand. When a tendon ruptures,
there is a sudden loss of active control of one or more of the
digits. Rupture of a single or multiple tendons is usually pain-
less and occurs during unremarkable use of the hand.16,59,61,124

Such ruptures are evidence of severely diseased tendons.
The extensor tendons are affected far more frequently than

the flexor tendons. In order of frequency, extensor tendons
that most often rupture are the common extensor tendons to
the small and ring fingers and the extensor pollicis longus
(EPL). The most common flexor tendon to rupture is the
flexor pollicis longus (FPL).2,59,61,81,124,125

The causes of rupture include infiltration of proliferative
synovium in the tendon sheaths and into tendons, which sub-
sequently weakens the affected tendon; abrasion and fraying
of a tendon as it moves over a bony prominence roughened
or eroded by synovitis; periodic use of local steroid injections
over time; or ischemic necrosis caused by direct pressure from
hypertrophic synovium, particularly at the dorsal retinacu-
lum, that compromises blood supply to a tendon. Common
sites of abrasion that affect the extensors are the distal ulna,
Lister’s (Radial) tubercle, and the volar aspect of the scaphoid
where it contacts the flexor tendons.2,59,61,81,124,125

The indication for surgery is loss of function of the hand.
Rupture of a single tendon, such as the extensor digiti minimi,
may not impair a patient’s function, whereas rupture of multiple
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tendons simultaneously or over a period of time may cause 
significant limitations of function and disability.

Procedures
The surgical procedures available for treatment of tendon
ruptures in RA vary depending on which tendon(s) has rup-
tured, the number of ruptured tendons, the location of the
rupture, the condition of the tendon at the site of rupture,
and the quality of the remaining intact tendons of the hand.
Options include:16,38,59,81,124

■  Tendon transfer. A tendon is removed from its normal dis-
tal attachment and attached at another site. For example,
the extensor indicis (EI) can be transferred if the EPL has
ruptured. A flexor tendon can also be transferred to the
dorsal surface of the hand to act as an extensor if multiple
extensor tendons have ruptured.38,59,81,124,125

■  Tendon graft reconstruction. A portion of another tendon
that acts as a “bridge” is inserted between and sutured to the
two ends of the ruptured tendon. The palmaris longus ten-
don is often selected as the donor tendon. A wrist extensor
tendon may be selected if a wrist arthrodesis is performed
at the time of the tendon reconstruction.38,59,81

■  Tendon anastomosis (side-to-side tenorrhaphy). The rup-
tured tendon is sutured to an adjacent intact tendon. This
is a common option at the wrist for the finger extensor
tendons.81,124,125

■  Direct end-to-end repair. The two ends of the ruptured
tendon are re-opposed and sutured together. This option
is used only occasionally because the ends of the ruptured
tendons in patients with RA are usually frayed. Therefore,
a considerable portion of the frayed tendon(s) must be 
resected, which shortens the tendon, making it difficult to
suture end to end.59,124

Concomitant procedures in the rheumatoid hand include
tenosynovectomy, removal of osteophytes from bony promi-
nences, and ligament reconstruction or arthrodesis for insta-
bility. If late-stage MP joint disease also is present and passive
extension of the MP joints is significantly limited, arthroplasty
of the involved joints may be indicated as well, either simulta-
neously with the tendon procedure or during two separate 
operations as determined by the surgeon. Without adequate
joint mobility, the transferred or reconstructed extensor 
tendons become adherent, resulting in a poor outcome.124,125

Postoperative Management
The guidelines described in this section apply only to manage-
ment of tendon transfer, reconstruction, or repair of extensor
tendons in the rheumatoid hand. As mentioned previously,
rupture of extensor tendons occurs far more frequently than
flexor tendon rupture. As with postoperative management for
other surgeries described in this chapter, pain and edema con-
trol and exercises for the uninvolved joints are always essential
components of rehabilitation.

Tendon transfers and reconstruction are delicate proce-
dures requiring ongoing communication between the thera-
pist and surgeon and active involvement of the patient in the

postoperative program. The goal of any tendon transfer is to
redistribute power in the hand in order to improve function.
Communication with the patient and establishing realistic
goals and expectations is important, as the tendon transfer
does not return normal joint motion but rather improves cur-
rent function. Therefore, patient education is woven into
every phase of rehabilitation.81

Immobilization
A bulky compression dressing is applied to the hand and wrist
at the close of extensor tendon surgery to control edema. The
surgical compression dressing is removed after several days, and
the wrist and hand are then immobilized in a forearm-based
volar resting orthosis, which holds the wrist in 30° to 40° ex-
tension and the MP joints in 10° to 20° of flexion with the IP
joints free to minimize any possible tension on the transfer.81,125

For example, after side-to-side finger extensor transfer or
extensor tendon reconstruction, the wrist and all fingers are
immobilized in extension in the orthosis, but the thumb is
free to move. After reconstruction of a ruptured EPL tendon
or transfer of the EI tendon to restore thumb extension, the
wrist is immobilized in extension, the thumb in palmar ab-
duction, and the MP and IP joints in neutral to slight exten-
sion with the fingers free to move.81

Continuous immobilization of the wrist and digits is
maintained for approximately 3 to 4 weeks to protect the heal-
ing tendons.59,81,124,125 Use of a daytime orthosis is discontin-
ued at about 12 weeks; however, use of a night orthosis
typically continues for 6 months or longer.

CLINICAL TIP
Use of dynamic orthosis and early mobilization (a few days
after surgery) is not typically recommended for tendon 
reconstruction or transfers in the rheumatoid hand. Tissue
healing is slower and the risk of re-rupture higher postoper-
atively for patients with long-standing, systemic disease (who
likely have been treated periodically with corticosteroids) than
in otherwise healthy patients who have sustained an acute 
laceration or rupture of a tendon in the hand.59,124,125

Exercise Progression
During each phase of postoperative rehabilitation after exten-
sor tendon transfer or reconstruction, exercises are progressed
very slowly and very gradually. Precautions during exercise
and functional use of the hand are summarized in Box 19.7.

Exercise: Maximum Protection Phase
During the first 6 weeks after surgery, the priorities of reha-
bilitation are edema control and protection of the transferred
or reconstructed tendon(s), followed by carefully controlled
mobility of the operated areas to prevent adherence of healing
tissues. It is usually permissible to remove the protective or-
thosis for exercise at around 3 to 4 weeks. If tendon quality is
poor and the security of the sutured tissues is in question, 
exercise may be delayed until about 6 weeks postoperatively.81
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Goals and interventions. The goals and intervention during
the first phase of rehabilitation include the following:61,81

■  Maintain mobility of the elbow and forearm, uninvolved
digits, and other uninvolved joints.
■ While the operated hand is immobilized, perform active

ROM of all necessary joints.
■  Re-establish mobility and control of the repaired or trans-

ferred extensor muscle-tendon units.
■ When the orthosis may be removed for exercise, initiate

active wrist motions with the fingers relaxed.
■ Begin assisted MP extension of each of the fingers or

thumb with the wrist and IP joints of each digit stabi-
lized in neutral.

■ Perform place and hold exercises by passively positioning
the operated MP joint first in a neutral and later in a
slightly extended position. Have the patient briefly hold
the position. This emphasizes end-range extension to
prevent an extensor lag.

■ Progress to active MP extension with the wrist in neu-
tral, initially from slight MP flexion with the palm of
the hand on a table and the fingers relaxed over the
edge.

CLINICAL TIP
To help a patient learn the new action of a transferred ten-
don, initially have the patient focus on the original action
(function) of the muscle-tendon unit. For example, if the EI
was transferred to replace the action of the EPL of the thumb,
have the patient think about extending the index finger when
trying to actively extend the thumb. Use biofeedback or func-
tional electrical stimulation (FES) to assist with the motor
learning.81

■  Regain active flexion of the digits.
■ Initiate MP flexion of the fingers by having the patient

relax the ED after active extension rather than actively
flexing the fingers.

■ Progress to active MP flexion within a protected range
with the wrist and PIP joints stabilized in neutral. With
the wrist and MP joints stabilized in extension, actively
flex (hook fist/intrinsic minus position) and extend
(straight hand position) the PIP joints. Performing PIP
flexion while in wrist and MP extension prevents stiff-
ness of the IP joints without placing a stretch on the 
repaired ED tendon(s). It is important to attain full fist
closure with the wrist in extension in the first 4 weeks
because an inability to achieve a full fist, particularly 
of the ring and small fingers, indicates a functional 
restriction as opposed to a slight extensor lag.124

Exercise: Moderate and Minimum Protection Phases
By 6 to 8 weeks postoperatively, the transferred or reconstructed
tendon can withstand greater stresses. Use of the hand for light
functional activities usually begins at this time. At about 8 weeks,
use of a daytime orthosis is gradually decreased and typically
discontinued by 12 weeks postoperatively; however, use of an
orthosis at night may continue for up to 6 months depending
on the function of the transfer.81

Goals and interventions. Consider the following goals and
interventions to progress the rehabilitation program:

■  Continue to increase active mobility of the operated digits.
■ Add gentle passive stretching to increase MP extension

or flexion if one or both motions are restricted.
■ Continue active MP extension exercises to prevent an 

extensor lag. If MP extension to neutral is possible (no
extensor lag), perform active MP extension with the
palm of the hand on a flat surface, and extend each 
finger beyond neutral.

■ With the wrist in neutral or slight extension, gradually
increase MP flexion by touching each fingertip to the
palm of the hand (first straight and then full-fist posi-
tions) or the thumb to each fingertip and gradually to
the base of the fifth finger. 

■  Regain strength, control, and functional use of the hand.
■ Incorporate active movements of the digits into manual

dexterity and coordination activities that simulate func-
tional activities. Remove the orthosis for functional ac-
tivities that involve light grasp, such as picking up or
holding light objects or folding clothing.

■ Around 8 to 12 weeks add isometric and dynamic, sub-
maximal resistance exercises to improve functional
strength and endurance of the hand.

■ Through ongoing patient education, reinforce principles
of joint protection during functional use of the hand.

Outcomes 
The results of surgical intervention and postoperative man-
agement of ruptured tendons in the hands of patients with
RA is highly dependent on the extent of involvement in the
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BOX 19.7 Precautions After Extensor Tendon
Transfers or Reconstruction in the
Rheumatoid Hand

■ During the early phase of rehabilitation, do not initiate MP
extension from full, available MP flexion to avoid excessive
stretch on the operated tendon(s).

■ Postpone stretching to increase MP flexion if there is a
deficit in active extension.

■ Avoid activities or hand postures that combine finger
flexion or thumb radial abduction and radial adduction 
with wrist flexion, as this places extreme stress on the
reconstructed or transferred extensor tendons. If a patient
must use the hands for transfer activities, avoid weight
bearing on the dorsum of the hand.

■ Avoid vigorous gripping activities that could potentially
overstretch or rupture the reconstructed or transferred
extensor tendon(s).
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joints and soft tissues of the hand and wrist preoperatively. 
It is often difficult to differentiate postoperative functional
improvement strictly as the result of a tendon transfer or 
reconstruction from procedures performed concurrently,
such as joint arthroplasty or arthrodesis.

Barring complications, the most common of which is 
tendon re-rupture, a few generalizations can be made.59,61 

Patients with a recent rupture of a single tendon, who have
full passive ROM of the affected joint, realize an optimal post-
operative outcome: full functional grasp and no extensor 
lag in the involved digit. The greater the number of tendon
ruptures or associated impairments, such as joint contrac-
tures, fixed deformities, or joint instabilities, the more com-
plicated the surgical treatment and the poorer the results.59

Repetitive Trauma
Syndromes/Overuse
Syndromes

Disorders from cumulative or repetitive trauma in the wrist and
hand lead to significant loss of hand function and lost work
time.58 The causes are related to repeated movements over 
an extended period of time. The resulting inflammation can 
affect muscles, tendons, synovial sheaths, and nerves. Diagnoses
include carpal tunnel syndrome, trigger finger, de Quervain’s
disease, and tendinopathy (tendonitis/tenosynovitis). Manage-
ment of carpal tunnel syndrome and nerve compression in the
tunnel of Guyon is described in Chapter 13.

Tendinopathy
Etiology of Symptoms
Pathological breakdown of the tendon structure results from
continued or repetitive use of the involved muscle beyond its
ability to adapt, the effects of RA, a stress overload to the con-
tracting muscle (such as strongly gripping the steering wheel
during a motor vehicle accident), or roughening of the surface
of the tendon or its sheath.45,58,117,149

Common Impairments of Structure 
and Function
■  Pain whenever the related muscle contracts or whenever

there is movement that causes gliding of the tendon through
the sheath.

■  Warmth and tenderness with palpation in the region of 
inflammation.

■  In RA, synovial proliferation and swelling in affected ten-
don sheaths, such as over the dorsum of the wrist or in the
flexor tendons in the carpal tunnel.

■  Frequently, an imbalance in muscle length and strength or
poor endurance in the stabilizing muscles. The fault may
be more proximal in the elbow or shoulder girdle, causing
excessive load and substitute motions at the distal end of
the chain.

Common Activity Limitations and Participation
Restrictions
A common limitation of tendinopathy is the inability to per-
form repetitive or sustained work, recreational, or leisure
gripping activities or hand motions that require contraction
of the involved musculotendinous unit due to pain that wors-
ens with the provoking activity.57

Management: Protection Phase
Follow the guidelines for acute lesions described in Chapter
10, with special emphasis on education, relieving the stress in
the involved musculotendinous unit, and maintaining a
healthy environment for healing with nondestructive forces.

■  Patient education. Inform the patient how the mechanism
of injury and repetitive activity is provoking the symptoms.
Explain the necessity to modify the activity to allow heal-
ing. Engage the patient in the rehabilitation program.

■  Rest the part. Rest the involved joints and involved tendon
with the use of an orthosis.78

■   Tendon mobility. If the tendon is in a sheath, apply transverse
friction massage while the tendon is in an elongated position,
so mobility develops between the tendon and sheath.78

■ Teach the patient gentle stretching and tendon-gliding 
exercises to improve mobility and prevent adhesions.
(These are described in the exercise section of this
chapter.)

■  Muscle integrity. Teach the patient how to perform multi-
angle muscle setting isometrics in pain-free positions fol-
lowed by pain-free ROM.

Management: Controlled Motion and Return
to Function Phases
■  Exercise progression. Progress to dynamic exercises, adding

resistance within the tolerance of the healing musculo-
tendinous structure. 

■  Biomechanical assessment. Assess the biomechanics of the
functional activity provoking the symptoms and design a
program to regain a balance in the length, strength, and en-
durance of the muscles. Frequently, problems arise in the
wrist and hand because of poor stabilization or endurance
in the shoulder or elbow.

■  Prevention. Continue to emphasize the importance of
self-monitoring the symptoms, maintaining a safe exercise
program, and unloading the wrist/hand when symptoms
occur.45

 FOCUS ON EVIDENCE
Backstrom10 reported a case study of a patient diagnosed
with de Quervain’s disease of 2 months’ duration in which
MWM was used in addition to physical agents, exercise, and
transverse friction massage. Pain was markedly reduced from
6/10 to 3/10 (50%) by the third intervention, and by the com-
pletion of 12 sessions, it was 0 to 1/10. The author proposed
that the subtle malalignment in the wrist joints associated
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with the overuse syndrome perpetuated the symptoms and
that the MWM helped restore normal arthrokinematics. The
MWM techniques used included active movements of the
thumb and wrist while a passive radial glide of the proximal
row of carpals was applied (similar to Fig. 19.7). The princi-
ples of MWM are described in Chapter 5.

Traumatic Lesions of the
Wrist and Hand

Simple Sprain: Nonoperative
Management
After trauma from a blow or a fall, an excessive stretch force
may strain the supporting ligamentous tissue. There may be
a related fracture, subluxation, or dislocation.

Common Impairments of Structure 
■  Pain at the involved site whenever a stretch force is placed

on the ligament
■  Possible hypermobility or instability in the related joint if

supporting ligaments are torn

Common Impairments of Function, Activity
Limitations, and Participation Restrictions
■  With a simple sprain, pain may interfere with functional

use of the hand for a couple of weeks whenever the joint is
stressed. Consider the use of an orthosis or tape to protect
the ligament without a limitation of function provided the
orthosis does not interfere with the task.

■  With significant tears, there is instability, and the joint may
sublux or dislocate with provoking activities, requiring 
surgical intervention.

Management
Follow the guidelines in Chapter 10 for treating acute lesions
with emphasis on maintaining mobility while minimizing
stress to the healing tissue. If immobilization is necessary to
protect the part, only the involved joint should be immobi-
lized. Joints above and below should be free to move. This
maintains mobility of the long tendons in their sheaths that
cross the involved joint. Avoid positions of stress and activities
that provoke the symptoms while healing. 

Lacerated Flexor Tendons of the Hand:
Surgical and Postoperative
Management
Background and Indications for Surgery
Lacerations of flexor tendons can occur in various areas
(zones) along the volar surface of the fingers, palm, wrist, and
distal forearm and cause an immediate loss of hand function,
consistent with the tendons severed. The musculotendinous
structures damaged depend on the location and depth of the

wound. Damage to one or more tendons may be accompa-
nied by vascular, nerve, and skeletal injuries, which can cause
additional loss of function and complicate management. An
acute rupture of a flexor tendon may also occur as the result
of a closed traumatic injury to the hand.3,12,101,129,137

The volar surfaces of the forearm, wrist, palm, and fingers
are divided into five zones; the thumb is divided into three
zones. These zones are illustrated in Figure 19.11. The
anatomical landmarks for each of the zones are described in
Box 19.8.65,82,90,127,129,134,137 Use of this system of classifying
lacerations improves consistency of communication and can
provide a basis for predicting outcomes.137

Knowledge of the complex anatomy, kinesiology of the
hand, and tendon healing properties is essential to understand
the impairments and functional implications caused by dam-
age to the flexor tendons in each of these zones. Box 19.9 iden-
tifies common impairments associated with damage in each
of the zones.90,112

When severed or ruptured, flexor tendons readily retract,
thus requiring surgical intervention in most instances to 
restore function to the hand and prevent deformity. Repair
and rehabilitation of lacerations in zone II, traditionally 
referred to as “no-man’s land,” pose a particular challenge to
hand surgeons and therapists.82,95,122,127,129,137,153 Because of
the confined space in which the extrinsic flexors of the fingers
lie and the limited vascular supply to the tendons in zone II,
healing tissues in this area are prone to excursion-restricting
adhesions. Scar tissue formation during the healing process
can interrupt tendon-gliding in the synovial sheath and
subsequently restrict ROM of the involved fingers.122,137
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In zone IV (the carpal tunnel), the extrinsic flexor tendons
of the digits (FDS, FDP, and FPL) lie in close proximity 
to each other. An injury in this zone may lead to adherence
of adjacent tendons to each other in the carpal tunnel and 
impairment of differential gliding between the tendons.68

Procedures

Types and Timing of Operative Procedures
Many factors influence the type of surgical repair selected to
manage a flexor tendon injury.65,90,127,134 Injury-related factors
include the mechanism of injury; the type and location (zone)

of the laceration; the extent of associated skin, vascular, nerve,
and skeletal damage; the degree of wound contamination; and
the time elapsed since the injury. Surgery-related factors in-
clude timing of the repair, if there is a need to stage surgeries,
and the hand surgeon’s background and experience. Patient-
related influences are the patient’s age, health, and lifestyle
(especially nutrition and smoking). These factors also have 
a significant impact on postoperative rehabilitation and 
outcomes of a tendon repair.82,95,137,153

Types of repair or reconstruction. Surgical options for 
repair of lacerations or a closed rupture of flexor tendons can
be classified by the type of procedure.65,90,98,137

■  Direct repair. An end-to-end repair in which the tendon
ends are re-opposed and sutured together.

■  Tendon graft. An autogenous donor tendon (autograft),
such as the palmaris longus, is sutured in place to replace
the damaged tendon. This is necessary when the ends of
the severed tendon(s) cannot be brought together without
undue tension. Tendon grafts are performed in one or
more stages depending on the severity, type, and location
of injury.

A straight laceration usually lends itself well to a direct
(end-to-end) repair, whereas a jagged laceration that frays the
tendon may require a tendon graft.150

Timing of a repair. Another method of classifying and 
describing tendon repairs is the timing of the repair, as related
to the elapsed time since the injury. The timing of a repair
after an acute tendon injury is critical because the severed
ends of the tendon begin to soften and deteriorate quickly
and the proximal portion of the tendon retracts. These factors
make it difficult to reattach the tendon with a strong repair
at its normal length. However, only a tendon laceration asso-
ciated with major damage to the vascular system is considered
an emergency situation.90,122,127 Although better outcomes are
thought to occur if the repair is done within the first few days,
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BOX 19.8 Flexor Tendon Zones: Anatomical
Landmarks

Zones of the Fingers, Palm, Wrist, and Forearm
■ I—from the insertion of the FDP on the distal phalanx to

just distal of the FDS insertion on the middle phalanx
■ II—from the distal insertion of the FDS tendon to the level

of the distal palmar crease (just proximal to the neck of the
metacarpals)

■ III—from the neck of the metacarpals, proximally along the
metacarpals to the distal border of the carpal tunnel

■ IV—the carpal tunnel (area under the transverse carpal
ligament)

■ V—area just proximal to the wrist (proximal edge of the
carpal ligament) to the musculotendinous junction of the
extrinsic flexors in the distal forearm

Zones of the Thumb
■ T-I—from the distal insertion of the FPL on the distal

phalanx of the thumb to the neck of the proximal phalanx.
■ T-II—from the proximal phalanx, across the MP joint to the

neck of the first metacarpal.
■ T-III—from the first metacarpal to the proximal margin of

the carpal ligament.

BOX 19.9 Consequences of Injury to the Volar Surface of the Hand, Wrist, and Forearm

■ Zone I. Only one tendon, the FDP, can be severed as can 
the A-4 and A-5 retinacular pulleys, which are important 
for maintaining the mechanical advantage of the FDP 
for complete finger flexion (full fist).

■ Zone II. FDS and FDP tendons, a double-layered synovial 
sheath and multiple annular pulleys (including A-1) of the flexor
retinaculum (the fibrous sheath that approximates the tendons
to the underlying bones and maintains them relatively close 
to the joints for full tendon excursion) can all be damaged.
Inability to flex the PIP and DIP joints occurs if both tendons 
are severed. Potential damage to the vincula, the vascular
structures that provide blood, and supplement nutrition derived
from synovial diffusion can compromise tendon healing.

■ Zone III. In addition to loss of the FDP and FDS, damage to
lumbricals can disrupt MP flexion.

■ Zone IV. Damage in this zone (in the carpel tunnel) can affect
all three extrinsic flexors of the digits—FDP, FDS, and FPL—
which disrupts finger and thumb flexion. Synovial sheath also
sustains damage. Nerve injury frequently accompanies
laceration in this zone.

■ Zone V. Laceration in the forearm can cause major damage to
flexor tendons of the digits and wrist, resulting in loss of wrist
and digital flexion. The median and ulnar nerves and the radial
and ulnar arteries also lie superficial in this zone.

■ Zones T-I and T-II. Damage to the retinacular pulley system of
the thumb, synovial sheath in addition to the FPL, and possibly
the distal insertion of the FPB can occur; IP and MP flexion are
disrupted.

■ Zone T-III. Potential damage to the thenar muscles.
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a delay of up to 10 days yields results equal to those of an 
immediate repair. Delays beyond 2 weeks are associated with
poorer outcomes.127,137,150If a repair must be delayed for more
than 3 to 4 weeks, a direct repair is no longer possible, which
necessitates a tendon graft.127

Categories of surgeries based on elapsed time 
include:65,90,127,134

■  Immediate primary repair: A repair done within the first
24 hours after injury.

■  Delayed primary repair: A repair performed up to 10 days
after injury.

■  Secondary repair: A repair done 10 days to 3 weeks after
injury.

■  Late reconstruction: Surgery performed well beyond 3 to
4 weeks, sometimes months after the injury.

■  Staged reconstruction: Multiple separate surgeries per-
formed over a period of weeks or months.98,121,122 A staged
reconstruction enables a surgeon to prepare an extensively
damaged or scarred tendon bed months prior to a tendon
graft, so adhesions are less likely to develop.

A simple, clean, acute laceration of a tendon without 
associated injuries of the hand is most often managed with 
a direct primary repair, either immediate or delayed a few
days.82,127,134 However, if the wound is not clean, a delayed 
primary repair allows time for medical intervention to reduce
the risk of infection. Lengthy delays that necessitate a second-
ary repair or late reconstruction are often associated with 
multiple injuries, such as extensive skin loss, fractures that
cannot be stabilized immediately, or long-standing scarring
and contractures. If there is damage to one or more of the
tendon pulleys, these must be repaired before the lacerated
tendon can be repaired effectively.121,122,127,137

Of the multiple-stage reconstructions for extensive and
complex flexor tendon injuries of the hand, the Hunter two-
stage reconstruction passive or active implant is most widely
known. During the first stage of this procedure, the scarred
and adherent portions of the damaged flexor tendon are 
resected. An implant (rod) made of silicone is then secured
in place to act as a tendon spacer around which a new sheath
develops over a period of 3 months. In addition, a damaged
retinacular pulley system is reconstructed, and any contractures
are released during the first surgery. During the second phase,
the implant is removed, and a donor tendon (graft) is drawn
through the new sheath and sutured in place.98,121,127,137,153

Operative Overview
Some general aspects of the many variations of operative pro-
cedures for primary flexor tendon injuries are described in
this section.65,90,98,122,127,134,137 However, careful review of a
patient’s operative report and close communication with the
hand surgeon are necessary sources of specific details of each
patient’s surgery.

Surgical approach. For example, for repair of lacerated fin-
ger tendons in zone II, a volar, zigzag approach, designed to
avoid the lines of stress or a lateral incision, may be elected

by the surgeon although the zig-zag approach is more com-
mon. When surgically repairing a lacerated tendon, the inci-
sion is made between the annular pulleys to ensure optimal
excursion. This approach preserves the function of these 
fibrous sheaths, which encircle the finger flexors and keep the
tendons close to the joints, preventing bowstringing of the
tendon.

Suturing technique. For a direct repair after the tendon
ends are located, prepared, and re-opposed, there are a num-
ber of delicate suturing techniques that can be employed.
65,82,90,127,129,134,137,150Core sutures and epitendinous sutures
are used to hold the tendon ends together. A larger number
of suture strands across the repair site (e.g., four or six
strands instead of two) produces a proportionally stronger
repair. Running, locked epitendinous sutures used in addi-
tion to core sutures appear to further increase the initial
strength of the repair.65,127,129,149

CLINICAL TIP
Suturing technique and the number of suture strands influ-
ence the initial strength of the repair and consequently the
type and timing of motion allowable postoperatively.

Suturing technique must also address the vascular supply
to the repaired tendon. Nonreactive sutures are placed in the
nonvascular volar aspect of the tendon so as not to disturb
the vincula, which lies in the dorsal aspect of the tendon and
provides its blood supply.129,134,137 When present, as in zones
II and IV, the synovial sheath is also repaired to re-establish
circulation of synovial fluid, an important source of nutrition
to the healing tendons.65,129

Closure. After all repairs have been completed, the incision(s)
is closed, and the hand and wrist are immobilized in a bulky
compression dressing and elevated to control edema. The
compression dressing remains in place for 1 to 3 days. When
the bulky surgical dressing is removed, it is replaced with a
light compressive dressing and an orthosis. 

Postoperative Management
General considerations. After surgical intervention for a
flexor tendon injury, a strong, well-healed tendon that glides
freely is the cornerstone for restoring functional mobility and
strength in the hand.3,55,68,112 Every effort is made to prevent
excursion-restricting adhesions from forming while simulta-
neously protecting the repaired tendon as it heals. Box 19.10
summarizes the factors that contribute to adhesion formation
after tendon repair.55,68,112,127

Many of the same patient and injury-related factors—
already noted—that a surgeon weighs when determining the
most appropriate approach to surgical management for a 
patient’s hand injury also influence the complex components
and progression of postoperative rehabilitation. In addition,
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surgery-related factors, including the type and timing of the
repair, suturing technique, strength of the tendon repair, and
the need for concomitant operative procedures, affect reha-
bilitation and eventual outcomes. Furthermore, therapy-
related factors—in particular the time at which therapy is 
initiated, the use of early or delayed mobilization procedures,
the quality of the orthosis, the expertise of the therapist, and
ultimately the quality and consistency of the patient’s involve-
ment in the rehabilitation process—influence outcomes.

Extensive research has been done on the process of tendon
healing, the tensile strength of tendon repairs, adhesion forma-
tion, and tendon excursion and imposed stresses (loading) on
a repaired tendon during digital motion. A number of sources
provide an in-depth analysis and summary of basic and clinical
studies, typically animal and cadaveric, but some are in vivo
human studies, as they apply to rehabilitation.3,29,55,66,127,129,134 

The purpose of this section is to examine and summarize
current concepts and approaches to immobilization and exer-
cise used in rehabilitation after flexor tendon injury and repair.
Therapists treating patients after tendon repair must be familiar
with the various postoperative protocols or guidelines used by
referring hand surgeons and those described in the literature.

A therapist’s knowledge of the underlying concepts in any
protocol is essential for effective communication with the 
surgeon. A therapist’s skill in applying and teaching exercise
procedures is equally necessary for effective patient education
and helping a patient achieve optimal functional outcomes.
This knowledge enables a therapist to make sound clinical
judgments to determine when the progression of activities in
a protocol preferred by a referring surgeon is safe or when 
activities must be adjusted based on each patient’s responses.
Remember, a regimented protocol is only safe and effective
when there are no postoperative variables, a situation that 
certainly does not occur in the clinical setting.39,112

Approaches to postoperative management. There are two
basic approaches to management after flexor tendon repair

characterized by the timing and type of exercises in the pro-
gram. They are categorized as early controlled motion, either
passive or active, and delayed motion.

Numerous published protocols with considerable variabil-
ity fall within these categories. Most current-day programs
emphasize early controlled (protected) motion after surgery
and include both passive and active exercises of the operated
digit(s). Advances in surgical management (in particular, im-
proved suturing techniques) that establish a relatively strong
initial tendon repair allow the use of early motion.

 FOCUS ON EVIDENCE
Trumble and colleagues140 studied 103 patients with zone II
flexor tendon repair who were randomized to either early 
active motion with place and hold or a passive motion pro-
tocol. ROM was measured at 6, 12, 26, and 52 weeks following
the repair. Outcome measures also included dexterity tests,
the DASH outcome questionnaire, and a satisfaction score.
Ninety-three patients completed the study. At all points in the
study, patients treated with the active motion protocol had
greater ROM. At 52 weeks, the total active motion (TAM) for
the active place and hold group was a mean of 156° +/- 25°,
compared with 128° +/- 22° (p < 0.05) in the passive group.
The authors also report that the active motion group had sig-
nificantly smaller flexion contractures and greater satisfaction
scores (p < 0.05). There was no difference between groups in
either the DASH score or dexterity tests. They concluded that
active motion therapy provides greater active finger motion
than passive motion therapy after zone II flexor tendon repair
without risk of tendon rupture (3%). In addition, they 
reported that concomitant nerve injuries, multiple digit 
injuries, and a history of smoking negatively impact the final
outcome of tendon repairs.

Box 19.11 summarizes the rationale for early protected
motion as soon as a day or two after tendon repair based 
on four decades of evidence derived from scientific stud-
ies.29,55,65,66,68,82,112,127,131,132 However, there are instances when
a traditional, delayed motion approach must be used. Indica-
tions for prolonged (3 to 4 weeks) immobilization after 
tendon repair (and therefore delayed motion) are noted in
Box 19.12.48,112,122,127 

Key elements of early passive and active motion approaches
and the delayed motion approach with regard to immobiliza-
tion and selection and progression of exercises are presented
in the following sections. More detailed descriptions of these
approaches, as well as specific protocols advocated by vari-
ous practitioners and researchers, are available in many
sources.29,39,55,66,68,112,131,134,147,150 

With all approaches, the postoperative goals and interven-
tions for pain reduction, edema control, and maintenance 
of function in uninvolved regions (e.g., the elbow and shoul-
der) are consistent with management following other opera-
tive procedures previously discussed in this chapter. Patient
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BOX 19.10 Factors That Contribute to
Adhesion Formation After 
Tendon Injury and Repair

■ Location of the injury and repair: higher risk in flexor zone II
and extensor zone III; tendons glide in a closely confined area

■ Extent of trauma: higher risk with extensive trauma and
damage to associated structures

■ Reduced blood supply, subsequent ischemia, and reduced
nutrition to healing tendons

■ Excessive handling of damaged tissues during surgery
■ Ineffective suturing technique
■ Damage or resection of components of the tendon sheath
■ Prolonged immobilization after injury or repair, which

prevents tendon-gliding
■ Gapping of the repaired tendon ends associated with

excessive stress to the healing tendon

5850_Ch19_657-713  18/08/17  9:45 AM  Page 689



education is of the utmost importance for effective outcomes
after hand surgery.

NOTE: Unless otherwise noted, the guidelines described in this
section for immobilization and exercise are for injury and pri-
mary repair or one-stage tendon grafts of the FDS and/or FDP
muscle-tendon units in zones I, II, and III. The guidelines are sim-
ilar but not addressed for zones T-I and T-II of the thumb. Post-
operative guidelines for multistage or late reconstructions are
progressed in a similar but more cautious manner. Refer to
other resources for this information.48,55,66,68,112,131

Immobilization
The duration, type, and position of immobilization must be
considered.

Duration of immobilization. With some exceptions previ-
ously noted (see Box 19.12), when prolonged immobilization
(3 to 4 weeks) is necessary, the repaired tendon is continu-
ously immobilized after surgery for up to 5 days while the
bulky compression dressing is kept in place. This allows some
time for postoperative edema to decrease.

Type or method of immobilization. This usually depends
on the preference of the hand surgeon and therapist, the
approach to postoperative exercise, and the stage of tissue
healing. If motion of the operated digit is to be delayed for
3 to 4 weeks, a cast or static orthosis provides the immobi-
lization. Early controlled motion approaches require the
fabrication of different types of customized orthoses.

There are three general types of orthoses used after flexor
tendon repair: a static dorsal blocking orthosis;50,55,68,112,127 a
dorsal blocking orthosis with dynamic traction, originally
proposed by Kleinert75,79 and subsequently modified and im-
proved by clinicians and researchers;55,112,122 and a dorsal ten-
odesis orthosis with a wrist hinge.29,112,127,134 Descriptions of
these static and dynamic orthosis techniques for immobiliza-
tion and/or exercise are noted in Box 19.13. Figure 19.12
shows an example of a dorsal blocking orthosis with dynamic
traction. The orthosis allows active extension of the involved
finger, and the elastic band passively returns the finger to a
flexed position. (See Fig. 19.13A for a depiction of a dorsal
tenodesis orthosis.)

Position of immobilization. The typical position of immo-
bilization for repairs of flexor tendons in zones I, II, and III is
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BOX 19.11 Rationale for Early Controlled
Motion After Tendon Repair

■ Decreases postoperative edema.
■ Maintains tendon-gliding and decreases the formation of

adhesions that can limit tendon excursion and that
consequently limit functional ROM. Gliding deteriorates by
10 days after repair when a tendon is immobilized.

■ Increases synovial fluid diffusion for tissue nutrition, which
increases the rate of tendon healing.

■ Increases wound maturation and the tensile strength of the
repaired tendon more rapidly than continuous
immobilization by means of appropriate-level stresses
achieved with early tendon motion. The repair site loses
strength during the first 2 weeks after surgery.

■ Decreases gap formation at the repair site, which in turn
increases the tensile strength of the repair.

BOX 19.12 Indications for Use of Prolonged
Immobilization and Delayed
Motion After Flexor Tendon Repair

■ Patients who are unable to comprehend and actively
participate in an early controlled motion exercise program.
This includes:
■ Children less than 5 years of age
■ Patients with diminished cognitive capacity associated

with head injury, developmental disability, or
psychological impairment

■ Patients who have the cognitive ability to understand and
follow an early controlled motion program but who are
unlikely to adhere to the program. This includes:
■ The unmotivated patient
■ The overzealous, impatient individual with a history of a

previously failed repair
■ Patients in whom repair of other hand injuries or surgeries

necessitates extended immobilization of the hand

A

B

FIGURE 19.12 A dorsal-blocking orthosis with dynamic traction for
early controlled motion after flexor tendon repair; (A) showing active
extension and (B) passive flexion.
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wrist and MP flexion coupled with PIP and DIP extension.
This position prevents full lengthening and undue stress on
the repaired FDS and/or FDP tendons while minimizing the
risk of IP flexion contractures. The recommended degrees 
of wrist and MP flexion differ somewhat from one source to 
another. Recommended positions range from 10° to 45° of
wrist flexion and from 30° to 70° of MP flexion with the IP
joints in full but comfortable extension depending on the
zone.29,50,55,68,112,127,134 The wrist typically is positioned in less
flexion than the MP joints. The trend over the years has been
to fabricate orthoses that allow less wrist and MP flexion than
early protocols increasing patient comfort and reducing the
risk of carpal tunnel syndrome.55,112 

The wrist is typically positioned at neutral with 60° to 
70° MP flexion following a zone IV repair.68

Exercise: Early Controlled Motion Approaches
There are two basic approaches to the application of early,
controlled motion to maintain tendon-gliding and prevent
tendon adhesions after flexor tendon repair: early passive 
motion and early active motion. The way in which passive or
active motion of the repaired tendon is achieved, however,
varies among protocols.

Early controlled passive motion. Historically, the use of early
passive motion has been based on the work of Duran and
Houser50 and of Kleinert and associates.75,79 Both groups pro-
posed early passive flexion of the IP joints within a protected
range postoperatively, but they used different approaches to
the use of orthoses and exercise. Duran advocated use of a
static dorsal blocking orthosis and early removal of the or-
thosis or loosening of the stabilization straps for passive ROM
exercise of the IP joints of the operated finger(s). Kleinert and

colleagues advanced use of a dorsal blocking orthosis with 
dynamic traction for early exercise (see Fig. 19.12). Within the
confines of the orthosis, the patient performs active extension
of the operated finger with the elastic bands producing passive
flexion allowing excursion of the repaired tendon without 
active tension in the finger flexors. A gentle manual push into
full composite flexion using the uninvolved hand may be added
to increase passive flexion.

NOTE: When a dynamic traction orthosis is used during the
day, a static dorsal blocking orthosis is worn at night. The night
orthosis holds the IP joints in extension, the wrist in 10° to 30°
of flexion, and the MP joints in 50° to 70° flexion to prevent IP
flexion contractures.

These original passive motion protocols have been modified
over the past 3 decades. Today, some surgeons and therapists
use selected elements (use of an orthosis and/or exercise) of
these passive motion approaches.29,31,113,122,140 However, use 
of early active motion that imposes controlled stresses on 
the repaired tendon is gradually replacing passive motion 
approaches.31,68,113,140

Early controlled active motion. The primary feature that dis-
tinguishes an early active motion from an early passive motion
approach is the use of minimum-tension, active contractions of
the repaired muscle-tendon units initiated during the acute
stage of tissue healing, often by the first 24 to 72 hours but no
later than 5 days postoperatively.29,55,68,112,127,134,140 Some passive
exercises are also incorporated into active regimens.

Based primarily on experimental studies using animal
models, it is hypothesized that gentle stresses placed on a
repaired tendon by means of a very low-intensity static or 
dynamic muscle contraction, which “pulls” the repaired tendon
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BOX 19.13 Static and Dynamic Dorsal Blocking Orthoses: Position and Use

Static Dorsal Blocking Orthosis
■ Covers the dorsal surface of the entire hand and two-thirds of

the forearm (the thumb is free).
■ Positioned in wrist and MP flexion and IP extension to avoid

excessive tension on the repaired flexor tendon. The degrees
of flexion may vary with the philosophy of the surgeon or
therapist and the approach (protocol) implemented.

■ Fabricated with straps placed across the volar aspect of the
hand and forearm to hold the wrist and fingers in the correct
position.

■ Restricts wrist and MP extension.
■ Worn during early phases of rehabilitation. Distal straps of the

orthosis are loosened or removed for early exercises.
■ Also worn as a protective night orthosis.

Dorsal Blocking Orthosis With Dynamic Traction
■ Allows early motion of the operated joint while the hand is in

the orthosis.
■ Fabricated with an elastic band (or nylon cord), which is

attached to the nail of the operated finger (or all four fingers),

passes under a palmar bar that acts as a pulley, and then is
attached proximally at the wrist.

■ At rest, the elastic band provides dynamic traction that holds
the operated finger in flexion.

■ Allows active extension of the IP joints to the surface of the
dorsal orthosis.

■ When PIP and DIP extensors relax, tension from the elastic
band pulls on the finger, causing passive flexion.

Dorsal Tenodesis Orthosis With Wrist Hinge
■ Worn exclusively for exercise sessions.
■ No dynamic traction with elastic bands.
■ Allows full wrist flexion and limited (approximately 30°) wrist

extension but maintains the MP joints in at least 60° of
flexion and the IP joints in full extension when the straps 
are secured.

■ Loosening of straps across the fingers allows active wrist
extension during initial passive IP flexion and later when finger
flexion is maintained for several seconds by a static
contraction of the IP flexors.
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through its sheath, is a more effective method of creating 
tendon excursion (gliding) than “pushing” the tendon with
passive motion.3,39,55,57,66 Early active motion has become
more widely accepted because stronger suturing techniques
produce a repair that can withstand early, controlled stresses.

PRECAUTION: Proponents of early, active tendon mobiliza-
tion caution that this approach is recommended only for pri-
mary tendon repairs, using the stronger four- and six-strand
core and epitendinous suture techniques (in contrast to two-
strand suturing) in carefully selected patients who have access
to rehabilitation with an experienced hand therapist and are
most likely to adhere to the prescribed exercise and orthosis
regimen.29,31,55,66,127,131,134,137

There are two ways in which early active motion can be
implemented. Both methods are founded on an analysis and
application of evidence in the scientific literature on tendon
repair and healing, tendon excursion, and imposed loading
on repaired tendons.31,39,55,134

■  Place-and-hold approach. One approach uses “place-and-
hold” exercises by means of static muscle contractions to
generate active tension of the finger flexors and impose
controlled stress on the repaired tendon. (Place-and-hold
exercises are described in the phase-specific exercises that
follow.) This approach to early active motion is used in the
Indiana protocol.29,31,134,151

■  Dynamic approach. The other approach to early active
motion, developed by Evans,55,57 uses dynamic, short-arc,
minimum muscle tension exercises to impose initially low-
intensity stresses on the healing tendon.

■  Combined approach. Groth66 proposed a conceptual model
for the use of early active motion and application of pro-
gressive forces to the healing tendon after flexor tendon re-
pair that combines elements of both the place-and-hold and
dynamic approaches. In addition, in the rationale for this
model, Groth discusses the effects of each level of exercise
on internal tendon loads and tendon excursion supported
by key evidence from the literature when available.
■ A unique feature of Groth’s model is that it is criterion

based rather than time based. By providing criteria for
progressing exercises based on optimal tendon load-
ing, this program provides a mechanism for an indi-
vidualized sequence of exercises adjusted for each
patient rather than using predetermined timelines for
progression.

■ The model contains eight progressive levels of active
exercises, from the least to the greatest levels of loading
on the tendon. The sequence is preceded by warm-up
exercises (slow, repetitive passive finger motions in
protected ranges). As with other early active motion
approaches, exercises are begun during the first few
days after surgery and are progressed until conclusion
of postoperative rehabilitation. Box 19.14 describes the
eight-level sequence of exercises in Groth’s conceptual
model.66,112,137

A number of retrospective studies and prospective, non-
randomized case series have been published describing the 
effectiveness of early active motion or early passive motion
approaches to postoperative rehabilitation following flexor
tendon repair. 

 FOCUS ON EVIDENCE
Chesney and colleagues31 performed a systematic review of
flexor tendon rehabilitation protocols in zone II of the hand.
The authors looked at all rehabilitation protocols published
with the exception of immobilization. The protocols were
broadly classified as either passive flexion and active extension
protocols (Kleinert-type), controlled passive motion protocols
(Duran-type), combined “controlled passive motion” protocols
(combined Kleinert and Duran with elements from both), and
early active motion protocols (protocols utilizing place and
hold). The primary outcomes they considered were the rate of
tendon rupture, the ROM of the injured digit, as well as quality
of life and patient satisfaction. Results of their review demon-
strated that both early active motion protocols and combined
protocols result in low rates of tendon rupture and acceptable
ROM; however, there isn’t a protocol that is superior to another.
The takeaway is that the literature does not support any one
protocol and that more research is needed including random-
ized controlled trials comparing the different protocols side by
side to not only determine the most effective protocol, but also
to determine which protocol is most cost effective.
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BOX 19.14 A Sequence of Exercises for Early
Active Motion With Progressive
Tendon Loading After Flexor
Tendon Repair 66

Warm-Up
Warm-up exercises (passive finger motions within protected
ranges precede each exercise session).

Progressive Levels of Exercise*
■ Level 1—place-and-hold finger flexion
■ Level 2—active composite finger flexion
■ Level 3—hook and straight fist finger flexion
■ Level 4—isolated finger joint motion
■ Level 5—continuation of levels 1–4 of exercise and

discontinuation of protective orthosis with introduction of
gradually increasing use of the hand for functional activities

■ Level 6—resisted composite finger flexion
■ Level 7—resisted hook and straight fist exercises
■ Level 8—resisted isolated joint motion.

*Note: Exercise sequence is from least to greatest tendon
loading. Repetitions are highest at the lowest level of loading and
least at the highest level of loading. Progression to the next level
occurs when specific criteria are met.
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Exercise: Maximum Protection Phase
NOTE: The guidelines for exercises described in this section
focus on the application of early active motion after zone I, II,
or III primary flexor tendon repairs and are drawn from several
resources.

The maximum protection phase of rehabilitation begins
within the first few days after surgery and continues for 3 to
5 weeks. This is the period of time when the tendon repair is
weakest. The goals of this phase of rehabilitation are pain and
edema control and protection of the newly repaired tendon
while imposing very low-level, controlled stresses on the ten-
don to maintain adequate tendon gliding and prevent adhe-
sions that can restrict tendon excursion. Interventions in this
phase include elevating the hand, orthosis use and care,
wound management and skin care, and passive and active 
exercises.

During the first phase of rehabilitation, exercises are 
performed in a static dorsal blocking orthosis or in a wrist
tenodesis orthosis (Fig. 19.13 A) specifically designed for 
exercise. With both methods, the stabilization straps are loos-
ened to allow finger flexion. The following exercises are per-
formed frequently (hourly) during the day and continue for
about the first 4 weeks.

■  Passive ROM exercises. On an hourly basis perform passive
MP, PIP, and DIP flexion and extension of each individual
joint to the extent the dorsal orthosis allows, followed by
composite passive flexion in the confines of the orthosis.
Composite flexion can include passive movements into full
fist and straight fist positions.

■  Independent motions of the PIP and DIP joints for differ-
ential gliding of the FDP and FDS tendons. For example,
the DIP joint must be flexed and extended separately while
each PIP joint is stabilized in flexion. In this way, as the DIP
joint is passively extended, the FDP repair site glides dis-
tally, away from the FDS repair.68,112

PRECAUTION: It is essential to maintain the MP joints in flex-
ion during passive ROM of the IP joints to avoid excessive
stretch of the repair site, which could cause gapping of the re-
opposed tendon ends during IP extension. 

■  Place-and-hold exercises. Many programs initiate place-
and-hold exercises of the repaired digit with the patient
wearing either a dorsal blocking orthosis55,151 or a tenodesis
orthosis.29,39,66,112 With the MP joints in flexion, passively
place the IP joints in a partially flexed position and have
the patient hold the position independently for 5 seconds
with a minimum static contraction of the finger flexors. 
If the patient is wearing a tenodesis orthosis, combine
place-and-hold finger flexion with active wrist extension 
(Fig. 19.13 B and C). Have the patient relax and allow the
wrist to passively flex and the digits to passively extend. Ini-
tially, have the patient practice this with the uninjured hand
or use biofeedback to learn how to hold the position with
a minimum of force production in the FDP and FDS.

 FOCUS ON EVIDENCE
Research has shown that it is preferable to perform place-and-
hold exercises with the wrist extended and the MP joints
placed in flexion because wrist extension is the position in
which the IP joints can be moved by contraction of the FDS
and FDP with the least amount of contraction force and,
therefore, a very low-level load on the repaired tendon.29,39
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FIGURE 19.13 Orthosis and exercise for early active motion post-
flexor tendon repair. (A) Following removal of the surgical compres-
sion dressing and fabrication of a static dorsal-blocking splint, a
tenodesis splint with a wrist hinge is fabricated. (B) The tenodesis 
orthosis allows full wrist flexion but limits wrist extension to 30°. 
During early movement of the fingers, the MP joints are maintained
in at least 60° of flexion, as the IP joints are passively moved and
placed in composite flexion. (C) Then the patient actively extends 
the wrist while maintaining the flexed finger position with a static
muscle contraction and the least amount of tension possible in 
the finger flexors. (From Strickland, JW: Flexor tendon injuries. 
In Strickland, JW, and Graham, TJ [eds]: Master Techniques in 
Orthopedic Surgery—The Hand, ed. 2. Philadelphia: Lippincott
Williams & Wilkins, 2005, p 262, with permission.)
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■  Minimum-tension, short-arc motion (SAM). Some pro-
grams begin active, dynamic finger flexion during the first
few days after surgery if the suturing technique and
strength of the repair allow.39,55,112 Active contractions
that generate minimum tension—just enough tension to
overcome the resistance of the extensors and cause flexor
tendon excursion—are performed with the wrist in slight
extension and the MP joints flexed.

Exercise: Moderate Protection Phase
The moderate protection phase begins at about 4 weeks and
continues until 8 weeks postoperatively. The focus during this
phase is on safely increasing stresses on the repaired tendon
and achieving full active flexion and extension of the wrist
and digits and differential gliding of the tendons. If a tenode-
sis orthosis was worn for early active exercises, it is discontin-
ued at the beginning of this phase. However, use of the static
dorsal blocking orthosis continues during the day except for
exercise until at least 6 to 8 weeks. Use of a night orthosis 
continues for protection or to decrease or prevent a flexion
contracture. Exercises include:

■  Place-and-hold exercises. Continuation of place-and-hold
exercises but with gradually increasing tension.

■  Active ROM. Continuation or initiation of active compos-
ite flexion and extension of the IP joints with the MP joints
flexed, MP flexion/extension with the IP joints relaxed and
active wrist flexion and extension with the fingers relaxed.

■  Tendon-gliding and blocking exercises. These exercises are
initiated at about 5 to 6 weeks (see Figs. 19.16 and 19.17
and the descriptions in the final section of this chapter).

PRECAUTION: Avoid finger extension combined with wrist
extension for about 6 to 8 weeks, as this position places ex-
treme tension on the repaired flexor tendon.

Exercise: Minimum Protection/Return to Function
Phase
The minimum protection/return to function phase begins at
approximately 8 weeks postoperatively and is characterized by
gradually progressed resistance exercises to improve strength
and endurance, dexterity exercises, and use of the hand for
light (1 to 2 lb) functional activities. (Refer to the final section
of this chapter for suggested exercises and activities.)

Use of a protective orthosis is discontinued; however, 
intermittent use of an orthosis may be necessary if the patient
has a persistent extensor lag or flexion contracture. After 
primary flexor tendon repairs, most patients return to full 
activity by 12 weeks after surgery.

Exercise: Delayed Motion Approach
In instances where continuous immobilization of a repaired
flexor tendon extends for 3 to 4 weeks (see Box 19.12 for indi-
cations), some degree of tendon healing and adhesion forma-
tion already has occurred by the time exercises can be initiated.

PRECAUTION: Despite the extended period of immobiliza-
tion, at 3 to 4 weeks, the tendon repair must still be protected
in a dorsal blocking orthosis and exercises must be performed
in protected positions and progressed gradually.

Exercises such as passive ROM, tendon-blocking and
tendon-gliding, and active ROM can be initiated when the
cast is removed. Exercises used in early motion approaches
are appropriate. The reader is also referred to additional 
resources that provide detailed exercise programs when 
delayed mobilization is necessary. 48,112

Outcomes 
Functional outcomes. There is a substantial body of evi-
dence on flexor tendon repairs, some of which is based on
longitudinal clinical outcome studies.137 A literature review129

indicated that with the advances made in flexor tendon sur-
gery and rehabilitation techniques over the past few decades,
recovery of good or excellent function can be expected in 80%
or more of patients after flexor tendon injury and repair. Two
factors that have contributed considerably to a high rate of
favorable outcomes are the use of improved suturing tech-
niques that produce a strong repair site and implementation
of early motion in rehabilitation programs.

There are several quantitative assessment tools used in 
outcome studies of tendon repair.112 It is helpful to become
familiar with the more frequently used assessments in order
to understand the findings of studies. With some of these
tools, results are reported as excellent, good, fair, and poor.
For the most part, these terms are not simply subjective 
descriptors but rather are associated with objective measure-
ment tools. For example, in the Strickland system,31 the terms
refer to a percentage of “normal” TAM (total active flexion
minus deficits in active extension) of the PIP and DIP joints
achieved after zone I, II, or III repairs and rehabilitation.

Some generalizations can be made about outcomes after
flexor tendon repair. Findings in the literature indicate that
immediate primary and delayed primary repairs (up to 10 days
after injury) yield equally positive outcomes.122 However, late
reconstructions and multistage reconstructions, not surpris-
ingly, result in poorer outcomes (less active and passive ROM,
greater functional limitations) than primary repairs.48,98,127

This is consistent with the findings that the greater the severity
and number of associated injuries, the less favorable the
outcomes.112 

Studies dating back to the 1980s have documented that 
the use of 4 weeks of uninterrupted immobilization leads 
to a slower return of tensile strength in the repaired tendon
and greater adhesion formation than the use of early mobi-
lization.112 Although extended immobilization continues to
be the treatment of choice for children less than 7 to 10 years
of age,54 there is emerging evidence demonstrating positive 
results using both early active and early passive motion pro-
tocols depending on the child’s developmental maturity and
caregiver support.94,106141

Studies of various approaches to early motion (passive or
active) after flexor tendon repair demonstrate superior out-
comes when compared with outcomes after extended immo-
bilization. Although the use of early motion in rehabilitation
after flexor tendon repair has been well documented in the
literature and is now the “norm” for treatment, there continues
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to be limited evidence to definitively indicate any one protocol
as superior over the others.31

The prospective randomized study by Trumble and coin-
vestigators140 highlighted previously in this section lends 
further support for the use of early active motion for the man-
agement of repaired flexor tendons; however, additional re-
search including randomized controlled trials is still needed.31

Complications. The most frequent early complication after
surgery is rupture of the repaired tendon, and the most fre-
quent late complication is flexion contracture or a deficit in
active extension of the repaired DIP and/or PIP joints, typi-
cally as the result of tendon adhesions.51,134 Overall, the rate
of postoperative complications is higher in zone II repairs
than in other zones.95 Most ruptures usually occur around
10 days postoperatively when the repaired tendon is in its
most weakened state.95 A rupture may occur during strong
gripping activities or as the result of encountering an unex-
pected high load, but it also may occur while the patient is
asleep if the hand is unprotected during the first few months
after surgery.

Although there is general agreement that early motion
after tendon repair reduces adhesion formation, there have
been concerns that initiating early active contractions (static
or dynamic) of the PIP or DIP flexors, which place active ten-
sion on the newly repaired tendon, may increase the risk of
tendon rupture. Overall, however, rupture rates are low and
appear to be relatively equal to those seen with early passive
flexion/active extension programs.51 In the systematic review
by Chesney31 and colleagues, rupture rate was lowest in the
combined Kleinert and Duran protocols (2.3%) and highest
in the Kleinert protocols (7.1%); however, no statistical dif-
ference was found. Equal rupture rates (4%) have occurred
in zone II tendon repairs when early passive motion and early
active motion (place-and-hold) approaches to therapy were
implemented.140

Lacerated Extensor Tendons of the
Hand: Surgical and Postoperative
Management
Background and Indications for Surgery
Laceration and traumatic rupture of the extensor tendons of
the fingers, thumb, or wrist are often considered as being less
serious than flexor tendon injury. Treatment and rehabilitation
are often believed to be less intricate, less time-consuming, and
associated with a more favorable prognosis than flexor tendon
injuries. Experience, however, demonstrates that extensor
tendon injuries can be just as complex, time-consuming, frus-
trating, and disappointing.39,91,119 Their superficial location
makes the extensor tendons vulnerable to damage when
trauma occurs to the dorsum of the hand. Furthermore, 
extensor tendons in the digits are substantially thinner than
flexor tendons, making them more prone to traumatic rupture
and difficult to repair.52,105,119,130

As with the flexor surface, the extensor surface of the hand,
wrist, and forearm is divided into zones (Fig. 19.14). The

dorsal surface of the fingers and wrist are divided into seven
zones, and the thumb into four zones. Each of these zones 
is identified by specific anatomical landmarks, as noted in 
Box 19.15.52,56,91,105,119 The odd-number zones correspond to
the location of the DIP, PIP, MP, and wrist joint regions, while
the even-number zones correspond to the bones. Although
not depicted in Figure 19.14, the dorsal surface of the distal
and middle forearm is often identified as zones VIII and IX,
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FIGURE 19.14 Extensor tendon zones; dorsal aspect of the hand
and wrist.

BOX 19.15 Extensor Tendon Zones: Anatomic
Landmarks

Zones of the Dorsal Surfaces of the Fingers, Hand,
Wrist, and Forearm
■ I—DIP joint region
■ II—middle phalanx
■ III—PIP joint region
■ IV—proximal phalanx
■ V—apex of the MP joint region
■ VI—dorsum of the hand
■ VII—wrist region/dorsal retinaculum
■ VIII and IX—distal and middle forearm

Zones of the Thumb
■ T-I—IP joint region
■ T-II—proximal phalanx
■ T-III—MP joint region
■ T-IV—metacarpal
■ T-V—carpometacarpal joint region
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respectively. The area at the CMC joint of the thumb is often
identified as zone T-V.52,56,105

The extensor mechanism of the hand and wrist is complex.
The structural characteristics of these mechanisms vary in
each zone. Damage in one zone produces compensatory 
imbalances in adjacent zones. Knowledge of the anatomy and
kinesiology of the extensor mechanism is basic to an under-
standing of how a patient’s physical impairments and func-
tional limitations occur according to the structures damaged
in each zone. Box 19.16 identifies key structures and charac-
teristic impairments associated with tendon rupture or lac-
eration by zone.52,91,119,126,130 Of all the extensor zones, injuries
in zones III and VII pose the greatest surgical and rehabilita-
tive challenges due to the complexity of the underlying struc-
tures in that area and the potential for residual functional loss
or deformity. However, injuries in zone V are by far the most
common. Injuries to zone V frequently happen as a result of
a punch to another’s mouth, called a fight bite. With these
cases, there is a high risk of infection and they usually become 
septic. This requires surgical debridement and intravenous
antibiotics, in addition to the repair of the tendon.91,130 Other
injuries also occur in zone V, including blunt trauma, which
can cause rupture to the sagittal bands. Acute injuries in
zone V can be treated by an MP extension orthosis for 
6 weeks or the sagittal band bridge orthosis (similar to the
“relative extension” orthosis described by Howell and associ-
ates), which places the MP of the involved finger in relative 
hyperextension as compared to the adjacent fingers (25° to 35°)
and is worn for 8 weeks. However, chronic injuries in zone V
are treated with primary repair rather than sagittal band 
reconstruction.56,67,68,91,130,

Depending on the type and location of injury to the ex-
tensor mechanism and the extent of associated skeletal,
joint, vascular, or nerve damage, surgery may or may not be

indicated. The tendons of the extensor system distal to the
dorsum of the hand have many soft tissue attachments along
various structures, making extensor tendons far less likely
to retract when lacerated or ruptured than flexor tendons.105

Consequently, with a rupture (closed injury) or a simple lac-
eration in zones I to III, the tendon is re-opposed and man-
aged by uninterrupted immobilization in an orthosis for 6 to
8 weeks as it heals.39,52,119,126,130 For example, this is a common
course of treatment for a mallet finger (or thumb) deformity,
which is a closed rupture of the terminal extensor tendon in
zone I, usually from forceful hyperflexion.39,52,105,119,126,130

Nevertheless, surgical intervention, even for a simple distal
tendon injury, may be necessary to restore active ROM, mus-
cular balance, strength, and function to the hand and prevent
contractures and deformity. Although the extensor muscles
of the digits are substantially weaker than the flexors, an intact
extensor mechanism is essential for functional grasp and 
release.119

Procedures

Types of Repairs and Reconstruction
Surgical options for extensor tendon repair include a direct
(end-to-end) repair or a reconstruction. As with flexor tendon
repair or reconstruction, surgeries are classified as primary
(immediate repair or delayed up to 10 days), secondary repair,
or reconstruction, which may involve a tendon lengthening,
tendon grafts (for larger defects that cannot be addressed by
tendon lengthening procedures), or tendon transfers.119,126,130

These terms already have been defined in the previous section
of this chapter on flexor tendon repair and rehabilitation. 
Operative procedures, such as tendon transfers, for ruptured,
diseased extensor tendons associated with RA also were 
described earlier in the chapter.
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BOX 19.16 Consequences of Injury to the Dorsal Structures of the Hand and Wrist

■ Zones I and II. Damage to the terminal extensor leads to
inability to actively extend the DIP joint (extensor lag) and
eventual DIP flexion contracture and deformity (mallet finger).
A swan-neck deformity secondary to an unopposed central
slip and migration of the extensor mechanisms proximally
may also develop. Damage in those zones is usually the result
of a closed rupture rather than a laceration.

■ Zones III and IV. Damage to the central slip and possibly the
lateral bands results in an inability to actively extend the PIP
joint from a 90° flexed position. Flexion contracture of the PIP
joint and eventually a boutonnière deformity develop as the
lateral bands slip volarly and cause hyperextension of the DIP
joint.

■ Zone V. Damage to the common extensor tendons (ED),
extensor indicis (EI), extensor digiti minimi (EDM), and sagittal
bands that surround the MP joints causes inability to actively
extend the MP joints, eventually resulting in MP flexion
contractures.

■ Zones VI and VII. The juncturae tendium along the dorsum of
the hand (VI) and the dorsal retinaculum (VII) under which
multiple extensor tendons of the wrist and digits pass in close
proximity can be damaged. A bowstring effect occurs in the
extensor tendons if the retinaculum, which acts as a pulley, is
lacerated. The synovial sheath through which the tendons
glide in zone VII can also be damaged, subsequently
compromising synovial diffusion and nutrition to the tendons.
Injuries in zones VI and VII can result in loss of extension of the
digits and wrist.

■ T-I and T-II. Damage to the EPL and possibly the EPB (if
laceration is in the proximal region of the proximal phalanx)
leads to loss of hyperextension of the IP joint (mallet thumb
deformity) and weakened MP extension.

■ T-III and T-IV. Damage to EPB leads to weakened MP extension
and transfers extension forces to IP joint, leading to a flexion
deformity of the MP joint and a hyperextension deformity of
the IP joint if the EPL is intact.
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Operative Overview
Although similar definitions exist for extensor and flexor ten-
don procedures, there are substantial differences in operative
techniques used to repair extensor versus flexor tendons.
These differences are based largely on the fact that extensor
tendons are morphologically thinner and flatter than flexor
tendons. This fact led to the belief that extensor tendon 
repairs are more prone to gapping, have less tensile strength,
and are more likely to rupture than flexor tendons after repair.
However, stronger suturing techniques, specifically designed
for extensor tendon repair and reconstruction, are used more
frequently today, allowing early postoperative mobilization of
the repaired tendon while lessening concerns of gapping and
rupture.52,91,119,126

Zone III primary repair. Operative procedures for repair
of lacerated or ruptured extensor tendons vary significantly
in the distal versus the proximal zones. In this overview, only
repair of a zone III laceration is described, simply as an 
example. Detailed descriptions of operative techniques for
primary repair and late reconstruction of extensor tendons
in all zones of the hand, wrist, and forearm can be found in
several sources.16,52,91,105,126,130

Closed or open injury to the extensor mechanism over the
PIP joint in zone III may injure the central slip, the lateral
bands, or both. This can result in a PIP joint extensor lag and
DIP joint hyperextension, called a boutonniere deformity.
The cause of a closed boutonnière deformity involves blunt
trauma to the dorsum of the PIP joint and volar dislocation
that results in an avulsion of the central slip, with or without
a piece of bone. Treatment for acute central slip injuries in
zone III, includes using an orthosis in full PIP extension for 
6 weeks in order to allow the central slip to heal, during which
time active DIP flexion exercises are done hourly in order to
draw the lateral bands dorsally. After the initial 6 weeks, a
night orthosis is used for an additional 4 to 6 weeks.52,133 For
open injuries to zone III, the central slip is repaired, and if the
central slip is not robust enough for a direct repair, a suture
anchor can be used to the middle phalanx to facilitate tendon-
to-bone fixation.52,133

If damaged, the lateral bands are repaired. If a boutonnière
deformity is evident or likely to develop, a K-wire may be 
inserted to immobilize the PIP joint in extension for about 
3 weeks and then removed. After closure of the area, a bulky
compression dressing immobilizes the repaired tissues and
controls edema.52,57,133

Postoperative Management
General considerations. The overall goal of postoperative re-
habilitation after extensor tendon injury and repair is the same
as after flexor tendon repair—that is, to restore mobility and
strength to the hand and wrist for functional activities. Adhe-
sion formation is a concern in the extensor tendons after repair,
just as it is after repair of the flexor tendons. As noted previ-
ously, extensor tendons of the fingers are less likely to retract
after laceration or rupture because of the extensor mecha-
nism’s multiple soft tissue linkages to surrounding structures.

However, these attachments make extensor tendons prone to
adhesion formation and loss of excursion during the healing
process.91,105,119 As with management after flexor tendon repair,
emphasis after extensor tendon repair is placed on prevent-
ing adhesions that restrict tendon gliding, limit joint ROM, 
and functional use of the hand. (Refer to Box 19.10 to review
factors that contribute to adhesion formation.)

The components and progression of postoperative reha-
bilitation and eventual outcomes after extensor tendon repair
are influenced by many of the same factors that influence 
rehabilitation and outcomes of flexor tendon repair, includ-
ing the location (level) and severity of the injury; the
specifics of the surgical procedure(s), particularly the type
of suturing technique and strength of the repair; and the
timing of and the patient’s access and commitment to a 
supervised rehabilitation program with an experienced hand
therapist.39,56,57,91,119

Approaches to postoperative management. Two general
approaches to rehabilitation after surgical repair of extensor
tendon injuries are described in the literature: prolonged, 
uninterrupted immobilization with motion of the injured 
region(s) delayed for 3 to 6 weeks or, in carefully selected 
patients, early controlled passive or active motion initiated
during the first few postoperative days. The latter is based on
the same rationale as for early mobilization of flexor tendon
repairs (see Box 19.11).

There are situations when an extended immobilization/
delayed motion approach is the only appropriate method of
management (see Box 19.12). Some studies continue to show
that in many instances this traditional approach yields accept-
able results in certain cases.39,56 However, some studies have
shown that extensor tendon repairs, managed with prolonged
immobilization, are more likely to develop adhesions, result-
ing in only marginal outcomes (increased incidence of exten-
sor lag, joint contracture, and boutonnière deformity). In
addition, these and other studies have demonstrated that early
motion programs after primary repair of acute extensor ten-
don injuries in zones III and VII are effective and safe25,56,57,130

and produce superior outcomes compared with prolonged
immobilization/delayed motion programs.39,56 Consequently,
early motion approaches have become more widely used in
recent years.

It should be noted, however, that prolonged immobiliza-
tion continues to be the most frequently selected method 
of treating zone I and II extensor tendon injuries.39,56,57,119,126,130

Late reconstruction, which is more complex and usually 
involves tendon grafts, also is managed in most cases with
continuous, extended immobilization and delayed motion.126

Immobilization
Immobilization typically is maintained with a volar (palmar)
orthosis after the bulky surgical dressing is removed a few
days postoperatively. The duration of immobilization, the
type(s) of immobilization selected, the joints immobilized,
and the position of immobilization are based on the location
(zone) of the injury and repair and the structures involved.
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Duration of immobilization. If a patient is a good candi-
date for an early motion program, the duration of uninter-
rupted immobilization often is just a few days. If delayed
motion is a more appropriate course of action, uninterrupted
immobilization ranges from 3 to 6 weeks. In early motion
programs, some type of a protective orthosis is used during
exercise for about 6 weeks after surgery.

Types of immobilization. Either static or dynamic orthoses
or a combination of both is used. Depending on the joints
immobilized, a forearm and wrist-based or a hand-based or-
thosis is indicated to block excessive flexion at the region of
the repair and prevent stretching of the repaired tendon(s). A
static orthosis is considered a low-profile orthosis, whereas a
dynamic orthosis (see Fig. 19.10) with its outrigger secured
to the dorsal surface of the orthosis for the elastic band and
sling attachments is a high-profile orthosis. The slings and
elastic band attachments hold the digits in extension at rest
but allow active flexion.

For a delayed motion program, a static volar or a remov-
able circumferential orthosis is fabricated and worn on a con-
tinuous basis (other than daily skin care). A dynamic orthosis,
worn during the day for frequent exercise sessions, is an inte-
gral component of many early motion programs, but a static
orthosis must be worn at night to protect the repair. Some
early active motion programs use only static orthoses that
allow active motion when the straps are loosened but other-
wise prevent excessive motion of joints. Special static orthoses
for the repaired digits are fabricated and used only during
short-arc exercises to limit the range of allowable motion (see
Fig. 19.15).56,83

The joints are immobilized in an extended position or a 
position that places only minimal tension on the tendon to pro-
tect the repair from excessive stretch and potential gapping. As
examples, for a zone I or II repair, the DIP is placed in 
hyperextension, for a zone III/IV repair, the PIP and sometimes
the DIP joints are placed in extension, but for a zone V/VI 
repair, the wrist is held in 30° of extension and the MP joints
in 30° to 45° of flexion. Recommended positions of the joints
proximal or distal to the injured zone vary considerably. Several
resources provide detailed information on immobilization and
use of orthoses after extensor tendon repairs.30,39,56,83

Exercise: Early Controlled Active Motion Approach
As interest in the application of early active motion after ten-
don repair has grown, so have the number of studies describ-
ing details of exercise programs and outcomes. In addition to
one example of an early active motion program for zone III/IV
repairs presented in this section, guidelines for early mobi-
lization of zones V, VI, and VII also have been proposed and
detailed in the literature.27,30,56,57,67,83,93 

CLINICAL TIP
The distinguishing feature common to all early active 
motion programs following extensor tendon repair is that
low-intensity and controlled active contractions of the repaired

muscle-tendon units are initiated during the first few post-
operative days, albeit in the confines of some type of static
volar orthosis.

As noted previously, extensor tendon repairs in zones III
and IV are especially prone to adhesion formation because 
of multiple soft tissue attachments of the extensor mechanism
to surrounding structures and the broad bone-tendon inter-
face of the proximal phalanx along which the extensor mech-
anism must glide.56,57,105,119 Evans56,57 proposed an early
motion program of using orthoses and exercise for repairs 
of the central slip that involves minimal active tension of the
repaired extensors for controlled SAM of the PIP and DIP
joints.

 FOCUS ON EVIDENCE
Evans56 compared the results of a prolonged immobiliza-
tion/delayed motion program and an early SAM program in
55 patients who had undergone primary repair of 64 fingers
for injury of the central slip. Patients in one group (36 digits)
were managed with 3 to 6 weeks (mean 32.9 days) of contin-
uous immobilization, whereas patients in the early motion
group (28 digits) began active motion in a protected range at
2 to 11 days (mean 4.59 days) after surgery. After 6 weeks of
treatment, patients in the delayed motion group had signifi-
cantly less PIP flexion (44°) than the early motion group
(88°). At discharge, the delayed motion group continued to
have significantly less PIP flexion (72° after 76 days) than the
early motion group (88° at 51 days). In addition, at discharge,
the delayed motion group had significantly less DIP flexion
than the early motion group (37.6° and 45.0°, respectively).
It also is interesting to note that at discharge, the delayed 
motion group compared to the early motion group had sig-
nificantly greater PIP extensor lag (8.1° and 2.9°, respectively).
However, at the initiation of treatment, the delayed motion
group had a 13° PIP extensor lag, whereas the early motion
group had only a 3° lag.

Key elements of the early, short-arc, active motion pro-
gram for central slip repairs include the following orthosis
and exercise procedures:30,56,57,83

Use of customized static volar orthoses. Several types of
customized orthoses are used with this approach. A static,
hand-based volar orthosis is fabricated and applied as soon
as the surgical dressing is removed. It holds only the PIP and
DIP joints in 0° extension; the wrist and MP joints are free.
This orthosis is removed for exercise on an hourly basis
during the day but replaced between exercise sessions.

■  A forearm-based resting orthosis is worn at night for pro-
tection for at least 6 weeks postoperatively.

■  Two static, volar, finger-based, template orthoses are fabri-
cated and worn only during exercise to limit joint motion,
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extensor tendon excursion, and the level of stress on the 
repaired central slip. One orthosis is molded to limit PIP
flexion to 30° and DIP flexion to 20° or 25° during exercise.
A second template orthosis is fabricated to hold the PIP
joint in full extension during isolated DIP flexion limited
to 30° to 35° (Fig. 19.15).

■  The PIP exercise orthosis is revised during the second week
of exercise to allow 40° of flexion if no extensor lag is pres-
ent. The PIP flexion allowed by the orthosis is increased 
incrementally by 10° each week thereafter.

Exercise progression. The patient is taught the concept of
minimum active tension (MAT) to protect healing tissues
during tendon excursion. MAT is just enough tension gener-
ated during an active muscle contraction to overcome the
elastic resistance of an antagonist.56

■  Exercises are initiated within the first few postoperative
days and performed hourly during the day. While actively
holding the wrist in 30° of flexion and manually stabilizing
the MP joint in neutral to slight flexion, the patient per-
forms active PIP and DIP flexion within the limits allowed
by the PIP exercise orthosis (Fig. 19.15 A), followed by full
active extension held for several seconds (Fig. 19.15 B).

■  The patient also performs active, isolated DIP flexion/ex-
tension in the second volar template orthosis that stabilizes
the PIP joint in full extension.

■  Exercises continue regularly during the day for several
weeks using revised exercise orthoses. Ideally, by the end of
4 weeks, the patient achieves 70° to 80° of active flexion and
full extension of the PIP joint.

■  Composite MP, PIP, and DIP flexion (full fist) is postponed
for at least 4 weeks or when the exercise orthoses have been
discontinued.

■  By 6 to 8 weeks, low-intensity resisted exercises are initiated
along with gradual use of the hand for functional activities.

Exercise: Delayed Mobilization Approach
If a traditional approach to postoperative management of 
extensor tendon repairs is used, exercises are delayed for at
least several weeks after surgery. Special considerations and

precautions for exercise using a delayed motion approach are
summarized by zones in Box 19.17.30,56 

Guidelines for resistance exercises to strengthen the hand
and continuation or modification of an orthosis for protection
are not addressed in this summary. In general, an orthosis is
continued during the day if an extensor lag persists and at night
for protection for about 12 weeks. If grasp is limited because
of insufficient finger flexion, passive stretching is initiated, or a
dynamic flexor orthosis may be incorporated into the program
by alternating the flexion and extension orthoses.

Resistance to the repaired muscle-tendon unit is not initi-
ated until 8 to 12 weeks postoperatively regardless of the site
of the repair. First, emphasis is placed on gradually strength-
ening the extensors to prevent or minimize an extensor lag.
After 10 to 12 weeks, low-intensity resisted grasp and pinch
activities are initiated to gradually strengthen the flexors if no
extensor lag is present.

Outcomes 
Outcomes, including complications, after extensor tendon 
repair and postoperative rehabilitation are well documented
in the literature. Early and late complications are similar to
those occurring after flexor tendon repair, including rupture,
adhesion formation, and limited motion. Outcomes typically
measured and reported after extensor tendon repair are ROM
of the wrist and/or digits and grip strength with only limited
information reported on use of the hand for functional 
activities.

Digital motion often is expressed in terms of “pad-to-
palm” distances or TAM (active flexion minus extensor lag).
These figures are then compared to the contralateral hand 
or to the “normal” population and are typically expressed as
excellent, good, fair, or poor. For example, if ROM is only 75%
of that found in normal individuals or if there is < 15° of 
extensor lag in a digit and sufficient digital flexion to touch
the pad of the distal phalanx to the mid-palm, the result is 
described as “good.” To understand the results of studies on
tendon repair, it is necessary to have some understanding of
the various assessment tools.
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FIGURE 19.15 One of two static volar template orthoses used during early short-arc exercises of the PIP and DIP joints after repair of the 
extensor mechanism in zones III/IV. During exercise, the patient actively holds the wrist in approximately 30° of flexion and manually holds 
the MP joint in neutral to slight flexion. (A) Using minimal active tension during combined active PIP and DIP flexion, the orthosis initially limits
PIP and DIP flexion to 30° and 20° to 25°, respectively, to prevent excessive stretch of the repair site. (B) The patient actively and slowly extends
the PIP and DIP joints to full extension and briefly holds the extended position.
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BOX 19.17 Special Considerations for Exercise After Extensor Tendon Repair and Extended
Immobilization

Zones I and II
■ Tendon injuries in these zones are typically managed

nonoperatively.
■ PIP and MP AROM while the DIP is continuously immobilized in

extension for at least 4 weeks but more often 6 to 8 weeks.
■ When orthosis can be removed for exercise, perform active

DIP extension and very gentle active flexion with the MP and
PIP joints stabilized in neutral. Briefly hold the extended
position with each repetition.

■ Emphasize active extension more than flexion to avoid an
extensor lag.

■ After initiating exercises, use an orthosis between exercise
sessions an additional 2 weeks or longer if an extensor lag
develops.

PRECAUTION: Increase active flexion of the DIP joint very
gradually, initially limiting flexion to 20° to 25° during the first
week of exercise. The strong FDP can easily place excessive
stress on the terminal extensor tendon and cause gapping or
rupture of the repair. Progress active flexion by about 10° per
week. Do not attempt full DIP flexion for about 3 months.

Zones III and IV
■ If the lateral bands were intact, begin DIP AROM 1 week

postoperatively while the PIP joint is immobilized in extension
in a volar orthosis or cylinder cast. Early DIP motion prevents
adherence and loss of extensibility of the lateral bands and
oblique retinacular ligaments and loss of mobility of the DIP
joint.

■ If the lateral bands were damaged and repaired, postpone DIP
ROM until 4 to 6 weeks postoperatively.

■ At a minimum of 3 to 4 weeks but more often at 6 weeks, the
volar orthosis is removed for active ROM of the PIP joints with
the MP joints stabilized. Emphasize active extension more
than flexion.

PRECAUTIONS: Progress PIP flexion in very gradual incre-
ments; limit PIP flexion to 30° the first week of PIP ROM exer-
cises. Increase an additional 10° per week if no extensor lag.

■ If the wrist and MP joints have been immobilized
postoperatively, include active ROM of the wrist with the 
MP and PIP joints stabilized and active MP ROM with the
wrist and PIP joints stabilized in extension.

Zones V and VI
■ When the volar orthosis can be removed for exercise (between

3 and 4 weeks or as late as 6 weeks postoperatively), begin
active or assisted MP extension and passive flexion with the
wrist and IP joints stabilized in neutral and the forearm
pronated. Actively hold the extended position for a few
seconds with each repetition. Let the extensors relax to 
flex the MP joints.

■ Add carefully controlled active MP flexion within a protected
range with the wrist stabilized in extension.

■ Emphasize active MP extension more than flexion to prevent
an extensor lag.

PRECAUTION: Initially limit active MP flexion to 30° in the
index and middle fingers and 35° to 40° in the ring and small
fingers.

■ During active IP flexion and extension exercises, stabilize the
MP joints in neutral and the wrist in slight extension.
Encourage full-range DIP motion.

■ Combine active MP extension with active PIP flexion (hook fist
position) and PIP extension (straight hand position).

■ Incrementally progress to full fist position over several weeks
if no extensor lag develops.

Zone VII
■ If the wrist extensors are intact and only extrinsic finger

extensors have been repaired follow the guidelines for zone
V/VI repairs.

■ If the wrist extensors were repaired, begin active wrist
extension from neutral to full extension in a gravity-eliminated
position (forearm in mid-position) at 3 to 4 weeks.

■ Incrementally increase wrist flexion beyond neutral between 
5 and 8 weeks postoperatively.

■ Perform radial and ulnar deviation with the wrist in neutral.

Some generalizations about outcomes can be drawn from
the literature regarding the severity and location of the injury.
As with flexor tendon injuries, the greater the extent of asso-
ciated skeletal, joint, vascular, or nerve injuries, the poorer are
the results of the repair with respect to extensor lag and digital
flexion for grasp. For example, in a study of outcomes after
extended immobilization following extensor tendon repair,
64% of patients with simple tendon injuries had good results,
whereas only 47% of patients with associated skeletal or joint
injuries had good results.105 In the same study, investigators
found that repairs of distal injuries (zones I to IV) had less

favorable results than repairs of more proximal injuries (zones
V to VIII).

Outcomes of the various approaches to postoperative
management of extensor tendon injuries are reported in
the literature on an ongoing basis. With regard to the tim-
ing of the surgical intervention, for example, primary re-
pairs of acute injuries (rupture or laceration), whether
repaired immediately or delayed for up to 10 days, yield
equally good results.119 As noted throughout this section
on extensor tendon injury and repair, numerous studies
have been published describing outcomes of the various
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approaches to postoperative management. Although some
studies support the use and effectiveness of prolonged 
immobilization of extensor tendon repairs, there is grow-
ing use and ongoing modification and refinement of early
controlled motion approaches to help patients achieve the
best possible outcomes.

For example, a dynamic extension orthosis, a mainstay of
early passive mobilization protocols for more than 20 years,
now is being re-evaluated. Although some studies 25,120 have
demonstrated that high-profile, dynamic orthoses continue
to be used and are effective, other studies reflect a return to
the use of low-profile, static orthoses if coupled with early 
active motion.56,93 

In a prospective, randomized, controlled trial, Kitis74 and
associates compared static and dynamic orthosis manage-
ment of extensor tendon repairs in zones V to VII. Between
January 2009 and June 2011, they compared the results of 
patients randomized into a static group (n = 25) or a dynamic
group (n = 27). All patients underwent extensor tendon repair
within 24 hours using Kessler’s method using a two-strand
core suture of 4.0 nylon and a circumferential running suture
of 6.0 nylon. Following surgery, the patients were seen in the
clinic 3 to 5 days postoperatively. Twenty-five patients with
39 fingers were treated with controlled movement with a volar
static orthosis (wrist in 30°-35° extension and MP joints in
45° of flexion with the orthosis extending distally to the mid-
dle of the proximal phalanx), and 27 patients with 44 fingers
were treated with a dynamic orthosis. Those in the static
group were allowed to actively flex and extend their IP joints
within the limits of the orthosis. Active motion of the wrist
was initiated after 3 weeks with gravity eliminated, followed
by extension of the MPs, followed by full extension of the IPs.
Exercises were performed 10 times each waking hour. At 
4 weeks, the orthosis was removed and wrist AROM was ini-
tiated against gravity. At 6 weeks, the patients were allowed to
use the involved hand for light ADLs, and at 8 weeks, gradual
resistance was initiated. The dynamic group was placed in 
an extension orthosis positioned dorsally, which allowed full
IP motion and 30° of active MP flexion with passive rubber
band extension. The patients were instructed to actively flex
the MP joints to 30° as permitted by the orthosis 10 times
every waking hour. At 4 weeks, the dynamic group was 
allowed active MP and IP extension, and the dynamic orthosis
was discontinued except at night. At 5 weeks, active wrist flex-
ion and extension was allowed, as well as a full active fist. 
Between 8 to 12 weeks, the dynamic group progressed to 
resistive exercises and was allowed to perform normal hand
activities. Outcome measures included the measurement of
TAM, grip strength, and the DASH questionnaire, which were
measured in both groups at 4 weeks, 12 weeks, and 6 months
postoperatively. The authors reported no ruptures in either
group and concluded that the use of dynamic orthoses for 
extensor tendon lacerations in zones V to VII provides im-
proved functional outcomes when compared with the use of
static orthoses.

Exercise Interventions 
for the Wrist and Hand

Techniques for
Musculotendinous Mobility

Active muscle contraction and specific motions of the digits
and wrist are used to maintain or develop mobility between
the multijoint musculotendinous units and other connective
tissue structures in the wrist and hand. Because adhesions 
between the various structures can become restrictive or 
incapacitating, tendon-gliding exercises and tendon-blocking
exercises are used whenever possible to develop or maintain
mobility. This is particularly important when there has been
immobilization after trauma, surgery, or fracture and scar tis-
sue adhesions have developed. If restrictions occur as a result
of scar tissue adherence between tendons or between tendons
and surrounding tissues, mobilization techniques described
in this section may be necessary. General stretching tech-
niques also may be necessary; they are described in the next
section. The tendon-gliding and tendon-blocking exercises
described here may also be used to develop neuromuscular
control and coordinated movement.

Tendon-Gliding and Tendon-Blocking
Exercises
Place-and-Hold Exercises
Place-and-hold exercises are a form of gentle muscle setting
(static/isometric) exercises that are used during the early post-
operative period following tendon repair before active ROM
is initiated but when a minimal level of stress on the repaired
tendon and passive joint movement are beneficial for main-
taining joint mobility and tendon excursion.

■  Following flexor tendon repair, the patient usually wears a
dorsal blocking orthosis39,55,56,57 or a tenodesis ortho-
sis.29,112,134 With the MP joints in flexion, passively place
the IP joints in a partially flexed position and have the pa-
tient hold the position independently for 5 seconds with a
minimum static contraction of the finger flexors.

■  If the patient is wearing a tenodesis orthosis, combine
place-and-hold finger flexion with active wrist extension
(see Fig. 19.13 B and C). Have the patient relax and allow
the wrist to passively flex and the digits to passively 
extend.

■  Following extensor tendon repair, when the volar blocking
orthosis may be removed for exercise, passively position the
joint in the zone of the repair first in a neutral and later in
a slightly extended position utilizing the sagittal band
bridge or relative extension orthoses. Have the patient hold
the position for 5 to 10 seconds. This emphasizes end-range
extension to prevent an extensor lag.
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■  Have the patient practice the exercise with the uninjured
hand or use biofeedback to learn how to hold the position
with a minimum of force production.

Flexor Tendon-Gliding Exercises
Flexor tendon-gliding exercises are designed to maintain or
develop free gliding between the FDP and FDS tendons and
between the tendons and bones in the wrist, hand, and fin-
gers.112 There are five positions in which the fingers move
during tendon-gliding exercises: straight hand (all the joints
are extended); hook fist (MP joints are extended, IP joints are
flexed); full fist (all the joints are flexed); table-top position,
also known as the intrinsic plus hand (MP joints are flexed,
IP joints are extended); and straight fist (MP and PIP joints
are flexed, DIP joints are extended) (Fig. 19.16). The following
progression is suggested:

■  Initiate the exercises with the wrist in neutral position.
■   Once full range of the finger motions is achieved, progress to

doing the gliding\exercises with the wrist in flexion and in
extension to establish combined finger and wrist mobility.

■  Full excursion and tendon-gliding of all the extrinsic mus-
cles are accomplished by starting with the wrist and fingers
in full extension, then moving to full wrist and finger flex-
ion, and then reversing the motion.

Full fist. Have the patient move to the full fist position by
flexing all the MP and IP joints simultaneously (Fig. 19.16 C).
Maximum gliding of the profundus tendon with respect to
the sheath and bone as well as over the superficialis tendon
occurs.

Straight fist. Have the patient move from the table-top 
position (Fig. 19.16 D) to the straight fist position by flexing
the PIP joints while maintaining the DIP joints in extension
(Fig. 19.16 E). Maximum gliding of the superficialis tendon
occurs with respect to the flexor sheath and bone.

Thumb flexion. Have the patient flex the MP and IP joints
of the thumb full range. This promotes maximum gliding of
the flexor pollicis longus.

Flexor Tendon-Blocking Exercises
Blocking exercises for the flexor tendons (Fig. 19.17) not only
develop gliding of the tendons with respect to the sheaths and
related bones; they also require neuromuscular control of 
individual joint motions. Therefore, they use the mobility
gained by the flexor tendon-gliding exercises and are a pro-
gression of the flexor tendon-gliding exercises. Progress to man-
ual resistance as the tissues heal and can tolerate resistance.
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FIGURE 19.16 The five finger positions used for flexor tendon-gliding
exercises: (A) straight hand, (B) hook fist, (C) full fist, (D) table top
(intrinsic plus), and (E) straight fist.

Hook-fist position. Have the patient move from the straight
hand to the hook-fist position by flexing the DIP and PIP
joints while maintaining MP extension (Fig. 19.16 A and B).
Maximum gliding occurs between the profundus and super-
ficialis tendons and between the profundus tendon and the
bone. (There is also gliding of the extensor digitorum ten-
dons; this motion is used with the extensor gliding exercises.)

A

B

C

FIGURE 19.17 Flexor tendon blocking exercises: (A) isolated MP
flexion of one digit, (B) isolated PIP flexion (flexor digitorum superfi-
cialis) of one digit, and (C) isolated DIP flexion (flexor digitorum 
profundus) of one digit.

PRECAUTION: These exercises should not be used in the
early stages of flexor tendon healing after repair because of the
stress placed on the tendons.

Patient position and stabilization: Sitting with the fore-
arm supinated and the back of the hand resting on a table.
The opposite hand provides stabilization and “blocking”
against unwanted movement. Each finger performs the exer-
cise separately.
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Isolated MP flexion (lumbricals and palmar interossei).
With the patient’s hand stabilized, have the patient flex only
the MP joint of one digit (Fig. 19.17 A). If necessary, stabilize
the rest of the fingers in extension against the table with the
other hand. With improved control, the hand does not have
to be stabilized against the table.

PIP flexion (flexor digitorum superficialis). Have the 
patient stabilize the proximal phalanx of one digit with 
the opposite hand and, if possible, flex just the PIP joint of
the one digit while keeping the DIP joint extended and the
rest of fingers on the table (Fig. 19.17 B).

If the patient has difficulty doing this, stabilize the other
digits in extension with the opposite hand.

DIP flexion (flexor digitorum profundus). Have the 
patient attempt to flex just the distal phalanx (Fig. 19.17 C).
Stabilize the middle phalanx of one digit with the other hand.
Vary this exercise by increasing the range of MP and PIP flex-
ion to the point at which the patient just begins to lose DIP
motion; stabilize in this position and have the patient attempt
DIP flexion.

Full fist. When full independent tendon-gliding is available,
the patient should be able to make a full fist. Progress the 
exercises described by adding resistance.

Exercises to Reduce an Extensor Lag
The extrinsic finger extensors (extensor digitorum , extensor 
indicis, and extensor digiti minimi) are more superficial than
the flexor tendons and therefore more easily damaged. Their
prime function is to extend the MP joints. Extension of the IP
joints requires active interaction with the intrinsic muscles of
the hand via the extensor mechanism. Adhesions within their
sheaths at the wrist or between tendon and bone restrict 
tendon-gliding both proximally (restricting active finger exten-
sion) and distally (restricting active and passive finger flexion).

When full passive range of extension is available but the per-
son cannot actively move the joint through the full range of 
extension, it is called an extensor lag. An extensor lag can occur
as the result of weakness but is frequently caused by adhesions
that prevent gliding of the tendons when the muscles contract.

One purpose of the following exercises is to maintain 
mobility and thus prevent adhesions. The exercises also are
used to regain control of finger extension. Mobilization of 
adhesions is described immediately following the differential
gliding of extensor tendon exercises. Stretching techniques are
described in the next section.

Isolated MP extension. Have the patient move from the
full fist position (see Fig. 19.16C) to the hook-fist position
(see Fig. 19.16 B).

■  If the patient has difficulty maintaining the IP joints in flex-
ion, have him or her hook the fingers around a pencil while
extending the MP joints.

■  Begin with the wrist in neutral and progress to positioning
the wrist in flexion and extension while performing MP 
extension.

Isolated PIP and DIP extension. Extension of the IP joints
requires intrinsic and extrinsic muscle (extensor digitorum )
control.

■  For strongest participation of the lumbricals, stabilize the
MP joint in flexion while the patient attempts IP extension,
moving from the full fist position (see Fig. 19.16 C) to the
table-top position (see Fig. 19.16 D).

■  Progress to stabilizing the palm of the hand on the edge of
a table (or block) with the PIP or DIP joint partially flexed
over the edge.

■  Have the patient extend the involved phalanx through
the ROM.

Terminal-range extension of IP joints. Progress to the 
terminal range by stabilizing the entire hand, palm side down
on a flat surface, and have the patient extend the involved 
phalanx into hyperextension. If there is not enough range
available, place a pencil or block under the proximal phalanx
or middle phalanx so the PIP or DIP joint can go through a
greater range (Fig. 19.18). 

Extensor Tendon-Gliding Exercises
Differential gliding of the extensor digitorum tendons to each
of the fingers can be achieved by the following progression.

■  Teach the patient to passively flex the MP and IP joints of
one finger with the opposite hand while actively maintain-
ing the other fingers in extension.

■  If the patient has difficulty doing this, begin with the in-
volved hand resting on a table with the palm up. Stabilize
three of the four fingers against the table while passively
flexing one of the digits (Fig. 19.19). Then instruct the 
patient to attempt to actively keep the fingers against the
table while one of the digits is passively flexed. 

■  Progress by having the patient actively maintain the fingers
in extension with the fingers spread out and then actively
flex each finger in turn while the other fingers remain 
extended.

■  Have the patient flex the middle and ring fingers while
maintaining extension of the index and little fingers
(long horn sign). This promotes isolated control of the
extensor indicis and extensor digiti minimi tendons 
and promotes their gliding on the extensor digitorum
tendons.
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FIGURE 19.18 Terminal extension of the PIP joint. The MP joint is
stabilized in extension, and the patient lifts the middle and distal 
phalanges off the table.
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Scar Tissue Mobilization for Tendon
Adhesions
Ideally, the tendon-gliding exercises described previously in
this section maintain or develop mobility between the long
tendons and surrounding connective tissues or within their
sheaths. However, when there has been inflammation and 
immobilization during the healing process following trauma
or surgery, scar tissue adhesions may form and prevent gliding
of the tendons. Contraction of the muscle does not result 
in movement of the joint or joints distal to the site of the 
immobile scar.

Techniques to mobilize the adhesive scar tissue include the
application of friction massage directly to the adhesion. This
is superimposed on active and passive stretching techniques
(described in the next section) and the tendon-gliding tech-
niques already described. To apply friction massage, hold the
tendon in its lengthened position; apply pressure with your
thumb, index, or middle finger and massage perpendicular to
the tendon and longitudinally in proximal and distal direc-
tions. A sustained force against the adhesion allows for creep
and eventual movement of the scar. Techniques to mobilize
the flexor and extensor tendons follow.

To Mobilize the Long Finger Flexor Tendons
Adhesions between the flexor tendons and their sheaths or 
between tendons and underlying bones restrict tendon-gliding
in both a proximal and distal direction so the joints distal to
the scar do not flex when the muscle contracts. Passive move-
ment into flexion of the joints distal to the adherent scar is pos-
sible if there are no capsular restrictions. Full range of extension
of the joints distal to the scar is not possible actively or passively
owing to the inability of the tendon to glide distally.

The following is a suggested progression in intensity of
scar tissue mobilization:

■  Begin the stretching routine by passively moving the ten-
don in a distal direction by extending the finger joints as
far as possible and applying a sustained hold to allow for
creep. Follow this with active contraction of the flexor
muscle to create a stretch force against the adhesion in 
a proximal direction using the patterns of movement 
described for tendon-gliding exercises (see Fig. 19.16).

■  If active and passive stretching, described in the above
technique, does not release the adhesion, extend the MP
and IP joints as far as allowed, stabilize them, and apply
friction massage with your thumb or finger at the site of
the adhesion while the tendon is held in its stretched 
position. Apply the massaging stretch force across the
tendon and in a longitudinal direction, both proximally
and distally. When applying friction massage in a proxi-
mal direction, ask the patient to simultaneously contract
the flexor muscle in order to superimpose an active
stretch force.

■  After friction massage, have the patient repeat the flexor
tendon-gliding exercises to utilize any gained mobility.

To Mobilize the Extensor Tendons 
and the Extensor Mechanism
If the extensor tendons or extensor mechanism has restricted
mobility because of adhesions, muscle action is not transmit-
ted through the mechanism to extend the joint or joints distal
to the restriction. Without free gliding, an extensor lag may
result. As defined earlier, an extensor lag is the loss of active
extension when there is full passive extension. The following
is a progression in intensity of scar tissue mobilization:

■  Stretch the adhesion in a distal direction by passively
flexing the joint distal to the site. Follow this by having the
patient attempt to actively extend the joint and put tension
on the scar in a proximal direction.

PRECAUTION: If the extensor lag increases (i.e., flexion in-
creases, but there is no active extension through the increased
range), the tendon distal to the adhesion, rather than the adhe-
sion, may be stretching. Do not continue with passive stretching
into flexion, but rather emphasize friction massage applied to
the scar tissue.

■  Apply friction massage at the site of the adhesion with the
tendon kept taut by holding the joint at the end of its range
of flexion. Apply friction massage across the fibers and in
a distal and proximal direction. When applying friction
massage in a proximal direction, have the patient actively
contract the extensors to assist with the mobilization 
effort.

■  Follow these mobilization techniques with extensor tendon-
gliding exercises, as described in the previous section.

Exercise Techniques 
to Increase Flexibility 
and Range of Motion

Stretching the muscles and connective tissue structures of
the wrist and hand requires knowledge of the unique
anatomical relationships of the multijoint musculotendinous
units and the extensor mechanism of the digits. These are
described in the first section of this chapter. The principles
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FIGURE 19.19 Differential gliding of the extensor digitorum ten-
dons. Move each digit into flexion while stabilizing the other digits 
in extension.
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and techniques of stretching are presented in Chapter 4, and
special note is made of the importance of stabilization when
stretching the multijoint muscles of the hand and fingers.
This is re-emphasized here. In addition, because scarring and
adhesions can restrict tendon-gliding and therefore motion
of the digits, it is important to recognize these restrictions
and utilize specific techniques that address the adhesions as
presented in the previous section. Before stretching muscle
or connective tissue, there should be normal gliding of the
joint surfaces to avoid joint damage. Use joint mobilization
techniques to stretch the joint capsule and restore gliding (see
Chapter 5).

NOTE: The patient position for most wrist and hand exercises
is sitting with the forearm supported on a treatment table 
unless otherwise noted.

General Stretching Techniques
When stretching to increase wrist flexion or extension, it is
important that the fingers are free to move so the extrinsic
finger flexor and extensor musculotendinous units do not 
restrict motion at the wrist. Similarly, when stretching liga-
ments and other periarticular connective tissues across indi-
vidual finger joints, it is important that there is no tension 
on the multijoint tendons. The following techniques are ini-
tially applied by the therapist and then are taught to the 
patient as self-stretching techniques for a home exercise pro-
gram when he or she understands how to safely apply the
stretch force and stabilization.

To Increase Wrist Extension
■  Have the patient place the palm of the hand on a table with

the fingers flexed over the edge. Use the other hand to sta-
bilize the dorsal surface of the hand to maintain the palm
against the table. Then have the patient move the forearm
up over the stabilized hand (similar to Fig. 19.21 except the
fingers are over the edge of the table so they are free to flex
and the stretch occurs only at the wrist).

■  Have the patient place the palms of the hands together at
right angles to each other and allow the fingers to inter-
twine and flex. Instruct the patient to press the restricted
hand in a dorsal direction with the palm of the other hand
and sustain the stretch.

To Increase Wrist Flexion
■  Have the patient place the dorsal surface of the hand on a

table. Use the other hand to provide stabilization against
the palm of the hand. Have the patient move the forearm
up over the stabilized hand.

■  Have the patient sit with the forearm pronated and resting
on a table and the wrist at the edge of the table. Press
against the dorsal surface of the hand with the opposite
hand to flex the wrist.

■  Have the patient place the dorsum of both hands together.
Then, with the fingers relaxed, move the forearms so the
wrists flex toward 90°.

To Increase Flexion or Extension of Individual
Joints of the Fingers or Thumb
To increase extension at any one joint, begin by positioning
the patient’s forearm on a table in supination; to increase flex-
ion, position the forearm in pronation. Place the phalanx to
be stretched at the edge of the table. Show the patient how to
apply the stretch force against the distal bone while stabilizing
the proximal bone against the table.

Stretching Techniques for the
Intrinsic and Multijoint Muscles
Self-Stretching the Lumbricals and Interossei
Muscles
Have the patient actively extend the MP joints, flex the 
IP joints, and apply a passive stretch force at the end of the
range with the opposite hand (Fig. 19.20A). 

Self-Stretching the Interossei Muscles
Have the patient place the hand flat on a table with the palm
down and the MP joints extended. Instruct the patient to
abduct or adduct the appropriate digit and apply the stretch
force to the distal end of the proximal phalanx. Holding the
adjacent digit provides stabilization.

Self-Stretching the Adductor Pollicis
Have the patient rest the ulnar border of the hand on the table
and palmarly abduct the thumb.Instruct the patient to apply
the stretch force with the crossed thumb and index or long
finger of the other hand against the metacarpal head of the
thumb and index finger and attempt to increase the web space
(Fig. 19.20 B).

PRECAUTION: It is critical that the patient does not apply the
stretch force against the proximal or distal phalanx. This places
stress on the ulnar collateral ligament of the MP joint of the
thumb and can lead to instability at that joint and poor func-
tional use of the thumb. Palmar and radial abduction occur at
the CMC joint at the articulation between the metacarpal and
the trapezium.
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A B

FIGURE 19.20 Self-stretching (A) the lumbricals with MP extension
and IP flexion and (B) the adductor pollicis with CMC abduction of
the thumb. To increase thumb abduction, it is critical that the stretch
force is applied against the metacarpal head, not the proximal or 
distal phalanges.
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Manual Stretching of the Extrinsic Muscles
Because they are multijoint muscles, the final step in a stretch-
ing progression is to elongate each tendon of the extrinsic
muscles over all the joints simultaneously. However, do not
initiate stretching procedures in this manner because joint
compression and damage can occur to the smaller or less 
stable joints. Begin by allowing the wrist and more proximal
finger joints to relax; stretch the tendon unit over the most
distal joint first. Stabilize the distal joint at the end of the
range, and then stretch the tendon unit over the next joint.
Next, stabilize the two joints and stretch the tendon over the
next joint. Progress in this manner until the desired length is
reached.

PRECAUTION: Do not let the PIP and MP joints hyperextend
as the tendons are stretched over the wrist.

Self-Stretching the Flexor Digitorum
Profundus and Superficialis
Have the patient begin by resting the palm of the involved
hand on a table; then extend the DIP joint, using the other
hand to straighten the joint. While keeping it extended, have
the patient straighten the PIP and MP joints in succession. 
If the patient can actively extend the finger joints to this point,
the motion should be performed unassisted. With the hand
stabilized on the table, have the patient then begin to extend
the wrist by bringing the arm up over the hand. The patient
moves just to the point of feeling discomfort, holds the posi-
tion, and then progresses as the length increases (Fig. 19.21). 

simultaneously flexed. The opposite hand applies the stretch
force.

Exercises to Develop and
Improve Muscle Performance,
Neuromuscular Control, and
Coordinated Movement

Exercises described in this section are for use during the con-
trolled motion and return to function phases of rehabilitation
when the tissues are in the subacute and chronic stages of
healing and require only moderate or minimum protection.
In addition to the conditions already described in this chapter,
imbalances in the length and strength of the wrist and hand
muscles may be caused by nerve injury, trauma, disuse, or
immobilization.

Appropriate exercises to develop fine finger dexterity or
strength and muscular endurance for strong or repetitive
gripping can be selected from the following exercises or their
adaptations. The flexor tendon-blocking exercises and exten-
sor tendon-gliding exercises described previously in this sec-
tion may be used to strengthen the musculature by adding
resistance manually or mechanically. Exercises for shoulder,
elbow, and forearm strength and muscular endurance also
should be included to restore proper function in the upper
extremity.

Techniques to Strengthen Muscles 
of the Wrist and Hand
If the musculature is weak, use progressive strengthening 
exercises, beginning at the level of the patient’s ability. Use 
active-assistive, active, or manual resistance exercises as 
described in Chapters 3 and 6 of this text. Use mechanical 
resistance to progress strengthening exercises.

To Strengthen Wrist Musculature
Allow the fingers to relax. Exercise the wrist muscles in groups
if their strength is similar. If one muscle is weaker, the wrist
should be guided through the range desired to minimize the
action of the stronger muscles. For example, with wrist flex-
ion, if the flexor carpi radialis is stronger than the flexor carpi
ulnaris, have the patient attempt to flex the wrist toward the
ulnar side as you guide the wrist into flexion and ulnar devi-
ation. If the muscle is strong enough to tolerate resistance,
apply manual resistance over the fourth and fifth metacarpals.

Wrist flexion (flexor carpi ulnaris and radialis) and 
extension (extensor carpi radialis longus and brevis
and extensor carpi ulnaris). Have the patient sit with the
forearm supported on a table, grasping a weight or elastic
resistance that is secured on the floor. The forearm is
supinated to resist flexion or pronated to resist extension
(Fig. 19.22). 
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FIGURE 19.21 Self-stretching of the extrinsic finger flexor mus-
cles, showing stabilization of the small distal joints. To isolate
stretch to the wrist flexors, allow the fingers to flex over the 
edge of the table.

Self-Stretching the Extensor Digitorum 
The fingers are flexed to the maximum range, beginning with
the most distal joint first and progressing until the wrist is 
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Wrist radial deviation (flexor and extensor carpi radialis
muscles and abductor pollicis longus) and ulnar devia-
tion (flexor and extensor carpi ulnaris muscles). While
standing, have the patient hold a bar with a weight on one
end. To resist radial deviation, the weight is on the radial side
of the wrist (Fig. 19.23A); to resist ulnar deviation, the weight
is on the ulnar side of the wrist (Fig. 19.23 B). 

Functional progression for the wrist. Progress to controlled
patterns of motion requiring stabilization of the wrist for
functional hand activities such as repetitive gripping, picking
up and releasing objects of various sizes and weights, and
opening and closing the screw lid on a jar. Develop muscular
endurance and progress to the desired functional pattern by

loading the upper extremity to the tolerance of the wrist sta-
bilizers. When the stabilizers begin to fatigue, stop the activity.

CLINICAL TIP
Functional progression of exercises for the wrist and hand
should incorporate the entire upper extremity. When per-
forming shoulder, elbow, or forearm exercises, emphasize safe
wrist patterns of motion or wrist stabilization (i.e., do not let
the wrist collapse into end-range flexion or extension).

To Strengthen Weak Intrinsic Musculature
NOTE: Imbalance from weak intrinsic muscles leads to a
claw hand.

MP joint flexion with IP joint extension (lumbricals).
Begin with the MP joints stabilized in flexion. Have the 
patient actively extend the PIP joint against resistance along
the middle phalanx (the final position is table top). Increase
the resistance by resisting the distal phalanx. Resistance may
be applied manually or with rubber bands.

■  Have the patient start with the MP joints extended and the
PIP joints flexed; then actively push the fingertips outward,
performing the desired combined motion (Fig. 19.24A
and B). For resistance, have the patient push the fingers into
the palm of the other hand (Fig. 19.24C), or push the 
fingers into exercise putty with the desired motion. 
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FIGURE 19.22 Mechanical resistance to strengthen wrist extension.
Note that the forearm is pronated. To resist wrist flexion, the forearm
is supinated.

FIGURE 19.23 Mechanical resistance to strengthen (A) radial devi-
ation and (B) ulnar deviation of the wrist using a weighted bar.

A B C

FIGURE 19.24 To strengthen intrinsic muscle function for combined
MP flexion and IP extension, the patient begins with (A) MP exten-
sion and IP flexion and (B) pushes his fingertips outward. The same 
motion is resisted by (C) pushing the fingertips against the palm 
of the other hand.

■  Begin with all the finger joints extended. Have the patient
maintain the IP joints in extension and flex the MP joints
to the table-top position. Apply resistance against the prox-
imal phalanx.

Isolated or combined abduction/adduction of each finger
(dorsal and volar interossei). Have the patient rest the palm
of the hand on a table. Apply resistance at the distal end of
the proximal phalanx, one finger at a time, for either abduc-
tion or adduction.

■  For self-resisted adduction, have the patient interlace the
fingers of both hands (or intertwine with your fingers) 
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and squeeze the fingers together or squeeze exercise putty
between two adjacent fingers.

■  For self-resisted abduction, place a rubber band around
two digits and have the patient spread them apart.

Palmar abduction of the thumb (abductor pollicis brevis
and longus). Have the patient rest the dorsum of the hand
on a table. Apply resistance at the base of the first phalanx of
the thumb as the patient lifts the thumb away from the palm
of the hand.

■  Place a rubber band or band of exercise putty around the
thumb and base of the index finger and have the patient
abduct the thumb against the resistance.

Opposition of the thumb (opponens policis). Have the 
patient use various prehension patterns such as tip-to-tip and
tip-to pad, with the thumb opposing each digit in succession,
and pad-to-side, with the thumb approximating the lateral
side of the index finger.

■  Have the patient pinch exercise putty, a pliable ball, or a
spring-loaded clothespin.

To Strengthen Weak Extrinsic Muscles 
of the Fingers
NOTE: The wrist must be stabilized for the action of the extrin-
sic hand musculature to be effective. If wrist strength is inade-
quate for stabilization, manually stabilize it during exercises and
use an orthosis for functional activities.

Metacarpophalangeal extension (extensor digitorum, 
indicis, and digiti minimi). Place the hand on a table with
the palm down and digits over the edge. Place a small strap
over the distal end of the proximal phalanx with a small
weight hanging from it or secure an elastic band or tubing
around the proximal phalanx and have the patient extend the
MP joint.

IP flexion (flexor digitorum profundus and superfi-
cialis). Have the patient apply self-resistance by starting
with the hands pointing in opposite directions and placing
the pads of each finger of one hand against the pads of each
finger of the other hand (or against your hand) and then curl
the fingers against the resistance provided by the other hand
(Fig. 19.25).

Mechanical Resistance Techniques 
for Combined Intrinsic and Extrinsic 
Muscle Function
NOTE: Proper stabilization is important; either the patient’s
stabilizing muscles must be strong enough or the weakened
areas must be supported manually. If a weight causes stress
because the patient cannot control it, the exercise is detrimen-
tal rather than beneficial.

Towel or newspaper crumple. Spread a towel out on a table.
Have the patient place the palm of the hand down at one end
of the towel and crumple the towel into the hand while main-
taining contact with the heel of the hand. The same exercise
can be carried out by placing a stack of newspapers under the
hand. The patient crumples the top sheet into a ball, tosses it
into a basket for coordination and skill practice, and repeats
the exercise with each sheet in succession.

Disk weight resistance. Have the patient grasp a disk weight
in the manner described in each of the following exercises:

■  With the forearm pronated (palm down), pick up the disk
with the tips of all five digits spread around the outer edge.
Have the patient hold the position for isometric resistance.
To increase the effect of the resistance to the flexors, have
the patient extend one digit at a time.

■  Pick up the side of the disk with either tip-to-tip or pad-
to-pad prehension of thumb and fingers.

■  With the hand palm down on a table, place the disk on the
dorsum of the fingers; then lift the disk by hyperextending
the fingers.

Other resistance aids. Resistive devices, such as putty, spring-
loaded hand exercisers, and various grades and sizes of soft
balls, can be used for specific muscles or general strengthening.
Observe the pattern used by the patient and be sure he or she
does not substitute or develop damaging forces.

Dexterity and Functional Activities
Fine-Finger Dexterity
Functional use of the hand for manipulating small objects or
skillfully controlling delicate devices requires use of the
thumb in opposition to the index and middle fingers. Have
the patient perform activities such as picking up small objects
of various sizes, twisting nuts on and off bolts, drawing, writ-
ing, tying a string or ribbon, opening and closing small bottles
or boxes, and typing on a keyboard.

Functional Activities
Progress to specific activities needed for ADLs, work, hobbies,
or recreational function. For the patient to return to inde-
pendent function using the hand, he or she must not only
have neuromuscular control and strength, but must also have
muscular endurance, coordination, and fine finger dexterity
for the desired activity. This requires careful questioning and
analysis of the patient’s desired outcomes. Consider each of
the power grips and prehension patterns and adapt the exer-
cises to meet the goals.
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FIGURE 19.25 Self-resistance to strengthen extrinsic finger flexor
muscles.
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Independent Learning Activities

Critical Thinking and Discussion
1. Review all of the power grips and prehension patterns and

identify the primary muscles that function when perform-
ing each action.

2. Summarize the sensory and motor impairments, deformi-
ties, and associated activity limitations and/or participa-
tion restrictions that may occur in the wrist and hand as
the result of a lesion of (1) the median nerve, (2) the radial
nerve, and (3) the ulnar nerve.

3. Differentiate between a boutonnière deformity and a
swan-neck deformity of the fingers. What are the under-
lying factors that contribute to these deformities? After
surgical repair of each of these deformities, how should an
exercise program be designed to increase hand function
but prevent recurrence of these deformities?

4. Identify key structures by the zone in the hand and wrist
that could be damaged as the result of a laceration at each
zone of the dorsal and volar aspects of the hand and wrist.
What functional impairments occur as the result of dam-
age in each zone?

5. Make a case for the use of early controlled motion after
surgical repair of a flexor or extensor tendon injury. Ex-
plain the key features of different approaches to the use of
early motion in an exercise program. Also identify circum-
stances in which the use of early controlled motion would
be inadvisable or not possible.

6. Analyze and summarize the similarities and differences in
the components and progression of exercise programs after
flexor or extensor tendon repairs using early controlled 
mobilization versus delayed mobilization approaches.

Laboratory Practice
1. Mobilize each forearm, wrist, and finger joint with joint

mobilization and passive stretching techniques (refer to
Chapters 4 and 5).

2. Practice each tendon-gliding exercise and identify the pur-
pose for each one.

3. Teach your partner strengthening exercises for each muscle
or muscle group in the hand using resistance putty.

4. Identify three alternative resistance devices that can be used
to strengthen each muscle and pattern of motion in the hand.

5. Observe someone tying laces on a shoe, identify the mus-
cles functioning, and design an exercise program that
could be used to develop neuromuscular control or
strengthen each of the muscles.

Case Studies
1. A patient is referred to you early in the development of

symptoms that stem from RA. He currently is in remission

after his first serious flare of the disease and desires a home
exercise program to safely improve the use of his hands.
He is a sales associate who travels frequently. He keeps his
records on a computer. His grip strength is reduced 50%;
he has 25% loss of joint ROM and decreased joint play in
the wrist, MP, and IP joints. Detectable synovial hypertro-
phy is minimal, and there are no joint subluxations. Con-
sider what precautions should be followed with this disease
to prevent the deforming forces of improperly applied ex-
ercises and daily forces. Establish a program of interven-
tion for this patient.

2. A patient is referred to you 2 months after a distal radius
fracture. Her hand is swollen and sensitive to touch, and
she currently is developing contractures and weakness in
the hand related to complex regional pain syndrome
(CRPS) (see Chapter 13). Joint contractures exist in the
forearm, wrist, and hand. You determine that the patient
is in the second stage of the disease. Establish a plan for 
intervention.

3. A patient with RA who has just undergone MP implant
arthroplasties of the ring and small fingers has been re-
ferred to you for an exercise program. For the past 4 weeks,
the patient has been wearing a dynamic extension orthosis
that allows active MP flexion and assists MP extension. The
patient is now allowed to remove the orthosis for active
ROM of the wrist and hand. Your examination reveals that
the patient has an extensor lag and also has restricted flex-
ion of the fingers. Design and progress an exercise program
for this patient. What precautions should be incorporated
into each phase of the program?

4. A patient who underwent a ligament reconstruction ten-
don interposition arthroplasty for posttraumatic arthritis
of the CMC joint of the thumb 4 weeks ago has been 
referred to you. The thumb spica cast was removed at 
31⁄2 weeks postoperatively, and the patient is now wearing
a thumb spica orthosis that may be removed for exercise.
Develop and progress an exercise program for the patient.
The patient has already returned to his or her position in
an office. The patient would like to be able to resume golf
on a recreational basis.

5. An 8-year-old child who sustained a zone III laceration of
the volar aspect of the index and middle fingers of the
nondominant hand while carving a pumpkin has been 
referred to you after surgical repair of the FDP and FDS
tendons. The child’s hand has been immobilized in a cast
for 3 weeks after the repair in a position of wrist and finger
flexion. The child is now wearing a dorsal blocking ortho-
sis that may be removed for exercise. The child’s active 
and passive extension is significantly limited. Design and
progress an exercise program for this child. Identify activ-
ities that the child must do under direct supervision and
those that he or she may do independently.
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The Hip
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The hip is similar to the glenohumeral joint in that it is a tri-
axial joint, functions in all three planes, and is the proximal
link to its extremity. In contrast to the highly mobile shoulder,
however, the hip is a stable joint that is adapted for upright
standing and weight bearing activities. At the same time, at
least 120° of hip flexion and 20° each of abduction and external
rotation are necessary to carry out activities of daily living
(ADLs) in what is considered a “normal” manner.120 Because
forces from the lower extremities are transmitted upward
through the hips to the pelvis and trunk during gait and other
lower extremity activities, and because the hips support the

weight of the head, trunk, and upper extremities, the health of
the hip joint is vital for most functional activities. 

This chapter is divided into three major sections. The first
section briefly reviews the anatomy and function of the hip and
its relation to the pelvis, lumbar spine, and knee. The second
section describes common disorders of the hip and provides
guidelines for conservative and postoperative management, 
expanding on the information and principles of management
presented in Chapters 10 through 13. The reader should be 
familiar with that material as well as the components of a 
comprehensive examination of the hip and pelvis before 
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reaction forces to the acetabulum of the pelvis. In the frontal
plane, the angle of inclination (normally 125°) between the
axis of the femoral neck and the shaft of the femur allows a
bending moment to attenuate these forces, and there is a slight
anterior bowing of the shaft in the sagittal plane that also helps
absorb and transmit force.93 Similar to the humerus, there is
an angle of torsion of the femur formed by the transverse axis
of the femoral condyles and the axis of the neck of the femur.
This angle ranges from 8° to 25°, with an average angle of 12°. 

Hip Joint Characteristics 
and Arthrokinematics
Characteristics
The hip is a ball-and-socket (spheroidal) triaxial joint made
up of the head of the femur and acetabulum of the pelvis. It
is supported by a strong articular capsule that is reinforced
by the iliofemoral, pubofemoral, and ischiofemoral ligaments.
The two hip joints are linked to each other through the bony
pelvis, which is integrated with the vertebral column through
the sacroiliac and lumbosacral joints.93

Articular Surfaces
The concave bony surface of the hip joint, the acetabulum, is
located in the lateral aspect of the pelvis and is oriented lat-
erally, anteriorly, and inferiorly (see Fig. 20.1). The concavity
is deepened by a ring of fibrocartilage, the acetabular labrum.
The articular cartilage of the acetabulum is horseshoe shaped
and thicker in the lateral region, where the major weight-
bearing forces are transmitted. The central portion of the 
acetabular surface is nonarticular.

The convex bony surface is the spherical head of the femur,
which is attached to the femoral neck. The neck and head of
the femur project anteriorly, medially, and superiorly.

Ligaments
Three ligaments reinforce the joint capsule: the iliofemoral and
pubofemoral ligaments are located anteriorly (Fig. 20.2 A), 
and the ischiofemoral ligament is located posteriorly 
(Fig. 20.2 B).93,117,121
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determining a diagnosis and establishing a therapeutic exercise
program. The third section describes exercise interventions
commonly used to meet the treatment goals for the hip region.

Structure and Function 
of the Hip

The pelvic girdle links the lower extremity to the trunk and
plays a significant role in the function of the hip as well as the
spinal joints. The proximal femur and the pelvis comprise the
hip joint (Fig. 20.1). The unique characteristics of the pelvis
and femur that affect hip function are reviewed in this section.
The function of the pelvis with respect to spinal mechanics is
described in greater detail in Chapter 14. 

Sacroiliac
joint

Sacrum

Hip
joint

Pubic
symphysis

Ilium

Pubis

Femur

Ischium

FIGURE 20.1 Bones and joints of the pelvis and hip.

Anatomical Characteristics
of the Hip Region

Bony Structures
The structure of the pelvis and femur are designed for weight
bearing and transmitting proximally and distally generated
forces through the hip joint.

The Pelvis
Each innominate bone of the pelvis is formed by the union
of the ilium, ischium, and pubic bones and therefore is a
structural unit. The right and left innominate bones articulate
anteriorly with each other at the pubic symphysis and poste-
riorly with the sacrum at the two sacroiliac joints.93 Slight
motion occurs at these three joints to help attenuate forces
transmitted through the pelvic region, but the pelvis basically
functions as a unit in a closed chain.

The Femur
The shape of the femur is designed to manage the effect of
gravity on the head, arms, and trunk and to transmit ground

Iliofemoral
ligament Iliofemoral

ligament

Pubofemoral
ligament

Ischiofemoral
ligamentA B

FIGURE 20.2 Ligaments supporting the hip joint. (A) Anterior view.
(B) Posterior view.
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There is general agreement in the literature that all three
capsular ligaments limit excessive extension of the hip, and
the iliofemoral ligament, also known as the Y ligament of
Bigelow, is the strongest of the three.64,93,117,121 In addition to
their ability to limit extension, additional motions are limited
by each individual ligament. The iliofemoral ligament, which
reinforces the anterior portion of the capsule, is also thought
to limit external rotation of the hip.117,121 The pubofemoral
ligament, which supports the inferior as well as anterior por-
tion of the capsule, is believed to limit abduction.117,121 Lastly,
the ischiofemoral ligament, reinforcing the posterior aspect
of the capsule, may also limit internal rotation and may limit
adduction when the hip is flexed.64,117,121

Arthrokinematics of the Hip Joint
During many activities, such as squatting, walking, or doing
leg-press exercises, both the pelvis and femurs are moving.
Therefore, joint mechanics can be described by the movement
of the femur in the acetabulum or by the pelvis on the femur.

Motions of the femur. The convex femoral head slides in the
direction opposite the physiological motion of the femur. Thus,
with hip flexion and internal rotation, the articulating surface
slides posteriorly; with extension and external rotation, it slides
anteriorly; with abduction, it slides inferiorly; and with adduc-
tion, it slides superiorly.The arthrokinematics are summarized
in ONLINE Box 20.1 available on the FA Davis website. 

Motions of the pelvis. When the lower extremity is stabilized
distally, as when standing or during the stance phase of gait,
the concave acetabulum moves on the convex femoral head 
in the same direction as the pelvic motion. The pelvis is a link
in a closed chain; therefore, when the pelvis moves, there is
motion at both hip joints as well as at the lumbar spine.

Influence of the Hip Joint on Balance
and Posture Control
The joint capsule is richly supplied with mechanoreceptors
that respond to variations in position, stress, and movement
to control posture, balance, and movement. Reflex muscle
contractions of the entire kinematic chain, known as balance
strategies, occur in a predictable sequence when standing bal-
ance is disturbed and regained. Joint pathologies, restricted
motion, or muscle weakness can impair balance and postural
control. Refer to Chapter 8 for an in-depth discussion of these
concepts.

Functional Relationships 
in the Hip Region

The hip functions in both nonweight-bearing and weight-
bearing activities, requiring the muscles to move the femur
or control the femur and pelvis as outside forces are imposed
on the region.

Motions of the Femur and Muscle
Function
Femur motions and muscle actions are typically described as
occurring in the three primary planes: flexion/extension in
the sagittal plane, abduction/adduction in the frontal plane,
and internal/external rotation in the transverse plane. Most
of the muscles at the hip can produce motion in several
planes. The primary and secondary actions of the hip muscles
are summarized in Table 20.1.63,93,118
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TABLE 20.1 Muscles of the Hip: Open-Chain (Nonweight-Bearing) Function

Secondary Movers (action depends on hip 
Action Prime Movers joint position)

Flexion

Extension

■ Iliopsoas
■ Rectus femoris (also extends knee)
■ Tensor fasciae latae (also abducts

and internally rotates hip and
maintains tension in iliotibial band)

■ Sartorius (also abducts and
externally rotates hip and flexes
and internally rotates knee)

■ Gluteus maximus (also externally
rotates hip; superior fibers insert
into iliotibial band)

■ Hamstrings: long head of biceps
femoris, semitendinosus, semi -
membranosus (also flex knee)

Pectineus
Adductor longus
Adductor magnus
Gracilis

Gluteus medius (posterior fibers)
Adductor magnus
Piriformis
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Motions of the Pelvis and Muscle
Function
The pelvis is the connecting link between the spine and
lower extremities (Fig. 20.3A). A consequence of pelvis
movement, therefore, is motion at the hip joints and lum-
bar spine articulations. Another consequence of this linked
system is that contraction of the hip musculature will
cause pelvic motion through reverse action. In this case, if
pelvic movement is not desired during femur motion at
the hip joint, the pelvis must be stabilized using the trunk
musculature.

Anterior Pelvic Tilt
The anterior superior iliac spines of the pelvis move anteriorly
and inferiorly and thus closer to the anterior aspect of the
femur as the pelvis rotates forward around the transverse axis
of the hip joints (Fig. 20.3 B). This pelvic motion results in
hip flexion and increased lumbar spine extension.93

■  Muscles causing this motion are the hip flexors and back
extensors.

■  If hip flexion through femur movement is the desired 
motion, the pelvis must be stabilized by the abdominals to
prevent anterior pelvic tilting.

■  During standing, if the line of gravity of the trunk shifts
anterior to the axis of the hip joints, the effect is an anterior
pelvic tilt moment. Stability is provided by the abdominal
muscles and hip extensor muscles.

CHAPTER 20 The Hip 717

Neutral
position

A Posterior
pelvic tilt

B Anterior
pelvic tilt

C

FIGURE 20.3 (A) Neutral position of the pelvis. (B) Anterior 
pelvic tilt. (C) Posterior pelvic tilt. With anterior pelvic tilt, the 
decreased angle between the pelvis and femur results in hip 
flexion, and with posterior pelvic tilt, the increased angle results 
in hip extension.

TABLE 20.1 Muscles of the Hip: Open-Chain (Nonweight-Bearing) Function—cont’d

Secondary Movers (action depends on hip 
Action Prime Movers joint position)

Abduction

Adduction

External (Lateral) Rotation 

Internal (Medial) Rotation 

Note: Prime motions are described from the anatomic position; actions of some muscles change as the hip position changes.

■ Gluteus medius
■ Gluteus minimus
■ Tensor fasciae latae (also flexes hip)

■ Adductor magnus
■ Adductor longus
■ Adductor brevis
■ Gracilis
■ Pectineus

■ Obturator internus and externus
■ Gemellus superior and inferior
■ Quadratus femoris
■ Piriformis
■ Gluteus maximus

No prime movers

Piriformis
Sartorius
Rectus femoris

Biceps femoris (long head)
Gluteus maximus (posterior fibers)
Quadratus femoris
Obturator externus

Gluteus medius (posterior fibers)
Gluteus minimus (posterior fibers)
Sartorius
Biceps femoris (long head)

Gluteus medius (anterior fibers)
Gluteus minimus (anterior fibers)
Tensor fasciae latae
Adductor longus and brevis
Adductor magnus (posterior fibers)
Pectineus
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Posterior Pelvic Tilt
The posterior superior iliac spines of the pelvis move poste-
riorly and inferiorly, thus closer to the posterior aspect of the
femur as the pelvis rotates backward around the axis of the
hip joints (Fig. 20.3 C). This results in hip extension and
lumbar spine flexion.93

■  Muscles causing this motion are the hip extensors and
trunk flexors (abdominals).

■  If hip extension through femur movement is the desired
motion, the lumbar extensors contract to stabilize the pelvis.

■  During standing the line of gravity of the trunk normally
falls posterior to the axis of the hip joints, creating a poste-
rior pelvic tilt moment. Dynamic stability is provided by
the hip flexors and back extensors and passive stability by
the iliofemoral ligament.

Pelvic Shifting
During standing, a forward translatory shift of the pelvis 
results in extension of the hip and extension of the lower
lumbar spinal segments. There is a compensatory posterior
shifting of the thorax on the upper lumbar spine with in-
creased flexion of these spinal segments. This is often 
seen with slouched or relaxed postures (see Fig. 14.18 B in
Chapter 14). Little muscle action is required; the posture is
maintained by the iliofemoral ligament at the hip, anterior
longitudinal ligament of the lower lumbar spine, and pos-
terior ligaments of the upper lumbar and thoracic spine.

Lateral Pelvic Tilt
Frontal plane pelvic motion results in opposite motions at
each hip joint. Pelvic motion is defined by what is occurring
to the iliac crest that is opposite the weight-bearing extremity
(that is, the side of the pelvis that is moving). When one crest
elevates, it is called hip hiking; when it lowers, it is called hip
or pelvic drop. On the side that is elevated, there is hip joint
adduction; on the side that is lowered, there is hip joint 
abduction (Fig. 20.4 A). These pelvic motions also result in

lumbar spine motion, with lateral flexion occurring toward
the elevated crest (convexity of the lateral curve is toward the
lowered side).93

■  Muscles causing lateral pelvic tilting include the quadratus
lumborum on the side of the elevated crest and reverse
muscle pull of the gluteus medius on the stance side hip.

■  When hip abduction through femur movement is the 
desired motion, the pelvis must be stabilized by the lateral
abdominals (internal and external obliques) on the side of
the moving femur. When standing, the stance side gluteus
medius prevents the pelvis from tilting downward.

■   With an asymmetrical slouched posture, the person shifts the
trunk weight onto one lower extremity and allows the pelvis
to drop on the other side. Passive support comes from the 
iliofemoral ligament and iliotibial band on the stance leg side.

■  When standing on one leg, gravity creates an adduction 
moment at the hip, tending to cause the pelvis to drop on
the unsupported side (hip or pelvic drop). This is prevented
by the gluteus medius stabilizing the pelvis on the stance side.

Pelvic Rotation
Pelvic rotation occurs around one lower extremity that is fixed
on the ground. The unsupported lower extremity swings 
forward or backward along with the pelvis. When the unsup-
ported side of the pelvis moves forward, it is called forward
rotation of the pelvis.93 The trunk concurrently rotates in 
the opposite direction, and the hip joint on the stabilized side
rotates internally. When the unsupported side of the pelvis
moves backward, it is called posterior rotation; the hip joint
on the stabilized side concurrently rotates externally, and the
trunk rotates opposite (Fig. 20.4 B). 

■  Muscles causing pelvic rotation are the hip rotators work-
ing in synergy with the oblique abdominal muscles, the
transversus abdominis, and the multifidus.

■  When hip rotation through femur movement is the 
desired motion, the pelvis must be stabilized by the trunk
musculature.

718 Functional Relationships in the Hip Region

Lateral pelvic tiltA Pelvic rotationB

FIGURE 20.4 (A) Lateral pelvic tilt. Elevation of the iliac crest (hip hiking) causes relative adduction of the hip on the elevated side, and lowering
of the iliac crest (hip drop) causes relative abduction of the hip on the lower side. (B) Pelvic rotation. Forward motion (forward rotation) of the pelvis
causes relative external rotation of the hip; and backward motion (posterior rotation) of the pelvis causes relative internal rotation of the hip.
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Pelvifemoral Motion
A combined movement occurs between the lumbar spine and
pelvis during maximum forward bending of the trunk as
when reaching toward the floor or the toes.93 This motion is
also known as lumbopelvic rhythm.26 Although there is con-
siderable variability in the participation of each of the joints,
the motion typically is described as beginning with forward
bending of the head.

■  As the head and upper trunk initiate flexion, the pelvis
shifts posteriorly to maintain the center of gravity over the
base of support.

■  The trunk continues to forward-bend, controlled by the ex-
tensor muscles of the spine, until approximately 45°. At this
point for an individual with relatively normal flexibility,
the posterior ligaments become taut, and the superior
facets of the zygapophyseal joints slide upward, resulting
in passive tension in the facet capsules. 

■  Once all of the vertebral segments are at the end of the
range and stabilized by the posterior ligaments and facets,
the pelvis begins to rotate forward (anterior pelvic tilt),
controlled by the gluteus maximus and hamstring muscles.

■  The pelvis continues to rotate forward until full muscle
length is reached. Final range of motion (ROM) in forward
bending is dictated by the flexibility of the various back ex-
tensor muscles and fasciae as well as hip extensor muscles
(including the hamstrings).

The return to the upright position begins with the hip 
extensor muscles rotating the pelvis posteriorly through re-
verse muscle action (posterior pelvic tilt), then with the back
extensor muscles extending the spine from the lumbar region
upward. Variations in the normal synchronization of this 
activity occur because of training (as with dancers and gym-
nasts), faulty habits, restricted muscle or fascia length, or 
injury and faulty proprioception.

Hip, Knee, and Ankle Functional
Relationships in Weight Bearing
During weight bearing, control of hip positions and motions
affects the alignment and function of the entire lower 
extremity.

Hip flexion/extension. Hip flexion in weight bearing is 
typically accompanied by knee flexion and ankle dorsiflexion.
These actions are controlled by the hip extensor (gluteus 
maximus and hamstrings), knee extensor (quadriceps femoris),
and ankle plantarflexor (gastrocnemius and soleus) muscles.
Hip extension in weight bearing causes knee extension by
pulling the femur posteriorly and contributes to the locking
mechanism at the knee.

Hip abduction/adduction. With unilateral weight bearing,
gravity creates an adductor moment at the hip that is stabilized
by the gluteus medius (preventing pelvic drop). Typically, this
results in a varus moment at the knee, approximating the 
medial knee compartment. However, if the gluteus medius is

weak, there is increased adduction of the femur and increased
valgus moment at the knee, imposing greater stress on the 
medial collateral ligament, medial patellofemoral ligament,
and anterior cruciate ligament.133

Hip rotation. Internal rotation of the hip results in the
femur rotating medially on a fixed tibia at the knee. The force
through the tibia causes eversion of the calcaneus and prona-
tion of the foot when weight bearing. The reverse occurs with
hip external rotation. This total chain response occurs repeat-
edly during the loading and terminal stance phases of gait as
the ground reaction forces are absorbed and the body is
moved forward. A total chain response also occurs during
loading of the extremities when descending stairs or landing
a jump.

Pathomechanics in the Hip Region
Abnormal structure or impaired function of the hip—such
as a leg-length discrepancy, decreased flexibility, or muscle
timing and strength imbalances—can contribute to stress
through the spine or other joints of the lower extremities.

Decreased Flexibility
Decreased flexibility of the structures around the hip joint
may have the effect of weight-bearing forces and movement
being transmitted to the spine rather than being absorbed
by the pelvis. For example, tight hip flexors will cause in-
creased lumbar extension (lordosis) as the thigh extends.
Hip flexion contractures with incomplete hip extension
during weight bearing also place added stresses on the knee
because the knee cannot lock while the hip is in flexion 
unless the trunk is bent forward. During weight bearing,
tight adductors cause pelvic drop opposite to the side of
tightness and compensatory side-bending of the trunk 
toward the side of tightness. The opposite occurs with tight
abductors.

Muscle Weakness
Decreased hip abductor, extensor, and external rotator muscle
strength is associated with valgus collapse at the knee (in-
creased valgus and internal rotation of the femur) during
weight-acceptance activities and may contribute to impair-
ments throughout the lower extremity as described in the
following examples.133

Patellofemoral impairment. Higher valgus moments at the
knee as a result of weak hip abductors have been associated
with patellofemoral impairments, which occur more often in
women than in men (see Chapter 21).133,134

Anterior cruciate ligament strain. Valgus collapse and 
decreased hip extensor activation are more common in
women than in men who have sustained an anterior cruciate
ligament injury. It is suggested that this pattern increases 
anterior shear of the tibia and strain of the anterior cruciate
ligament during loading (hip-knee flexion when landing 
following a jump).133
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Piriformis syndrome. Hip extensor and abductor weakness
resulting in hip adduction and internal rotation (valgus 
collapse) during functional activities has been identified as
the possible cause of sciatic nerve compression secondary 
to piriformis muscle overuse. Strengthening and functional
retraining of the gluteus maximus and gluteus medius along
with correction of the faulty movement patterns were reported
to alleviate the symptoms and functional improvement.159

Hip Muscle Imbalances and Their Effects
It is important to recognize that imbalances in muscle function
(dominance of one muscle over another when performing an
activity) that cause faulty movement patterns may be due to
muscle strength and length deficits as well as altered proprio-
ception and neuromuscular control.63 Faulty mechanics from
any of these factors may cause hip, knee, or back impairments
and pain.142 Overuse syndromes, soft tissue pain, and joint
pain may all develop in response to continued abnormal
stresses. The following are common hip muscle imbalances
that may result in lower extremity impairments.

Shortened tensor fasciae latae (TFL) and/or gluteus max-
imus. The TFL and approximately one-third of the gluteus
maximus insert into the iliotibial (IT) band. Decreased flexi-
bility in either of these muscles has an effect on the tension
transmitted through the IT band. Postural impairments often
associated with a shortened TFL or gluteus maximus include
an anterior pelvic tilt posture, slouched posture, or flat back
posture (see Fig. 14.18 and related discussion in Chapter
14).142 Overuse syndromes associated with greater tension of
the IT band include trochanteric bursitis in the hip region and
IT band friction syndrome in the knee (see description of this
in the patellofemoral impairment section in Chapter 21).

Dominance of the TFL over the gluteus medius. The im-
balance resulting from an apparent weakness of the gluteus
medius with compensatory dominance of the TFL function-
ing as a hip abductor results in increased tension on the IT
band,142 valgus collapse of the knee during weight bearing
with hip/knee flexion (see Fig. 21.9), and increased dynamic
Q-angle.63 This may lead to lateral knee pain (IT band syn-
drome) or patellofemoral pain syndrome from increased
bowstring effect on the extensor mechanism (see the descrip-
tion of the bowstring effect and Fig. 21.3 in Chapter 21).

Dominance of the two-joint hip flexor muscles over the 
iliopsoas. Dominance of the TFL, rectus femoris, and/or 
sartorius muscles may contribute to faulty hip mechanics or
knee pain from overuse of these muscles as they cross the knee.

Dominance of hamstring muscles over the gluteus max-
imus. Faulty posture and decreased functional activation of
the gluteus maximus may decrease the flexibility of this mus-
cle and limit the range of hip flexion.142 Excessive lumbar
spine flexion may result whenever full range of hip flexion is
attempted. Limited mobility of the gluteus maximus also
causes increased tension on the IT band, an alteration associ-
ated with trochanteric or lateral knee pain.

With decreased activation of the gluteus maximus, the
hamstrings dominate as hip extensors.142 Overuse of the ham-
string muscles may result in cramping of the muscle with
high-intensity exercise165 or may result in decreased ham-
string flexibility and muscle imbalances with the quadriceps
femoris muscles at the knee.142 In this muscle imbalance,
the hamstrings dominate the knee stabilizing function by 
increased posterior pulling on the tibia to extend the knee in
closed-chain activities. This alters the mechanics at the knee
and may lead to overuse syndromes in the hamstring tendons
or in anterior knee pain from modified quadriceps forces.142

Use of lateral trunk muscles for hip abductors. Relying on
the lateral trunk muscles to perform the task of controlling
the pelvis normally accomplished by the hip abductors results
in excessive trunk motion and increased stress on the lumbar
spine.

Asymmetrical Leg Length
Functional and structural asymmetries of the lower extremi-
ties affect the orientation and position of the pelvis.

Unilateral short leg. A unilateral short leg causes lateral
pelvic tilting (drop on the short side) and side-bending of the
trunk away from the short side (convexity of the lateral lum-
bar curve toward the side of short leg). This may lead to a
functional—or eventually a structural—scoliosis. Causes of
a short leg could be unilateral lower extremity faults, such as
flat foot, genu valgum, coxa vara, tight hip muscles, anteriorly
rotated innominate bone, poor standing posture, or asym-
metrical bone growth.

Coxa valga and coxa vara. A pathologically large angle of
inclination between the femoral neck and shaft of the femur
is called coxa valga, and a pathologically smaller angle is called
coxa vara. Unilateral coxa valga results in a relatively longer leg
on that side and associated genu varum. Unilateral coxa vara
leads to a relatively shorter leg with associated genu valgum.

Anteversion and retroversion. An increase in the torsion of
the femoral neck is called anteversion and causes the shaft of
the femur to be rotated medially. A decrease in the torsion is
called retroversion and causes the shaft of the femur to be 
rotated laterally. Anteversion often results in genu valgum and
pes planus. Unilateral anteversion results in a relatively shorter
leg on that side; retroversion causes the opposite effect.

The Hip and Gait

During the normal gait cycle, the hip goes through 40° of flex-
ion and extension ROM (10° extension at terminal stance 
to 30° flexion at midswing and initial contact). There is also
lateral pelvic tilt and hip abduction/adduction of 15° (10° 
adduction at initial contact, 5° abduction at initial swing) and
hip internal/external rotation along with pelvic rotation 
totaling 15° transverse plane motion (peak internal rotation
at the end of loading, peak external rotation at the end of
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preswing). Loss of any of these motions affects the smooth-
ness of the gait pattern.130

Hip Muscle Function and Gait
Hip Flexors
The hip flexors control hip extension at the end of stance and
then contract concentrically to initiate swing.130 With loss of
flexor function, a posterior lurch of the trunk to initiate swing
may be seen. Contractures of the hip flexors prevent complete
extension during the second half of stance, thus shortening the
stride. To compensate for a flexor contracture, a person increases
the lumbar lordosis or walks with the trunk bent forward.

Hip Extensors
The hip extensors control the flexor moment during the load-
ing response, and the gluteus maximus initiates hip
extension.124,130 With loss of extensor function, a posterior
lurch of the trunk occurs at foot contact to shift the center of
gravity of the trunk posterior to the hip. With contractures
of the gluteus maximus, some decreased range occurs in the
terminal swing as the femur comes forward, or the person
may compensate by rotating the pelvis increasingly forward.
The lower extremity may rotate outward because of the 
external rotation component of the muscle, or the gluteus
maximus may place greater tension on the iliotibial band
through its attachment, leading to irritation along the lateral
aspect of the knee with repetitive activity.

Hip Abductors
The hip abductors control the lateral pelvic tilt during swing-
ing of the opposite leg.124,130 With loss of gluteus medius func-
tion, the trunk shifts laterally over the weak hip during stance
when the opposite leg swings. This lateral shift also occurs with
a painful hip to minimize the torque produced by gravity on
the head, arms, and trunk and to subsequently decrease the
abductor muscle force required. The tensor fasciae latae also
functions as an abductor and can affect gait if it becomes tight. 

Effect of Musculoskeletal
Impairments on Gait
Bone and joint deformities change alignment of the lower 
extremity and therefore the mechanics of gait. Painful condi-
tions cause antalgic gait patterns, which are characterized by
decreased stance time on the painful side to avoid the stress
of weight bearing.

Referred Pain and Nerve
Injury

The hip is innervated primarily from the L3 spinal level; hip
joint irritation is usually felt along the L3 dermatome reference
from the groin, down the front of the thigh to the knee.38,90

For a detailed description of referred pain patterns and 
peripheral nerve injuries in the hip and buttock region, see
Chapter 13.

Major Nerves Subject to Injury 
or Entrapment
Sciatic nerve. Entrapment may occur when the sciatic nerve
passes deep to the piriformis muscle (occasionally it passes
over or through the piriformis).

Obturator nerve. Isolated injury is rare, although prolonged
fetal head pressure during labor or damage from forceps 
delivery may occur.

Femoral nerve. Injury may result from fractures of the
upper femur or pelvis, reduction of congenital dislocation of
the hip, or pressure during a forceps labor and delivery.

Common Sources of Referred Pain 
in the Hip Region
If painful symptoms are referred to the hip region from other
sources, primary treatment must be directed to the source of
the irritation. Common sources of referred pain in the hip 
region include:

■  Nerve roots or tissues derived from spinal segments L1, L2,
L3, S1, and S2.

■  Lumbar intervertebral and sacroiliac joints.

Management of Hip Disorders
and Surgeries

To make sound clinical decisions when treating patients with
hip disorders, it is necessary to understand the various
pathologies, surgical procedures, and associated precautions
and to identify each patient’s presenting structural and func-
tional impairments, activity limitations, and participation 
restrictions. In this section, common pathologies and surgeries
of the hip region are described. Conservative and postopera-
tive management of these conditions is also discussed in this
section.

Joint Hypomobility:
Nonoperative Management

Related Pathologies and Etiology 
of Symptoms
Osteoarthritis (OA), rheumatoid arthritis (RA), aseptic
necrosis, slipped epiphyses, dislocations, and congenital 
deformities can lead to degenerative changes in the hip joint
(see Fig. 11.2).
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Osteoarthritis (Degenerative Joint Disease)
OA is the most common arthritic disease of the hip joint. 
Etiological factors include the aging process, joint trauma,
repetitive abnormal stresses, obesity, hip developmental dis-
orders, or disease.32 The degenerative changes include artic-
ular cartilage breakdown and loss, capsular fibrosis, and
osteophyte formation at the joint margins.47 These effects
usually occur in regions undergoing the greatest loading
forces, such as the superior weight-bearing surface of the 
acetabulum (see Fig. 11.6).

Postimmobilization Hypomobility
Restricted capsular and surrounding periarticular tissue 
mobility may occur any time the joint is immobilized after a
fracture or surgery.

Common Impairments of Structure
and Function
■  Pain experienced in the groin and referred along the ante-

rior thigh and knee in the L3 dermatome.
■  Stiffness after rest.
■  Limited motion with a firm capsular end-feel.153 Initially,

limitation is only in internal rotation; in advanced stages,
the hip is fixed in adduction, has no internal rotation or
extension past neutral, and is limited to 90° flexion.38

■  Asymmetry in lower extremity weight bearing and an 
antalgic gait usually with a compensated gluteus medius
(abductor) limp and slower speed (related to shorter step
length and stance duration).36

■  Limited hip extension leading to increased extension forces
on the lumbar spine and possible back pain.

■  Limited hip extension preventing full knee extension when
standing or during gait, leading to altered knee stresses.

■  Impaired balance and postural control.

A clinical prediction rule (CPR) recently developed by 
Sutlive and associates153 (summarized in Box 20.1) identifies

five examination variables that can be used for the diagnosis
of hip OA. The diagnostic variables are based on a prelimi-
nary study of 72 subjects over the age of 40 with unilateral
buttock, groin, or anterior thigh pain. Patients with radi-
ographic changes had an increased likelihood of having 
clinically relevant symptoms. Neither a validation study nor
an impact analysis of this CPR have been reported.

Other functional impairments, such as decreased muscle
strength and limited functional abilities, have been identified
in individuals with hip OA.

 FOCUS ON EVIDENCE
A cross-sectional study compared 26 patients with hip 
OA who were not surgical candidates with a matched 
control group without OA for function and disability. 
Significant differences between the groups included mild
to moderate pain level, decreased knee extension strength,
and decreased hip ROM in the hip OA group. Functionally,
those with OA walked a shorter distance in 6 minutes, 
but there were no significant differences in strength of the
hip flexors/extensors, knee flexors, or ankle dorsiflexors/
plantarflexors.141

Common Activity Limitations 
and Participation Restrictions 
Hip joint impairments interfere with many weight-bearing
activities and ADLs.31,141

Early stages. There is progressive pain with continued
weight bearing and walking or at the end of the day after
repetitive lower extremity activities. The pain may interfere
with work or routine household activities that involve pro-
longed weight bearing.

Progressive degeneration. The individual experiences in-
creased difficulty rising from a chair, walking long distances
or on uneven surfaces, climbing stairs, squatting, and other
weight-bearing activities and begins to have limitations in
routine ADLs, such as bathing, toileting, and dressing (putting
on pants, hose, socks).

CLINICAL TIP
To measure the extent of impairments (e.g., pain, ROM,
strength) and activity and participation restrictions (walking
distance or speed, ability to climb/descend stairs, ADLs, 
and quality of life) use tools such as the Western Ontario and
McMaster Universities Osteoarthritis Index (WOMAC), the
Arthritis Impact Measurement Scale (AIMS), Lower Extremity
Functional Scale (LEFS), the Hip disability and Osteoarthritis
Outcome Score (HOOS), the Harris Hip Score, and others as
identified in the Clinical Practice Guidelines.32,45
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BOX 20.1 Clinical Prediction Rule for the
Diagnosis of Osteoarthritis of 
the Hip153

Variables*
■ Squatting aggravates symptoms per self-report.
■ Active hip flexion causes lateral hip pain.**
■ The scour test with adduction causes lateral hip or groin pain.
■ Active hip extension causes pain.
■ Passive internal rotation is less than or equal to 25°.**

*Results of the study indicated that if three of the five variables
were present, the likelihood of having hip OA increased from a
29% to 68% probability; if four of the five variables were
identified, the likelihood increased to 91%.
**Interrater reliability for identifying the end feels of flexion and
internal rotation was 0.85 and 0.88, respectively.
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Management: Protection Phase
Chapter 11 describes the general principles and plan of care
in the treatment of OA and RA, and Chapter 10 describes gen-
eral management of joints during acute, subacute, and chronic
stages of tissue injury and repair. In conjunction with medical
management of inflammation and pain, correcting faulty 
mechanics is an integral part of decreasing hip pain. Faulty hip
mechanics may be caused by conditions such as obesity, 
leg-length differences, muscle length and strength imbalances,
sacroiliac dysfunction,31,32 poor posture, or injury to other
joints linked to hip motion.25 The following goals and inter-
ventions are emphasized when the symptoms are acute and
during the protection phase of nonoperative management.

Provide Patient Education
■  Explain how the stresses of weight bearing and other 

activities impact symptoms and joint health and describe
how interventions may minimize symptoms.

■   Teach safe ambulatory patterns and a home exercise program
that emphasizes nonimpact activities and frequent ROM.

Decrease Pain at Rest
■  Apply grade I or II oscillation techniques with the joint in

the resting position.
■  Have the patient rock in a rocking chair to provide gentle

oscillations to the lower extremity joints and possibly a
stimulus to the joint mechanoreceptors.

Decrease Pain During Weight-Bearing
Activities
■  Provide assistive devices for ambulation to help reduce

stress on the hip joint. If the pain is unilateral, teach the 
patient to walk with a single cane or crutch on the side 
opposite the painful joint.

■  If leg-length asymmetry is causing hip joint stress, gradu-
ally elevate the short leg with lifts in the shoe.

■  Modify chairs to provide an elevated and firm surface and
adapt commodes with an elevated seat to make sitting
down and standing up easier.

Decrease Effects of Stiffness and Maintain
Available Motion
■  Teach the patient the importance of moving the hips

through their ROM frequently throughout the day. When
the acute symptoms are medically controlled, have the 
patient perform active or assisted ROM as they are able.

■  If a pool is available, have the patient perform ROM in the
buoyant environment.

■  Initiate nonimpact activities such as swimming, gentle
water aerobics, or stationary cycling.

Management: Controlled Motion 
and Return to Function Phases
As symptoms subside, the emphasis of management includes
the following goals and interventions.

Progressively Increase Joint Accessory Motion
and Soft Tissue Mobility
Joint mobilization techniques.32 Progress joint mobiliza-
tion to stretch grades (grade III sustained or grade III and IV
oscillation) using glide directions that stretch restricting cap-
sular tissue at the end of the available ROM (see Figs. 5.45
through 5.47 in Chapter 5). Vigorous stretching should not
be undertaken until the chronic stage.

Stretching techniques. Stretch any range-limiting tissues.
Suggested manual stretching techniques are described in
Chapter 4, and self-stretching techniques are described in the
exercise section later in this chapter.

Improve Joint Tracking and Pain-Free Motion
Mobilization with movement (MWM) techniques110 may be
applied through the use of a mobilization belt to produce a
pain-free inferolateral glide and then superimposing motion
to the end of the available range. As with all MWM techniques,
no pain should be experienced during application of the
technique. Principles of MWM are described in Chapter 5;
specific MWM techniques for the hip are described here.

Increase Internal Rotation
Patient position: Supine with the involved hip flexed and 
a mobilization belt secured around the proximal anterior-
medial thigh and your pelvis.

Procedure: Stabilize the patient’s pelvis with the palm of
the hand closest to the patient’s head. Use the mobilization
belt to produce a pain-free inferolateral glide while the cau-
dal hand grips around the flexed thigh and shin to create
pain-free, end-range internal rotation (Fig. 20.5 A).

Increase Flexion
Patient position: Supine with the involved hip flexed and 
a mobilization belt secured around the proximal anterior-
medial thigh and the pelvis.

Procedure: Stabilize the patient’s pelvis with the palm of the
hand closest to the patient’s head. Use the mobilization belt
to produce a pain-free inferolateral glide while the caudal
hand grips around the flexed thigh and shin to create pain-
free, end-range flexion (Fig. 20.5 B). 

Increase Extension
Patient position: Supine with the pelvis near the end of the
treatment table in the Thomas test position (opposite thigh
held against the chest) and a mobilization belt secured around
the proximal medial thigh and your pelvis.

Procedure: Stabilize the patient’s pelvis with the palm of the
hand closest to the patient’s head. Use the mobilization belt
to produce a pain-free, inferolateral glide, while the caudal
hand presses against the extended thigh to create pain-free,
end-range extension (Fig. 20.5 C).

Increase Extension During Weight Bearing
Patient position: Standing with the unaffected foot up on a
stool and a mobilization belt secured around the proximal
medial thigh and your pelvis.
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Procedure: Stabilize the pelvis with both hands and apply a
pain-free, lateral glide with the mobilization belt, while the
patient lunges forward to produce painless extension of the
affected hip (Fig. 20.5 D).

Improve Muscle Performance in Supporting
Muscles, Balance, and Aerobic Capacity
■  Initiate exercises that develop strength and control of the

hip musculature, especially the gluteus maximus, gluteus
medius, and rotators, and that improve stability and balance
when performing weight-bearing activities. Begin with sub-
maximal isometric resistance; progress to dynamic resist-
ance as the patient tolerates movement. If any exercises
exacerbate the joint symptoms, reduce the intensity. Also
reassess the patient’s functional activities and adapt them to
reduce the stress.

■  Progress to functional exercises as tolerated using closed-
chain and weight-bearing activities. The patient may re-
quire assistive devices while weight bearing. Use a pool or
tank to reduce the effects of gravity to allow partial weight-
bearing exercises without stress.

■  Develop postural awareness and balance.
■  Progress the low-impact aerobic exercise program (swim-

ming, cycling, or walking within tolerance).

Provide Patient Education
Help the patient establish a balance between activity and rest
and teach them the importance of minimizing stressful, 
deforming forces by maintaining muscle strength and flexi-
bility in the hip region.

 FOCUS ON EVIDENCE
Two systematic reviews of studies examining the effects of 
exercise in the management of hip and knee OA describe 
support for aerobic exercise and strengthening exercises to 
reduce pain and disability.138,139 The consensus of the studies

is that there are few contraindications and that exercise is 
relatively safe in patients with OA.138 However, exercise should
be individualized and patient centered, with consideration
for age, comorbidity, and general mobility.

An outcome review39 summarized that moderate- or high-
intensity exercises in patients with RA have minimal effect 
on the disease activity, but there is insufficient radiological
evidence on the effect in large joints. Long-term moderate-
or high-intensity exercises that are individualized to protect
radiologically damaged joints improve aerobic capacity, mus-
cle strength, functional ability, and psychological well-being
in patients with RA.

A committee appointed by the Osteoarthritis Research 
International performed an extensive systematic review and
developed a consensus recommendation for the management
of hip and knee OA.172 Suggested interventions included 
referral to a physical therapist for evaluation and instruction
in exercises to “reduce pain and improve functional capacity”
as well as use of assistive devices when appropriate. The report
also supported the importance of regular aerobic exercise,
muscle strengthening, and ROM.

Clinical Practice Guidelines (CPGs) for Hip OA devel-
oped by the Orthopaedic Section of the American Physical
Therapy Association32 recommend patient education; func-
tional, gait, and balance training; manual therapy; and flexi-
bility, strengthening, and endurance exercises.

Joint Surgery and
Postoperative Management

A number of surgical options are available to manage early-
and late-stage hip joint injury or disease and fractures that
compromise the vascular supply to the head of the femur. As
a result of advances in arthroscopy of the hip, small- to
medium-size, full-thickness lesions of the articular cartilage

724 Joint Surgery and Postoperative Management

A B C D

FIGURE 20.5 Mobilization with movement using an inferolateral glide increasing (A) pain-free internal rotation, (B) pain-free flexion, 
(C) pain-free extension, and (D) a lateral glide increasing extension during weight bearing.
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of the acetabulum and head of the femur as well as other joint
pathologies, such as acetabular labral tears, femoroacetabular
impingement (FAI), and capsular laxity, are now managed
arthroscopically.44,45, 175,177 Microfracture, a type of chon-
droplasty, is a procedure designed to repair small lesions of
the articular cartilage.44 Other arthroscopic procedures for
the hip include debridement for removal of a loose body
within the joint, labral resection or repair for acetabular-labral
fraying or a tear, osteoplasty and rim trimming for FAI, and
capsulorrhaphy or capsular plication for capsular laxity.44

In-depth information on FAI can be found in a later section
on Painful Hip Syndromes in this chapter and in other 
resources.45, 175,176,177 

Surgical procedures to manage late-stage deterioration of
the hip joint include osteotomy (an extra-articular procedure)
and arthroplasty, specifically hip resurfacing arthroplasty (sur-
face replacement),55,69 hemiarthroplasty,99 and total hip arthro-
plasty (THA).37,76,94 Arthrodesis and resection arthroplasty of
the hip are considered salvage procedures after failure of
arthroplasty and when revision arthroplasty is contraindi-
cated or not feasible.94

The goals of joint surgery and postoperative management
are to provide the patient with (1) a pain-free hip, (2) a stable
joint for lower extremity weight bearing and functional am-
bulation, and (3) adequate ROM and strength of the lower
extremity for functional activities.

For an effective, safe postoperative rehabilitation program,
it is important for the therapist to have a basic understanding
of the more common surgical procedures for hip joint disease
and deformity, plus a thorough knowledge of appropriate
therapeutic exercise interventions and their progression. An
overview of two of the more common procedures—THA and
hemiarthroplasty—and guidelines for postoperative manage-
ment are described in the following sections.

Arthroscopic Procedures for the Hip
Indications for Surgery
The following are common indications for arthroscopic 
interventions from injuries and disorders affecting the hip
joint:44,45,175,176,177 

■  Anterior hip/groin pain as the result of focal lesions of the
articular cartilage acetabulum or femoral head and often
found in conjunction with FAI and/or an acetabular labral
tear or fraying that is not relieved by a course of conserva-
tive (nonoperative) treatment

■  Intra-articular loose bodies leading to clicking, catching,
or locking of the hip joint

■  Laxity of the hip capsule typically leading to anterior 
instability of the hip 

■  Intra-articular examination of the hip

Procedures
A surgeon’s selection of one or more arthroscopic procedures
for the hip to relieve or reduce a patient’s structural or func-
tional impairments is based on a number of criteria including

the type, size, and location of the defect or lesion and patient-
related factors, such as age, desired activity level, and an ability
to participate in a postoperative rehabilitation.44,45,175,176 

Chondroplasty/microfracture. One of several arthroscopic
procedures can be performed for repair of small to medium
articular cartilage lesions. Microfracture involves creating
small fractures of subchondral bone in the area of the chon-
dral lesion to stimulate growth of fibrocartilage to replace the
damaged hyaline cartilage.44

Resection or repair of a labral tear of the acetabulum.
Arthroscopic resection and removal (debridement) of the un-
stable portion of a torn or frayed labrum, while preserving as
much stable tissue as possible, is performed to reduce hip pain
or the catching sensation a patient may have been experienc-
ing over a period of time. Repair of a labral tear typically is
selected for management of an acute tear, usually caused by
trauma and to preserve the congruity of the hip joint. 

Osteoplasty and rim trimming. These bony procedures are
designed to reduce the structural abnormalities of the femoral
head, acetabulum, or both and subsequent abutment of bony
structures, which often lead to FAI and the development of
labral fraying or tears and articular cartilage lesions.44,176 

Capsular modification: plication or thermal-assisted cap-
sulorrhaphy. These procedures are designed to surgically 
decrease or shrink the size of the joint capsule to reduce 
capsular laxity, joint instability, and the risk of labral tears
and articular cartilage injury.44 

Postoperative Management
Rehabilitation following any of the arthroscopic procedures
for the hip is criterion based and time based, is geared to the
type and number of procedures carried out, and is individu-
alized to each patient. 

Interventions in the postoperative program include patient
education emphasizing avoidance of symptom-provoking 
positions of the lower extremities; weight bearing with some
degree of protection; and therapeutic exercises to improve
ROM and flexibility, strength and endurance, and neuromus-
cular control and balance. Postoperative rehabilitation guide-
lines for the arthroscopic hip procedures described in this
section are based on several resources in the literature and
summarized in Table 20.2.44,45,175,176,177

Additional postoperative interventions. There are a number
of interventions common to the arthroscopic surgical proce-
dures for the hip addressed in Table 20.2. They include the use
of a modified Bledsoe orthosis for 10 to 14 postoperative days
to limit hip motion. Another range-limiting device is an 
antirotation bolster to limit external rotation for 10 to 14 days 
following labral resection or repair, microfracture, and osteo-
plasty and for up to 4 weeks after capsular plication or thermal-
assisted capsulorrhaphy. However, active internal rotation from
neutral while lying supine is initiated during the early postop-
erative days to reduce the risk of capsular adhesions. Sometimes
a CPM unit for hip flexion and extension within a limited range

CHAPTER 20 The Hip 725

5850_Ch20_714-768  18/08/17  1:59 PM  Page 725



726 Joint Surgery and Postoperative Management

TABLE 20.2 Guidelines for Postoperative Management Following Arthroscopic Procedures for the Hip

Type of Arthroscopic Procedure Weight-Bearing Restrictions* Exercise Guidelines and Progression*

Microfracture/Chondroplasty

Resection or Repair of an Acetabular Labral Tear

Osteoplasty and Rim Trimming

Capsular Modification: Plication or Thermal-Assisted Capsulorrhaphy 

*NOTE: Weight-bearing and ROM restrictions vary based on the underlying diagnoses that necessitated the arthroscopic procedure(s) 

■ Restrict weight bearing to protect
early fibrocartilage formation and
for pain control

■ Minimal (touch-down) weight
bearing for 4–6 weeks44 or up to 
8 weeks176 postop, progressing to
weight bearing as tolerated

■ Use of ambulation aids for joint
protection

■ After resection and debridement:
partial weight bearing for up to 
2 weeks postop 

■ After repair: partial weight-
bearing for up to 4 weeks postop

■ Gradual progression of weight
bearing based on joint irritability
and pain

■ Use of ambulation aids for joint
protection

■ Minimal (touch-down) weight
bearing for 4–6 weeks to allow
bony healing, gradually
progressing to weight bearing 
as tolerated

■ Use of ambulation aids for joint
protection

■ Partial weight bearing for 
10–14 days;44 up to 4 weeks176 

■ Use of ambulation aids for
protection of joint capsule

■ Hip ROM
■ Active-assistive ROM on first postop day
within protected ranges
■ Full ROM permitted after 2 weeks

■ Strengthening and balance exercises 
■ Active ROM at 2 weeks; avoid supine SLRs

for 3–4 weeks to minimize compressive
forces on the hip

■ Low-load PRE at 4–6 weeks
■ Resistance and balance exercises in

weight bearing after 6 weeks

■ Hip ROM
■ Active-assistive ROM on first postop day,

gradually progressing to active ROM
■ Stationary cycling with seat raised (to limit

hip flexion) within first postop week
■ Limit hip flexion to 80°-90° 
■ Full ROM (abduction and external rotation)

permitted by 2 weeks postop
■ Strengthening and balance exercises

■ Active ROM by 2 weeks, progressing with
low-load resistance 

■ Progressive weight bearing and balance
exercises incorporating weight-bearing
restrictions

■ Hip ROM
■ Active-assistive ROM within protected
ranges on postop day 1
■ Full ROM permitted by 2 weeks

■ Strengthening and balance exercises
■ Active ROM permitted after 2 weeks;

progress by adding light resistance.
■ Avoid supine SLRs for 3–4 weeks postop to

minimize compressive forces on the hip. 
■ When weight bearing is permitted as

tolerated, begin weight-bearing exercises
and balance progression. 

■ Hip ROM
■ Active-assistive ROM on first postop day,

gradually progressing to active ROM. After
anterior capsular modification, limit external
rotation beyond 10° for 3–4 weeks,44,176

■ Stationary cycling within first postop week
■ Full ROM permitted after 4 weeks postop

■ Strengthening and balance exercises
■ Resistance exercises in weight-bearing and

balance exercises when full weight bearing
allowed

SLRs = straight-leg raises
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is used postoperatively. Ankle pumping exercises to reduce the
risk of a deep vein thrombosis (DVT) and setting exercises
(quadriceps and gluteal muscles) are routinely begun on post-
operative day 1 and 2, respectively. Typically, if full, passive hip
ROM is not achieved by 4 to 6 weeks after surgery, stretching
exercises are initiated to increase hip muscle flexibility. Stabi-
lization exercises, targeting lumbopelvic musculature, also are
an integral component of the rehabilitation program.

Standing and ambulation with crutches or a walker while
partial-weight bearing on the operated side can begin on the
day of or after surgery. Before full-weight bearing is permit-
ted, aquatic activities and ambulation can also begin after the
incision is well healed. Resumption of functional activities 
occurs gradually, but typically sooner after labral resection,
labral repair, or capsular modification than after microfrac-
ture, osteoplasty, or rim trimming. 

Sport-specific rehabilitation. As postoperative rehabilita-
tion for management of arthroscopic procedures for the hip
has evolved during the past decade, guidelines for sport-
specific training for the intermediate and advanced phases of 
recovery are being developed in clinical settings and published
in the literature.175,176

Total Hip Arthroplasty
One of the most widely performed surgical interventions for
advanced arthritis of the hip joint is THA (Fig. 20.6). OA is
the underlying pathology that accounts for most primary
total hip procedures.37

Indications for Surgery
The following are common indications for THA, sometimes
referred to as total hip replacement:37,46,50,101

■  Severe hip pain with motion and weight bearing with 
significant motion limitation as the result of joint dete-
rioration and loss of articular cartilage associated with 
OA, RA or traumatic arthritis, ankylosing spondylitis, or
osteonecrosis (avascular necrosis)

■  Nonunion fracture, instability or deformity of the hip
■  Bone tumors
■  Failure of conservative management or of previous joint

reconstruction procedures (osteotomy, resurfacing arthro-
plasty, femoral stem hemiarthroplasty, and primary THA)

Because the projected life span of primary THA procedures
is about 20 years, they were historically used for patients older
than 60 to 65 years of age or for the very inactive younger pa-
tient with multijoint involvement, such as RA.37,50 However,
with advances in component design, materials, and fixation,
plus improvements in surgical techniques, THA is now an op-
tion for some younger (< 60 years of age), moderately active
individuals.8,51 These individuals are counseled by the surgeon
to anticipate the need for revision arthroplasty later in life.

There are a number of instances in which THA is con-
traindicated. Absolute and relative contraindications are
noted in Box 20.2.8,14,37

Preoperative Management
Preoperative contact with a patient prior to elective surgery
typically occurs on an outpatient basis individually or in 

CHAPTER 20 The Hip 727

FIGURE 20.6 Total hip arthroplasty. (A) The preoperative film of a severely degenerative hip joint demonstrates the classic signs of degenera-
tive joint disease. Arrow A shows a narrowed joint space with superior migration of the femoral head; B shows osteophyte formation at the 
joint margins of both the acetabulum and femoral head; C shows sclerosis of subchondral bone on both sides of the joint surface; and D shows 
acetabular protrusion (a bony outpouching of the acetabular cup in response to the progressive superior and medial migration of the femoral
head). (B) Postoperative film shows a total hip arthroplasty. Both the acetabular and femoral portions of the joint have been resected and 
replaced with prosthetic components. (From McKinnis, LN: Fundamentals of Musculoskeletal Imaging, ed. 4. Philadelphia: F.A. Davis, 2014, 
p 354, with permission.)

5850_Ch20_714-768  18/08/17  1:59 PM  Page 727



a group several days before surgery. Patient information 
sessions often are coordinated and conducted by a team of
professionals from multiple disciplines who are likely to be in-
volved with a patient’s postoperative care. These sessions typi-
cally include a combination of patient education, assessment
and documentation of the patient’s preoperative status, and 
instruction regarding a pre-surgical exercise program.13,94,112,126

Box 20.3 summarizes possible components of preoperative
management.13,66,94,112,126 

 FOCUS ON EVIDENCE
Wang and colleagues166 conducted a randomized, controlled 
investigation to determine if a customized exercise program 
initiated before scheduled THA had an effect on the ambulatory
abilities of patients after surgery. Gait function was evaluated
with the 25-Meter Walk Test and the 6-Minute Walk Test. 
Participants in the exercise group (n = 15) took part in two 
facility-based and two home-based exercise sessions of 
stationary bicycling and resistance training each week for 
8 weeks prior to surgery. Individualized exercise programs 
resumed at 3 weeks postoperatively and continued through
12 weeks. Control group subjects (n = 13) received only 
advice routinely provided by a hospital physical therapist. 
At 3 weeks postoperatively, the exercise group demonstrated
significantly greater gait velocity and stride length, and at 
12 weeks, they demonstrated significantly greater 6-minute
walking distance than the control group. The investigators
concluded that a customized strength and endurance training
program prior to and after THA improved the rate of recov-
ery of ambulatory function.

Procedures

Background
Prosthetic designs and materials. THA has been performed
successfully since the early 1960s.37,50 Sir John Charnley,29 a
surgeon from England, is credited with the initial research
and clinical application of total hip replacement, which has
evolved into contemporary hip arthroplasty. A variety of 
implant designs, materials, and surgical approaches have been
developed and modified over the years.37,50,69 Today, total hip
implant systems are typically composed of an inert metal
(cobalt-chrome and titanium) modular femoral component
and a high-density polyethylene acetabular component. 
Occasionally, metal-on-metal69,149 and ceramic surfaces are
used in the design.37,69

Cemented versus cementless fixation. The revolutionary
aspect of the early THA procedures was the use of acrylic 
cement (methyl methacrylate) for prosthetic fixation. Cement
fixation allowed very early postoperative weight bearing,
which shortened the period of rehabilitation, whereas prior
to the use of cement fixation patients were subjected to
months of restricted weight bearing and limited mobility.37

Although cement fixation has its drawbacks, it continues to
be used regularly today, particularly in THA for elderly and
physically inactive younger patients.15,69,125,135

A significant postoperative complication associated with
cement fixation is aseptic (mechanical) loosening of the pros-
thetic components at the bone-cement interface. This loos-
ening subsequently leads to a gradual recurrence of hip pain
and the need for surgical revision.15,37,135 Patients who most
often develop implant loosening are the younger, physically
active patients. In contrast, loosening has not been shown to
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BOX 20.2 Contraindications to Total Hip
Arthroplasty

Absolute
■ Active joint infection
■ Systemic infection or sepsis
■ Chronic osteomyelitis
■ Significant loss of bone after resection of a malignant

tumor or inadequate bone stock that prevents sufficient
implant fixation

■ Neuropathic hip joint
■ Severe paralysis of the muscles surrounding the joint

Relative
■ Localized infection, such as bladder or skin
■ Insufficient function of the gluteus medius muscle
■ Progressive neurological disorder
■ Highly compromised/insufficient femoral or acetabular

bone stock associated with progressive bone disease
■ Patients requiring extensive dental work—dental surgery

should be completed before arthroplasty
■ Young patients who must or are most likely to participate

in high-demand (high-load, high-impact) activities

BOX 20.3 Components of Therapy-Related
Preoperative Management:
Preparation for Total Hip
Arthroplasty

■ Examination and evaluation of pain, ROM, muscle strength,
balance, ambulatory status, leg lengths, gait characteristics,
use of assistive devices, general level of function, and
perceived level of disability. Consider gathering pre-
operative information using a valid outcome measure, such
as the Harris Hip Score, Hip Outcome Score, or Lower
Extremity Functional Scale.

■ Information for patients and their families about joint
disease and the operative procedure in nonmedical terms.

■ Postoperative precautions and their rationale including
positioning and weight bearing.

■ Functional training for early postoperative days including
bed mobility, transfers, and gait training with assistive
devices.

■ Early postoperative exercises.
■ Criteria for discharge from the hospital.
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be a particularly prevalent problem in elderly patients or in
young patients with multijoint involvement and limited phys-
ical activity.50,135

The problem of mechanical loosening gave rise to the 
development and use of cementless (biological) fixation.37,50

Cementless fixation is achieved by using implants that allow
osseous ingrowth into a porous beaded or textured surface or
by a precise press-fit technique.17,85,160 Smooth (nonporous)
femoral components also are being used with cementless
arthroplasty. Some components are manufactured with a
coating of a bioactive compound called hydroxyapatite, 
designed to promote initial osseous ingrowth.28 Ingrowth of
bony tissue occurs over a 3- to 6-month period with contin-
ued bone remodeling beyond that time period. Initial long-
term studies of cementless fixation have demonstrated better
fixation durability of the acetabular component than of the
femoral stem component.69

Improvements in both cemented and cementless fixation
continue, as does debate over the indications, benefits, and
disadvantages of both forms of fixation. Cementless fixation
is more often the choice for the patient under 60 years of age
who is physically active and has good bone quality.17,85,160 Its
use continues to grow as the average age of the patient under-
going THA decreases and improvements in femoral stem 
fixation evolve.69 However, cement fixation continues to be
used routinely for elderly patients and those with osteoporosis
and poor bone stock.15,125,135 In some cases a combination of
fixation procedures, known as a hybrid procedure, involving
a cementless acetabular component and a cemented femoral
stem component is used.113

Operative Overview
The operative approaches used to gain access to the involved
joint and to implant the prosthetic components during THA
can be divided into two broad categories: traditional (conven-
tional or standard) and minimally invasive approaches. Orig-
inal hip arthroplasty procedures used long surgical incisions
(15 to 25 cm) to expose the joint. Although long-term out-
comes have been successful, traditional surgical approaches
impose substantial trauma to soft tissues that may increase
the postoperative recovery period.

A recent advance in primary hip arthroplasty—the use of
minimally invasive approaches through “mini-incisions”—
allows adequate exposure of the joint for insertion of the
prosthetic components while decreasing soft tissue trauma.
Brief overviews of the various types of traditional and 
minimally invasive surgical approaches follow, focusing on
which muscles are incised or left intact during the proce-
dure.3,42,59,69,71,88 The integrity of the muscles and other soft
tissues surrounding the prosthetic hip influences its postop-
erative stability and the extent of restrictions placed on the
patient, most notably during the early phase of postoperative
recovery.

Traditional surgical approaches. There are several ap-
proaches that may be used during traditional THA proce-
dures: posterior (or posterolateral), lateral, anterolateral,

anterior, and transtrochanteric. Each has its advantages and
disadvantages.3,42,59 In addition to the following information,
ONLINE Table 20.1(available on the FA Davis website) sum-
marizes the key features of each approach and their potential 
impact on function.

■  Posterior or posterolateral approaches. These are the
most frequently used approaches for primary THA. To 
access the joint through a posterior approach, the gluteus
maximus is split in line with the muscle fibers. With a pos-
terolateral approach, the interval between the gluteus max-
imus and medius is split. The piriformis and short external
rotator tendons are transected near their insertion. The
capsule is incised, and the gluteus maximus tendon may be
released from its insertion on the femur in preparation for
posterior dislocation of the hip and insertion of the com-
ponents. Although an intact gluteus medius may result in
earlier recovery of a normal gait pattern after surgery, the
primary disadvantage of this approach is that it is associ-
ated with the highest incidence of postoperative joint 
instability and resulting subluxation or dislocation of 
the hip.71,81,106,107 To reduce the risk of postoperative 
dislocation, repair of the posterior capsule and muscles is
advocated to improve the soft tissue constraint to the pos-
terior aspect of the joint.30

■  Direct lateral approach. This approach requires longitudi-
nal division of the tensor fasciae latae (TFL), release of up to
one-half of the proximal insertion of the gluteus medius, and
longitudinal splitting of the vastus lateralis.3,59 The gluteus
minimus also is partially detached from the trochanter. A
lateral approach may also involve a trochanteric osteotomy.
Disruption of the abductor mechanism is associated with
postoperative weakness of this muscle group, leading to gait
abnormalities such as a positive Trendelenburg sign.

■  Anterolateral approach. With this approach, an incision is
centered over the greater trochanter, lateral to the TFL. The
IT band is split, and the anterior one-third of the 
gluteus medius and minimus are detached from their 
insertion on the greater trochanter to be reattached at 
closure.71,88,96 In some instances, the anterior one-third of
the vastus lateralis is detached as well.96 Unlike the posterior/
posterolateral approach, the external rotators usually 
remain intact in the anterolateral approach. A capsulotomy
is performed and the hip dislocated anteriorly for adequate
exposure of the joint. Although this approach allows for
precise implant positioning, leg length correction, and 
excellent postoperative stability, it is associated with delayed
recovery of the abductor muscles. Consequently, postop-
erative gait asymmetries persist for a longer period of time
than with an anterior approach.88 Compared with the pos-
terior approach, the incidence of postoperative dislocation
is lower in the anterolateral approach.37,59 Therefore, it is
also indicated for patients with muscle imbalances associ-
ated with stroke or cerebral palsy whose standing posture
is characterized by hip flexion and internal rotation joint
positions that place them at high risk of dislocation with a
posterior approach.3,59 
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■  Anterior approach. An incision is made lateral and distal
to the anterior superior iliac spine, slightly anterior to the
greater trochanter, and medial to the TFL. Although no
muscles are detached with this approach, the rectus femoris
and sartorius are retracted medially for exposure of the
joint. The capsule is incised, and the hip is dislocated ante-
riorly in preparation for insertion of the components.88 A
key advantage of the direct anterior approach is that weight
bearing as tolerated is permitted immediately after surgery.
However, this approach is used infrequently for primary
THA because visualization of the surgical field is more
challenging.

■  Transtrochanteric approach. This approach was first used
with very early primary THA29 but is now used primarily
in complex revision arthroplasty. The transtrochanteric 
approach involves an osteotomy of the greater trochanter
at the insertion of the gluteus medius and minimus and 
affords excellent exposure for insertion of the prosthetic
components.71 Following component placement, the
trochanter is reattached and wired in place to stabilize the
osteotomy site. The trochanter is often reattached in a 
position to improve the mechanical efficiency of the glu-
teus medius muscle.3,59 An extended period of nonweight
bearing and adherence to abduction precautions are 
required until bony healing has occurred. Complications
associated with trochanteric osteotomy include nonunion
and greater than usual soft tissue irritation and pain from
a considerable amount of internal fixation.

Minimally invasive approaches. As with traditional THA,
minimally invasive THA is an open procedure. With mini-
mally invasive procedures, however, the joint is approached
through one or two small incisions, usually less than or equal
to 10 cm in length.14 The characteristics of minimally invasive
approaches for THA are summarized in Box 20.4.

The rationale for choosing minimally invasive THA over
traditional THA is that the smaller incisions and muscle-
sparing techniques reduce soft tissue trauma during surgery,
potentially improving and accelerating a patient’s postoper-
ative recovery.9,14

Benefits cited by advocates of minimally invasive THA
are:3,9,13,14,71,140

■  Decreased blood loss.
■  Reduced postoperative pain.
■  Shorter length of hospital stay and lower cost of hospital-

ization.
■  More rapid recovery of functional mobility.
■  Better cosmetic appearance of the surgical scar.

Proponents of minimally invasive THA note that the proce-
dures are more technically challenging, specifically with regard
to insertion and alignment of the prosthetic components.4,10,170

Depending on the surgeon’s experience with the new approach
and selection of patients, there is speculation that rates of
postoperative complications will be higher.4,10 In general, the
results of studies have supported the in-hospital benefits of min-
imally invasive THA, such as less blood loss, less postoperative

pain, and shorter hospital stay, when compared with tradi-
tional THA.122,137,170 However, the claim of rapid recovery of
functional mobility, typically measured by gait analysis follow-
ing minimally invasive versus traditional THA, has yet to be
determined.42,96,131,137

Numerous studies have compared MI and traditional
procedures for in-hospital and postsurgical outcomes for
THA. The most recent systematic reviews and meta-analyses
of these studies report some small but minor benefit to using
minimally invasive surgery.18,151,171 When a posterior ap-
proach is used in patients with degenerative hip disease, MI
results in statistically significant improvement in operating
time, length of hospital stay, blood loss, and the Harris Hip
Score for function.18 The authors of this analysis note that the
higher Harris Hip Scores for patients who have had the MI
procedure do not reach the threshold for a clinically impor-
tant difference. When analyzing studies using all surgical 
approaches for a variety of diagnoses, MI results in reduced
length of hospital stay and reduced blood loss, but no other
surgical, functional, or radiological benefits.171 Details of
studies that have compared these procedures are summarized
in the outcomes section on THA.

Implantation of components and closure. After disloca-
tion of the joint, an osteotomy is performed at the femoral
neck, and the head is removed. Another option used by some 
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BOX 20.4 Features of Minimally Invasive Total
Hip Arthroplasty

■ Length of incision: < 10 cm, depending on the location 
of the approach and the size of the patient14,71

■ Most, if not all, muscles and tendons left intact
■ Single-incision or two-incision surgical approach

■ Single incision: posterior,52 anterior,95,96,131 or
occasionally lateral.10,68

■ Two-incision: two 4- to 5-cm incisions, one anterior 
for insertion of acetabular component and one posterior
for placement of femoral component.5,13,140,154

■ Incision location and muscles disturbed
■ Posterior approach: an incision extending mostly distal

to the greater trochanter between the gluteus medius
and piriformis muscles; short external rotators may or
may not be incised (later repaired); abductor mechanism
consistently is left intact.52,170

■ Anterior approach: an incision beginning just lateral and
distal of the anterior superior iliac spine extending in 
a distal and slightly posterior direction along the belly 
of the tensor fasciae latae (TFL); sartorius and rectus
femoris retracted medially and the TFL laterally; leaves
all muscles intact; no postoperative precautions.13,95,96,131

■ Lateral approach: least commonly used; splits the
middle-third of the gluteus medius; anterolateral incision
into the capsule leaves the posterior capsule intact,
eliminating the need to observe postoperative
precautions for prevention of posterior dislocation.10,68
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surgeons for minimally invasive procedures is to cut the
femoral neck in situ without dislocating the hip.13,95,154 The
acetabulum is reamed and remodeled, and a high-density
polyethylene cup is inserted into the prepared surface.125 The
intramedullary canal of the femoral shaft may be broadened
if necessary, and the stemmed, metal prosthesis is inserted
into the shaft of the femur.15,135 With both components in
place, the alignment is checked radiographically and stability
and ROM are assessed. 

After the prosthetic hip is reduced, the capsule typically is
repaired. The remaining layers of soft tissues that were incised
or detached are securely repaired and appropriately balanced
for length and mobility prior to closure.

CLINICAL TIP
Although published resources contain a wealth of informa-
tion about implant design, methods of fixation, and soft tis-
sues incised or detached in the various conventional and
minimally invasive surgical approaches for THA, the best re-
source a therapist can use to understand the unique features
of a patient’s surgery and then plan an individualized post-
operative rehabilitation program is the operative report found
in the patient’s medical record.

Complications
The incidence of intraoperative and early and late postoper-
ative complications after primary, traditional THA is relatively
low. However, some surgeons are concerned that minimally
invasive procedures will result in a higher incidence of com-
plications due to decreased visual exposure of the hip joint
during surgery and the more technically demanding nature
of the approaches.4,10 To date, this concern has not been con-
sistently supported by evidence-based studies.69,71 Although
only a small percentage of complications require revision
arthroplasty, any complication can hamper rehabilitation and
diminish functional mobility.

Intraoperative complications. Intraoperative complica-
tions associated with THA include malpositioning of the
prosthetic components, femoral fracture, insufficient equal-
ization of leg lengths, and nerve injury.

Early postoperative complications. In addition to the med-
ical complications, such as infection, DVT, or pneumonia that
can occur after any surgery, postoperative complications that
may occur during the early period of recovery (before 6 weeks
or up to 2 to 3 months) include infection or delayed wound
healing, dislocation of the prosthetic joint, disruption of a
bone graft site before sufficient bone healing has occurred,
and a persistent functional leg-length discrepancy.106

Late complications. Late complications include mechanical
loosening of either implant at the bone-cement or bone-
implant interface; polyethylene wear; atraumatic or traumatic
periprosthetic fracture; and, in rare instances, heterotopic 

ossification.71 Of these late complications, mechanical loos-
ening of the components is by far the most common and
typically requires revision arthroplasty.

Dislocation: a closer look. Dislocation of the operated hip
is a complication that occurs most frequently during the first
2 to 3 months postoperatively when soft tissues around the
hip joint are healing. The frequency of early dislocation after
primary THA is reported to be less than 1% to slightly more
than 10%, with a mean of just less than 2%.100 During the
first postoperative year, revision arthroplasty rates (5.1%) are
higher than rates for primary THA (1.7%).73 Most dislocations
are nontraumatic, occur in a posterior direction,81,107 and 
are usually associated with a posterior surgical approach.3,59

Although less common, dislocation can also occur after 
anterior, anterolateral, and direct lateral approaches.81,107,129

Patient-related and surgery/prosthesis-related risk factors that
may contribute to dislocation are noted in Table 20.3.73,100

Precautions to reduce the risk of dislocation after THA are
addressed in the following section on postoperative manage-
ment (see Box 20.6). Although a first-time dislocation usually
can be managed with closed reduction and conservative treat-
ment, recurrent dislocation after THA typically requires ad-
ditional surgery.

Leg length inequality: a closer look. Leg length inequality
is one of the more common complaints during the early 
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TABLE 20.3 Risk Factors Contributing to Joint
Dislocation After Total Hip
Arthroplasty

Surgery/Prosthesis-
Patient-Related Factors Related Factors

■ Age > 80 to 85 years100,107

■ THA for femoral neck 
fracture

■ Medical diagnosis: higher 
risk in patients with 
inflammatory arthritis 
(mostly RA) than patients 
with OA73,174

■ Poor quality soft tissue 
from chronic inflammatory 
disease

■ History of prior hip surgery
■ Preoperative and 

postoperative muscle 
weakness (particularly 
the abductor mechanism)69

and contractures
■ Cognitive dysfunction, 

dementia

■ Surgical approach: higher
risk with posterior than
anterior, anterolateral, or
lateral approaches

■ Design of femoral
component: higher risk
with smaller-sized
femoral head73

■ Malpositioning of the
acetabular component

■ Inadequate soft tissue
balancing during surgery
or poor quality soft
tissue repair

■ Experience of the
surgeon
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recovery period after THA and is associated with pain and a
sense of instability and exertion while walking.33,128 Quite
often a functional leg length discrepancy and pelvic obliquity
that is evident during standing and walking is the result of
muscle spasm, muscle weakness (particularly the gluteus
medius), and residual contracture of hip muscles. This type
of leg length discrepancy usually resolves with conservative
management during the first postoperative year.33 However, a
true leg length discrepancy may be the result of over-lengthening
the limb during surgery, malpositioning of the prosthetic 
implants (usually the acetabular component), or recurrent
postoperative dislocation. If significant, it may necessitate fur-
ther surgery or revision arthroplasty.128 Leg length differences
of greater than 20 mm are associated with significant gait 
abnormalities and protracted low back pain.173

Postoperative Management

Early Mobilization
After THA, there is no need for immobilization of the oper-
ated hip. To the contrary, postoperative rehabilitation empha-
sizes early movement and patients are encouraged to regularly
move the hip through allowed ROM. An exception to this
postoperative strategy may be required when the patient is
lying supine in bed, depending on the surgical approach used
and the stability of the prosthetic hip. In such cases, the 
operated limb is positioned in slight abduction and neutral
rotation using an abduction pillow or wedge.94

Weight-Bearing Considerations
After cemented THA, patients are usually permitted to bear
as much weight as tolerated almost immediately after
surgery.15,125,135 In contrast, with cementless or hybrid THA,
weight bearing on the operated limb is often restricted for the
first few weeks or more. A number of factors affect the extent
and duration of postoperative weight-bearing restrictions.
Box 20.5 summarizes these factors.

Although it has been customary to limit weight bearing
after cementless and hybrid THA,17,160 this practice deserves
a closer look. The rationale for restricted weight bearing 
is based on the assumption that early, excessive loading 
of the operated limb could cause micromovement at the
bone-implant interface, thereby jeopardizing the initial sta-
bility of the implant(s), interfering with osseous ingrowth,
and contributing to eventual loosening of the prosthetic 
implants. There is little evidence, however, to support these
concerns.65

Moreover, there are potential benefits to safe levels of early
weight bearing after THA, specifically the reduction of bone
demineralization from decreased weight bearing and earlier
recovery of functional mobility.20,22 Gradually progressed
weight bearing also promotes activation of the weakened hip
abductor muscles for stabilization of the pelvis and a more
symmetrical gait pattern.65

To further strengthen the case for early weight bearing 
as tolerated, it has been established that many patients have

difficulty learning and integrating prescribed weight-bearing
limitations into daily functional activities and consequently
place greater loads than recommended on the operated 
extremity, particularly once postoperative pain has subsided.162

For example, a recent analysis of walking on level surfaces and
stairs showed that THA patients had foot loads of between
41% and 88% of their peak presurgical loading, even after
being trained with a scale to use only 10% loading.143 It is also
known that some resisted movements of the lower extremity
performed in the supine position impose loads on the hip
considerably greater than body weight.120

In light of these considerations, the need for weight-bearing
restrictions after cementless THA is being re-examined.

 FOCUS ON EVIDENCE
Several randomized, controlled investigations have demon-
strated that immediate weight bearing as tolerated after 
cementless or hybrid hip arthroplasty does not result in
higher rates of adverse effects.20,22,74 Bottner et al22 compared
patients who were allowed immediate weight bearing with no
restrictions to a group restricted to toe-touch weight bearing
with the use of two crutches for 6 weeks. Boden et al20 evalu-
ated an immediate weight-bearing group that initially used
one crutch to a group using two crutches and limited to 10%
body weight for 3 months. Kishida et al74 compared a group
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BOX 20.5 Early Postoperative Weight-Bearing
Restrictions After Total Hip
Arthroplasty

Method of Fixation
■ Cemented. Immediate postoperative weight bearing as

tolerated.15,94,125

■ Cementless and hybrid. Recommendations vary from
partial weight bearing (toe-touch or touch-down) for at
least 6 weeks17,76,81,97 to weight bearing as tolerated (no
restrictions) immediately after surgery.13,20,22

Surgical Approach
■ Traditional versus minimally invasive. Weight bearing

usually more restricted after standard (traditional)
approach because of more extensive surgical disturbance
and repair than minimally invasive approach.14 Weight
bearing as tolerated may be permissible immediately after
minimally invasive procedure.13

■ Trochanteric osteotomy. Although used infrequently,
restricted weight bearing at least 6 to 8 weeks or possibly
12 to 16 weeks for bone healing.

Other Factors
■ Use of bone grafts. Nonweight bearing or restricted weight

bearing during bone healing.
■ Poor quality of patient’s bone. Extended restrictions so as

not to jeopardize the stability of the prosthetic implants.
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that was allowed full weight bearing on the second day after
surgery to a group limited to touchdown weight bearing for
3 weeks, partial weight bearing for the next 6 weeks, and full
weight bearing at 6 weeks. None of the studies found signifi-
cant between group differences in adverse effects, including
implant fixation integrity, for up to 5 years after surgery. The
authors suggest that early weight bearing as tolerated after 
cementless or hybrid primary THA can be safe in younger 
patients (< 60 to 65 years of age) with excellent bone quality.
It is important to note that patients in these studies were 
relatively young compared with most patients undergoing 
hip arthroplasty.

A systematic review of the literature comparing unre-
stricted to restricted weight bearing notes moderate to strong
evidence in support of immediate weight bearing to tolerance
for a young, healthy population following cementless primary
THA.65 However, in the clinical setting, the responsibility of
determining the need for protected weight bearing during the
early phase of postoperative rehabilitation after THA remains
with the surgeon.

Exercise Progression and Functional Training
Therapeutic exercise has been part of postoperative rehabili-
tation for patients after THA for many years. Despite this, 
the optimal exercises and their doses are not fully established,
perhaps because surgical procedures and approaches continue
to evolve and interventions are still adapting to these changes.
A consensus survey on physical therapy-related intervention
for early inpatient total hip rehabilitation was a step forward
in the development of consistent guidelines for postoperative
THA management,43 although many of the exercises and
functional activities identified in this document have not been
evaluated for effectiveness or efficacy.104 The goals, guidelines,
and precautions for exercise and functional activities after 
primary THA discussed in this section represent not only
those interventions identified in the aforementioned consen-
sus survey, but also exercises and activities selected from 
current literature.24,40,62,94,112,123,166

 FOCUS ON EVIDENCE
Several single-subject studies have measured in vivo hip forces
acting and acetabular contact pressures during exercise and
gait.53,79,80,152 Although these studies analyzed only two pa-
tients after insertion of a femoral endoprosthesis, not a total
joint replacement, the results raise questions about assump-
tions made by clinicians regarding the selection and pro-
gression of exercises and functional activities during THA
rehabilitation. The results suggest that some active or resistive
exercises—such as maximal effort gluteal setting, unassisted
heel slides, and manually resisted isometric abduction—may
generate acetabular contact pressures that are greater than
weight-bearing contact pressures.53,152

Accelerated Rehabilitation
One change in postoperative management is the trend toward
accelerated rehabilitation, particularly for patients under 60
to 65 years of age who have undergone minimally invasive
THA and wish to resume an active lifestyle as quickly as 
possible following surgery.13,41 Although “accelerated rehabil-
itation” following minimally invasive THA has not been
clearly defined, two characteristics stand out—a rapid pro-
gression to full weight bearing during ambulation and dis-
continuing crutch and cane use as soon as possible.

There is concern, however, that progressing ambulation
at this rate in the presence of postoperative strength and 
balance deficits could result in persistent gait asymmetries,
increase the risk of injury, or jeopardize short- and long-term
outcomes.42 In addition, during functional activities that 
require endurance, persistent muscular weakness and fatigue
may increase the stresses placed on the prosthetic hip, thereby
contributing to biomechanical loosening of the components
over time.147

Therefore, before discontinuing use of an ambulation aid,
it is important to regain sufficient strength of the hip abduc-
tors and extensors to maintain stability and symmetry during
ambulation. With this in mind, it is clear that an individual-
ized program of strengthening exercises must be an integral
component of accelerated rehabilitation.65

Exercise: Maximum Protection Phase After
Traditional THA
Common impairments exhibited by patients during the
acute and subacute stages of soft tissue healing and the ini-
tial phase of rehabilitation after THA are pain secondary to
the surgical procedure, decreased ROM, muscle guarding
and weakness, impaired postural stability and balance, and
decreased functional mobility (transfers and ambulation 
activities). Depending on the type of component fixation
used and the surgeon’s preference, weight-bearing restric-
tions may also interfere with some functional activities.

The emphasis of this phase of rehabilitation after a con-
ventional surgical approach is on patient education to reduce
the risk of early postoperative complications, in particular
dislocation of the operated hip. (Risk factors for dislocation
after THA are noted in Table 20.3.) Precautions during func-
tional activities are determined by the surgical approach used
and input from the surgeon about the intraoperative stability
of the hip replacement (Box 20.6).81,94,106,107,129

Selected exercises and functional training begin as soon as
the patient is medically stable, typically the day of surgery
when possible. The frequency of treatment by a therapist is
often twice a day until the patient is discharged from the hos-
pital.43,123 The average length of hospitalization after a THA
is age dependent, with younger patients averaging 3 days and
older patients 4 days.169

Goals and interventions. The following goals and interven-
tions apply to the initial postoperative days while the patient
is hospitalized and continue through the first few weeks after
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surgery when the patient is at home or in a subacute health-
care or skilled nursing facility.

■  Prevent vascular and pulmonary complications.
■ Ankle pumping exercise to prevent venous stasis, throm-

bus formation, and the potential for pulmonary embolism.
■ Deep breathing exercise and bronchial hygiene until 

the patient is regularly mobile to prevent postoperative
atelectasis or pneumonia.

■  Prevent postoperative dislocation or subluxation of the
operated hip.
■ Patient and caregiver education about motion restric-

tions, safe bed mobility, transfers, and precautions 
during ADLs (see Box 20.6).

■ Monitor the patient for signs and symptoms of joint 
dislocation, such as shortening of the operated lower 
extremity.

■  Achieve independent functional mobility prior to 
discharge.
■ Bed mobility, rising from and sitting down in a chair,

and transfer training, emphasizing proper trunk and
lower extremity alignment and integrating weight-bearing
and motion restrictions.

CLINICAL TIP
Rising from a low chair imposes particularly high-loads across
the hip joint, producing loads approximately eight times the
patient’s body weight.120 If the posterior capsule was incised
during surgery, this places the involved hip at a high risk of
posterior dislocation until soft tissues around the hip joint
have healed sufficiently (at least 6 weeks) or until the surgeon
indicates that unrestricted functional activities are permissi-
ble. Therefore, teach the patient the importance of sitting only
on a chair with an elevated seat and to avoid sitting on soft,
low furniture. 

■  Ambulation with an assistive device (initially a walker 
or two crutches) immediately after surgery, adhering to
weight-bearing restrictions and gait-related ADL precau-
tions. Emphasize a stable, symmetrical gait pattern. Progress
to one crutch or a cane depending on pain, strength of hip
abductors, and gait symmetry.

■  Stair training with an assistive device, both ascending and
descending, initially one step at a time.
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BOX 20.6 Early Postoperative Motion Precautions After Total Hip Arthroplasty*

Posterior/Posterolateral Approaches
ROM
■ Avoid hip flexion > 90° and adduction and internal rotation

beyond neutral.
ADL
■ Transfer to the sound side from bed to chair or chair to bed.
■ Do not cross the legs.
■ Keep the knees slightly lower than the hips when sitting.
■ Avoid sitting in low, soft chairs.
■ If the bed at home is low, raise it on blocks.
■ Use a raised toilet seat.
■ Avoid bending the trunk over the legs when rising from or

sitting down in a chair or dressing or undressing.
■ When bathing, take showers, or use a shower chair in the

bathtub.
■ When ascending stairs, lead with the sound leg; when

descending, lead with the operated leg.
■ Pivot on the sound lower extremity.
■ Avoid standing activities that involve rotating the body toward

the operated extremity.
■ Sleep in supine position with an abduction pillow; avoid

sleeping or resting in a side-lying position.

Anterior/Anterolateral and Direct Lateral 
Approaches
ROM
■ Avoid hip flexion > 90°.**
■ Avoid hip extension, adduction, and external rotation past

neutral.
■ Avoid the combined motion of hip flexion, abduction, and

external rotation.

■ If the gluteus medius was incised and repaired or a trochanteric
osteotomy was done, do not perform active, antigravity hip
abduction for at least 6 to 8 weeks or until approved by the
surgeon.

ADL
■ Do not cross the legs.
■ During early ambulation, step to, rather than past, the

operated hip to avoid hyperextension.
■ Avoid activities that involve standing on the operated

extremity and rotating away from the involved side.

Transgluteal Approach (Trochanteric Osteotomy)***
ROM
■ Avoid hip adduction past neutral
■ No active, antigravity hip abduction for at least 6 to 8 weeks or

until approved by the surgeon
■ No exercises that involve weight bearing on the operated leg

ADL
■ Sleep in supine position with abduction pillow
■ Do not cross legs
■ Maintain weight-bearing restrictions during all ADLs

*Precautions apply to traditional total hip arthroplasty and may or
may not be necessary after minimally invasive procedures,
depending on the surgeon’s guidelines.
**Although a posterior surgical approach is associated with the
highest risk of dislocation, all patients routinely are asked to limit
hip flexion to < 90° and rotation to < 45° for about 6 weeks
regardless of the surgical approach used.129

***Follow weight-bearing restrictions for 6 to 8 weeks or up to 12
weeks for bone healing to occur.
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PRECAUTION: Even if a patient is permitted to bear full
weight on the operated extremity and discontinue crutch 
or cane use as tolerated, have the patient continue to use an
ambulation aid when ascending and descending stairs during
the first few weeks after surgery to reduce the risk of placing
excessive torsional forces on the prosthetic hip joint.65

■  Maintain a functional level of strength and muscular en-
durance in the upper extremities and nonoperated lower
extremity.
■ Active-resistive exercises in functional movement pat-

terns, targeting muscle groups used during transfers and
ambulation with assistive devices.

■  Prevent reflex inhibition and atrophy of musculature in
the operated limb.
■ Submaximal muscle-setting exercises of the quadriceps,

hip extensor, and hip abductor muscles—just enough to
elicit a muscle contraction.

PRECAUTION: If a trochanteric osteotomy was performed,
avoid even low-intensity isometric contractions of the hip ab-
ductors during the early postoperative phase unless initially
approved by the surgeon and performed strictly at a minimum
intensity. (See Box 20.6 for additional precautions after
trochanteric osteotomy.)

■  Regain active mobility and control of the operated 
extremity.
■ While in bed, active-assistive ROM exercises of the hip

within protected ranges.
■ Active knee flexion and extension exercises while seated

in a chair, emphasizing terminal knee extension.
■ Active hip rotation, maintaining motion limitations

based on the surgical approach.
■ If the status of the abductor muscles permits, active,

gravity-eliminated hip abduction in the supine position
by sliding the leg on a low-friction surface or active
antigravity abduction combined with external rotation
(clam exercise) in the side-lying position (with a pillow
between the thighs to prevent hip adduction past 
neutral).

■ Active hip ROM (forward and backward pendular 
motions) in the standing position with the hands on a
stable surface to maintain balance.

■ Bilateral, closed-chain, weight-shifting activities, heel
raises, and mini-squats, while maintaining symmetrical
alignment and weight-bearing limitations on the oper-
ated extremity.

■  Prevent a flexion contracture of the operated hip.
■ Avoid use of a pillow under the knee of the operated 

extremity while in supine.

Criteria to progress. The criteria to advance to the next
phase of rehabilitation is highly dependent on weight-bearing
and ROM restrictions; however, the following criteria typi-
cally must be met:

■  Well-healed incision; no signs of wound drainage or 
infection

■  Independent level-ground ambulation with one crutch or
a cane or no assistive device if weight-bearing restrictions
permit

■  Ability to bear full weight on the operated extremity with-
out pain and with a fully extended knee

■  Functional ROM of the hip
■  Muscle strength of operated hip: at least 3/5

Exercise: Moderate Protection Phase After
Traditional THA
After traditional THA, the intermediate phase of rehabilita-
tion begins at about 4 to 6 weeks postoperatively. Full weight
bearing may be permitted for some patients, but some degree
of protection may be necessary for 12 weeks postoperatively
for others. The extent of protection of the operated hip varies
substantially based on the surgical approach, the type of fix-
ation used, and the surgeon’s preference. Full healing of soft
tissue and bone continues for up to a year after surgery.

The exercises described for this phase may be carried out
under therapist supervision or as part of a home program.
Exercises and functional training focus on restoring muscle
strength (particularly the hip abductors and extensors), 
postural stability and balance, a symmetrical gait pattern,
muscular and cardiopulmonary endurance, and functional
ROM. Exercises that target impairments in other body regions
can also be included to improve overall function. 

Postoperative precautions during ADL may continue 
for at least 12 weeks and sometimes considerably longer.94,112

Patient education should focus on the return to anticipated
activities in the home, workplace, or recreational setting.

Goals and interventions. The following are the goals and
interventions for the intermediate (moderate protection)
phase of rehabilitation:

■  Regain strength and muscular endurance, emphasizing
strength of hip abductors and extensors.

PRECAUTION: The initiation and progression of resistance
training to strengthen hip abductor muscles depends on the 
integrity of the abductor mechanism, which can be compromised
during some surgical approaches. Likewise, progressing from 
bilateral to unilateral closed-chain training depends on when full
weight bearing on the operated extremity is permitted.

■ While standing on the sound lower extremity, open-
chain exercises within the permissible ranges in the 
operated leg against light resistance. Initially, emphasize
increasing the number of repetitions rather than the 
resistance to improve muscular endurance.

■ Bilateral, closed-chain exercises to strengthen hip and
knee extensors, such as mini-squats against light-grade
elastic resistance or while holding light weights in both
hands when unsupported standing, are permitted. Rein-
force symmetrical alignment of the lower extremities
during standing exercises.

■ Unilateral, closed-chain exercises, such as hip hiking
or forward and lateral step-ups (to a low step) while
standing on the operated extremity and partial lunges
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with the involved foot forward when full weight bearing,
are permitted on the operated lower extremity. During
step-ups and lunges, apply elastic resistance around the
lateral thigh of the operated extremity to simultaneously
strengthen the hip abductors and hip extensors.

■  Improve cardiopulmonary endurance.
■ Nonimpact aerobic conditioning program, such as pro-

gressive stationary cycling, swimming, or water aerobics.
■  Restore ROM while adhering to precautions.

■ Gravity-assisted supine stretch to neutral in the Thomas
test position. Pull the uninvolved knee to the chest while
relaxing the operated hip. (At least 10° of hip extension
beyond neutral is needed for a normal gait pattern.)

■ Resting in a prone position for a prolonged passive
stretch of the hip flexor muscles.

■ Integrate gained ROM into functional activities.

PRECAUTION: Check with the surgeon before initiating a
stretch of the hip flexors to neutral or into hyperextension, par-
ticularly if an anterior or anterolateral approach was used dur-
ing surgery. In addition, prone lying may not be permissible or
comfortable for the patient at this time. 

■  Improve postural stability, balance, and gait.
■ Progressive balance activities in standing (see Chapters 8

and 23.)
■ Gait training, emphasizing an erect trunk, vertical align-

ment, equal step lengths, and a neutral symmetrical
alignment of the pelvis and extremities.

■ If full weight bearing is not yet permitted, continue or
progress to use of a cane (in the hand contralateral to the
operated hip) and progress weight bearing on the oper-
ated limb. Practice walking on uneven and soft 
surfaces to challenge the balance system.

■ Continue cane use until weight-bearing restrictions are
discontinued or if the patient exhibits gait deviations,
such as a positive Trendelenburg sign on the operated
lower extremity, indicating hip abductor weakness. Cane
use is also recommended during extended periods of
ambulation to decrease muscle fatigue.

■ For selected patients, consider treadmill walking to prac-
tice a symmetrical gait pattern.

 FOCUS ON EVIDENCE
Use of a cane in the contralateral hand by patients after a hip
replacement has been shown to decrease electromyographic
(EMG) activity in the hip abductor muscles to a significant
degree regardless of whether moderate or near-maximum
force is applied on the cane.116 In the same study, ipsilateral
cane use produced no significant decrease in EMG activity in
the hip abductor muscles. The degree to which the decreases
in EMG activity reflected a reduction in forces imposed on
the prosthetic hip joint was not determined in this study.
However, in single-subject studies of two patients with
femoral endoprostheses, acetabular contact pressures were 
reduced by using a cane in the contralateral hand.53,79,80

Criteria to progress. The criteria to progress to advanced
training during a final phase of rehabilitation include the 
following:

■  Pain-free ambulation with or without a cane 
■  Functional ROM and strength of the operated hip
■  Independence in ADL

Exercise: Minimum Protection Phase 
and Resumption of Full Activity
After traditional THA, the final phase of rehabilitation begins
when the patient has met the criteria to progress. This usually
occurs around 12 weeks postoperatively. Continued training
for restoration of strength, muscular and cardiopulmonary
endurance, balance, and a symmetrical gait pattern should be
the focus of this phase, coupled with a gradual resumption or
modification of functional activities. Return to a full level of
functional activities may take at least a year.132

Extended rehabilitation and modification of activities.
Weakness of the hip abductors leading to pelvic obliquity and
an asymmetrical gait pattern often presents preoperatively in
patients with hip OA and has been shown to persist in some
patients for months following THA.147 With this in mind, 
patients, especially those wishing to return to an active lifestyle,
may benefit from an extended strength training program that
targets the hip musculature.

If ongoing rehabilitation services are available to a patient,
the following activities should be considered:

■  Integrate strength, endurance, and balance training into
simulated functional activities to prepare for independence.

■  To improve muscular and cardiopulmonary endurance,
progressively increase the length of time and distance of a
low-intensity walking program. Aim for a target frequency
of 2 to 4 days a week for 30 minutes each session for the
walking program.

■   Through patient education, reinforce the importance of 
selecting or modifying activities to reduce or minimize the
forces and demands placed on the prosthetic hip. When a 
patient’s employment involves heavy labor, vocational re-
training or an adjustment in work-related activities is advised.

CLINICAL TIP
When walking and carrying a heavy object in one hand, sug-
gest that the patient hold it on the same side as the operated
hip. EMG studies have shown that under these circumstances
the forces imposed on the abductor muscles of the operated
hip are significantly lower than when the load is carried on
the contralateral arm. This was found to hold true with and
without cane usage.114,115 Theoretically, this reduces the
amount of stress imposed on the hip replacement over time.

Return to sport activities. The younger, active patient who
has undergone THA usually has a desire to resume sport-
related or fitness activities at some point following surgery.
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Several factors, including the level of demand or degree of 
impact or twisting movements involved in the activity, the
frequency of repetitive motions, and the potential for falls or
contact, influence a surgeon’s recommendation or approval
for a patient to participate in various athletic activities. A 
patient’s body weight, overall level of fitness, and his or her
experience with the activity prior to surgery also affect whether
or not an activity is allowable.34,61,75,97

To prolong the life of the hip replacement, a patient is 
routinely advised to refrain from high-impact sports and
recreational activities. Activities that impose heavy rotational
forces on the operated hip are of particular concern and could
contribute to long-term loosening and wear of the prosthetic
implants and eventual failure of the hip replacement. How-
ever, with a foundation of sufficient strength, endurance, bal-
ance, and use of proper biomechanics during functional
activities, a patient can gradually and safely return to low- and
moderate-impact sports and fitness activities following THA.

Table 20.4 lists the sports-related, recreational, and fitness
activities highly recommended, recommended with caution,
or not recommended based on a 2007 survey and the consen-
sus of arthroplasty surgeons’ opinions.75 Ninety percent of
the surgeons responding agreed that patients could return to
selected activities by 6 months after undergoing THA. 

Outcomes
Pain relief, patient satisfaction, and quality of life. Most
studies evaluating patient satisfaction, perceived levels of pain,
function, and quality of life after THA reflect a marked decrease
in pain and improvement in function.84,132 However, patient’s
and surgeon’s perceptions of satisfaction do not always agree.
Lieberman and associates87 demonstrated that when a patient
reported little or no pain following THA, the patient’s and sur-
geon’s assessments of pain and level of satisfaction were similar.
However, when patient’s reported continuing pain after THA,
there was less agreement between the patient’s and surgeon’s as-
sessments of the level of patient satisfaction.This result explains

why there is a need for outcome assessments from both the 
patient and the health-care professional.

Several factors may contribute to unsatisfactory outcomes
following THA. Fortin and colleagues48 investigated the timing
of THA and subsequent outcomes and determined that, not
surprisingly, patients who had the worst physical function and
pain before surgery had the poorest outcomes 2 years after sur-
gery. Another long-term, prospective study (mean 3.6 years)
of patients who had undergone unilateral THA for OA also
confirmed that a higher preoperative level of pain predicted
poorer outcomes.119 This study also revealed that an older age
at the time of surgery and the presence of postoperative low
back pain were predictors of poor self-assessed outcomes.119

Physical functioning. Improvements in ROM, postural sta-
bility, strength, and functional mobility occur gradually after
THA. Patients typically achieve 90% of their expected level of
overall functional improvement by the end of the first post-
surgical year. Over the next 1 to 2 years, patients report addi-
tional gains in strength and improved function, reaching a
plateau at approximately 2 to 3 years after surgery.132

Trudelle-Jackson and colleagues161 evaluated ROM, static
muscle strength, and single-leg balance in a group of 15 pa-
tients with a mean age of 62 years (range, 51 to 77 years) 1
year after unilateral, primary THA. They found no significant
differences in ROM between the operated and uninvolved
hips and small—but not statistically significant—differences
in the strength of hip and knee musculature. However, they
did find substantial differences between the operated leg and
the uninvolved leg for all parameters of balance measured
during a one-leg stance. In addition, patients’ self-assessed
levels of physical function were moderately associated with
muscle strength but only weakly with postural stability.

Implant design, fixation, and surgical approach. Several
decades of studies indicate that both cemented and cementless
THA result in equally positive postoperative outcomes in all
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TABLE 20.4 Guidelines for Participation in Sport, Recreational, and Fitness Activities Following THA75

Allowed Allowed With Caution and Prior Experience Not Allowed*

■ Golf
■ Swimming
■ Walking (outdoor/treadmill)
■ Stationary cycling or use of 

elliptical trainer
■ Cross-country ski unit
■ Bowling
■ Low-impact aerobics
■ Speed walking
■ Hiking
■ Stair-climbing or rowing units
■ Doubles tennis
■ Use of weight machines

Note: Whether singles tennis or martial arts was allowable was not determined in the survey.

■ Pilates
■ Cross-country skiing
■ Rollerblading
■ Ice skating
■ Downhill skiing

■ Jogging/running
■ Baseball/softball
■ Racquetball/squash
■ Snow boarding
■ High-impact aerobics
■ Contact sports (football,

basketball, soccer)
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areas of assessment, with the most consistent being pain re-
duction.85,135 In-depth analyses and current information on
outcomes of specific prosthetic designs, as well as outcome as-
sessments of cemented, cementless, and hybrid procedures,
can be found in the references previously cited in the operative
overview of THA presented earlier in this chapter.

Woolson and colleagues170 conducted a retrospective com-
parative study of 135 patients who had undergone primary,
unilateral THA with either a standard posterior approach or
a minimally invasive posterior approach. The participating
surgeons determined which patients met the criteria for the
minimally invasive procedure with regard to health history
and body mass index. Consequently, the minimally invasive
group was thinner and healthier than the conventional THA
group. Despite this, there were no significant differences be-
tween the groups with respect to surgical outcomes (operat-
ing time, blood loss, need for transfusion) or in length of
hospital stay or the percentage of patients discharged directly
home. However, there was a higher rate of complications in
the minimally invasive group, including wound complica-
tions, component malpositioning, and leg-length discrepancy.
More recently, Goosen and colleagues reported no significant
differences in perioperative blood loss or complications be-
tween subjects randomized to minimally invasive (n = 60)
and traditional (n = 60) THA groups,56 although mean op-
eration times were shorter in the minimally invasive group.
Similarly, Repantis and colleagues137 noted no perioperative
or immediate postoperative benefit to the minimally invasive
approach over the traditional approach for THA. In this com-
parison, the same experienced surgeon performed either an
anterior minimally invasive procedure (n = 45) or an anterior
traditional procedure (n = 45). Although the minimally in-
vasive group had lower pain intensity at 2 weeks postopera-
tively, there were no differences between groups for function
or walking endurance.137

Ogonda and colleagues122 conducted a randomized con-
trolled trial comparing minimally invasive and traditional
THA in 219 patients undergoing primary, unilateral, hybrid
THA performed by the same surgeon. In both groups, a single
incision, posterior approach was used, with the only differ-
ences being a shorter skin incision and less TFL disturbance
during the minimally invasive approach. All patients partici-
pated in exercise and functional training after surgery. The
only statistically significant group difference identified was
less blood loss in the minimally invasive group, with no sig-
nificant differences in postoperative pain and use of pain
medication, ability to transfer and ambulate with an assistive
device, length of hospital stay, or discharge to home or tran-
sitional facility. At 6 weeks postsurgery, there continued to be
no significant differences between groups related to function
or complications. Dorr and colleagues42 reported similar in-
hospital findings, with less pain on each postoperative day
and a shorter hospital stay for a minimally invasive group
compared with a traditional THA group.

A number of prospective, randomized studies have been
conducted to compare improvements in gait following

minimally invasive versus traditional, unilateral THA. Results
of a study by Mayr and coinvestigators96 demonstrated sig-
nificant improvement in several gait parameters at 6 weeks in
the group that underwent minimally invasive THA but not in
the traditional THA group. At 12 weeks, however, both groups
showed significant improvements in gait, but the minimally
invasive group improved in a larger number of the parameters
measured. In contrast, another gait study reported no signif-
icant differences in gait characteristics between the minimally
invasive and traditional THA groups at 10 days and 12 weeks
after surgery.131 Recently published analyses reported similar
results, with no differences in walking speed, step length, 
cadence, or pelvic and thoracic motion between minimally
invasive groups and traditional approach groups.109,136 It is
important to note that postoperative rehabilitation in these
studies was uniform between groups, which may have con-
tributed to the similarity of outcomes in the minimally inva-
sive and traditional THA groups.

Lastly, Dorr and colleagues42 also investigated improve-
ments in functional mobility following THA and found that
87% of patients in the minimally invasive group used just one
assistive device (crutch or cane) for ambulation at the time
of discharge compared to 53% of the traditional THA group.
However, there was no significant difference in walking dis-
tance at the time of discharge between the two groups. With
the mixed findings from studies such as these, it is difficult 
to draw evidence-based conclusions about the impact of
minimally invasive procedures versus traditional THA on
early postoperative ambulation.

Impact of rehabilitation. Despite the number of sources in
the literature that emphasize the importance of rehabilitation
programs or, more specifically, a postoperative exercise and
ambulation program after THA, the impact of postoperative
interventions following THA has not been clearly established.
Studies have demonstrated that access to inpatient physical
therapy services does49,111 and does not82 decrease a patient’s
length of stay in an acute care facility after THA. It has also
been shown that the use of physical therapy services after
THA increases the probability of discharge to the home set-
ting rather than to another healthcare facility.49 The inclusion
of exercise and gait training interventions provided by a phys-
ical therapist in addition to instruction given by a multidis-
ciplinary hip group immediately after surgery resulted in
greater hip ROM and strength and improved mobility than
instruction alone at 15 days postsurgery.163

In a nonrandomized study of the effectiveness of a 6-week
home exercise program with patients who were 6 to 48 months
post THA, the two exercise groups (one performing ROM
and hip muscle isometrics and the other performing ROM,
isometric, and eccentric exercises) increased their walking
speed, whereas a control group (no exercise program) did not.
Interestingly, strength improvements were noted in all three
groups.132

A randomized trial that enrolled subjects 3 months after
posterolateral THA showed that participants who completed
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12 sessions of training that was led by a physical therapist and
emphasizing walking skills had significantly greater improve-
ments on several performance-based and self-report outcome
measures. When compared to a control group that did not
have supervised therapy, greater improvements were noted 
at 5 months postsurgery in the intervention group for the 
6-minute walk test, stair climbing time, figure-of-eight test,
the Index of Muscle Function, hip extension ROM, the Harris
Hip Score, and self-efficacy in the training group. Group 
differences in walking distance and stair climbing persisted 
at 12 months postsurgery, and there were fewer fall events 
reported in the walking skill training group.62

Mikkelsen and colleagues evaluated the effect of a twice-
weekly progressive resistance training intervention following
THA, comparing it to a home program of standard hip and
knee resistance exercises. The intervention group (n = 32)
performed 30 to 40 minutes of unilateral hip strengthening
exercises on strength-training machines, using both concentric
and eccentric contraction and loads that increased based on
the repetition maximum, while the control group (n = 30)
performed 10 repetitions of unloaded hip and knee move-
ments twice a day for 4 weeks, followed by the same move-
ments against elastic resistance for an additional 6 weeks. After
10 weeks of training, there were statistically significant group
differences for maximal walking speed and stair climbing time
in favor of the intervention group, but no other significant dif-
ferences, including measures of hip strength and power.102

Hemiarthroplasty of the Hip
Indications for Surgery
The following are some of the main indications for prosthetic
replacement of the proximal femur:54,76,78

■  Acute, displaced intracapsular (subcapital, transcervical)
fractures of the proximal femur in an elderly patient with
poor bone quality and an anticipated low-demand level of
activity after surgery54,76,101,126,127,155

■  Failed internal fixation of intracapsular fractures associated
with osteonecrosis of the head of the femur76,101,126

■  Severe degeneration of the head of the femur associated
with long-standing hip disease or deformity, resulting in
disabling pain and loss of function that cannot be managed
with nonoperative procedures76, 101,127

NOTE: Patients with preexisting degenerative hip disease who
sustain a femoral fracture are candidates for primary THA rather
than hemiarthroplasty.46,101 Acute, severely comminuted in-
tertrochanteric fractures are infrequently managed by primary
hemiarthroplasty.101,156

 FOCUS ON EVIDENCE
A recent assessment of the American Board of Orthopaedic
Surgery database regarding femoral neck fractures showed
that between 1999 and 2011, the use of THA increased 7%
while the use of hemiarthroplasty decreased 4%. Patients

younger than 65 years old were even more likely to have
THA than arthroplasty.103

Procedures
Background. Historically, acute displaced proximal femur
fractures were treated with unipolar (fixed head), uncemented
metal-stemmed endoprostheses. The primary complication
associated with these single-component implants, regardless
of design or fixation, was progressive erosion of the acetabular
cartilage and subsequent pain.

To decrease acetabular wear, the bipolar hemiarthroplasty
was developed. The bipolar design is composed of multiple
components: a metal femoral ball-and-stem prosthesis that
moves within a free-riding polyethylene shell, which in turn
inserts into a metal cup that moves within the acetabulum.
The purpose of the multiple-surface, load-bearing design is
to dissipate the forces that previously acted directly on the 
acetabulum through the interposed components.70,101,126

Contemporary versions of both unipolar and bipolar pros-
theses are in use today, with debate among surgeons regarding
the advantages and disadvantages of one design versus the
other.70,101,126

Operative procedure. A posterolateral approach is most
commonly used for hemiarthroplasty. After visualizing the
joint and removing the head of the femur, the metal-stemmed
prosthesis is inserted into the shaft of the proximal femur. The
femoral stem usually is cemented in place, although bio-
ingrowth fixation is also used. Procedures for closure are con-
sistent with THA.

Postoperative Management
For the most part, the postoperative care and rehabilitation
for hemiarthroplasty are similar to that described for THA.
This includes the considerations and precautions for posi-
tioning and ADL, as well as the components and progression
of the exercise and ambulation program. As with postopera-
tive management after THA, the selection and progression of
exercises and functional activities after hemiarthroplasty tend
to reflect the opinions of surgeons and therapists and are
based on the potential of specific exercises to remediate im-
pairments and improve function. As a result, the effectiveness
of exercise after hemiarthroplasty remains largely unreported.
Only limited information on the impact of specific exercises
and gait-related activities on the hip joint, per se, after hemi-
arthroplasty is available in the literature. Some findings from
several single-subject studies of two patients with femoral 
endoprostheses have already been discussed in the previous
section of this chapter on THA.53,79,80,152

PRECAUTION: Given the significant concerns for long-term
erosion of acetabular cartilage after hemiarthroplasty, avoiding
exercises that impose the greatest compressive or shearing
forces across the hip joint is of critical importance. Exercises
should be performed initially at a submaximal level and then
progressed gradually. Unassisted heel slides and maximum
effort gluteal setting exercises may need to be avoided during
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the acute phase of postoperative rehabilitation.152 In the post-
acute rehabilitation period, manually resisted hip abduction
should be progressed gradually because maximum-effort hip
abduction is thought to generate greater forces across the hip
joint than protected weight-bearing activities.53

Outcomes
Present-day modular, unipolar, and bipolar hemiarthroplasty
procedures appear to yield similar results in pain relief, func-
tional outcomes, and type and rate of complications.76,101,126

Although acetabular wear was identified as the primary con-
cern after the unipolar replacement used several decades ago,
the mechanical effectiveness of the bipolar prosthesis in pre-
venting acetabular erosion has yet to be firmly established.76

In a study of community-dwelling patients age 65 years or
older (mean age 80 years) who had undergone hemiarthro-
plasty with either a bipolar implant or a modular unipolar
implant, there were no significant differences between the two
groups at 1 year and 4 to 5 years of follow-up with regard to
functioning in daily activities or rates of dislocation, infection,
or mortality.167 Results of another study suggest that joint ROM
may decrease over time after bipolar hemiarthroplasty, possibly
due to the design of the implants. This decreased range was not
associated with diminished functional abilities.70

Lastly, the use of hemiarthroplasty versus screw fixation
for displaced femoral neck fractures in elderly patients was
examined in a large (over 4,000 patients), retrospective study
conducted in Norway.54 Results of the study showed that the
patients who had undergone hemiarthroplasty had signifi-
cantly less postoperative pain, fewer secondary surgeries, and
were more satisfied with the outcome of the surgery than the
group who had undergone internal fixation (screw fixation)
of the fracture site.

Hip Fractures: Surgical and
Postoperative Management

Hip Fracture: Incidence, Risk Factors,
and Impact on Function
A prevalent musculoskeletal occurrence in the elderly is frac-
ture of the hip or, more correctly, fracture of the most proxi-
mal portion of the femur in the hip region. The acute signs
and symptoms of hip fracture are pain in the groin or hip 
region, pain with active or passive motion of the hip, or pain
with lower extremity weight bearing. The fractured lower 
extremity appears to be shorter by several centimeters and 
assumes a position of external rotation.76,127

In the United States, the vast majority of hip fractures
occur in individuals between the ages of 75 to 85 years, with
women accounting for 77.2% of the fractures in this age
group.23 Worldwide, the incidence of hip fracture has stabi-
lized and appears to have decreased slightly in the United
States between 1985 and 2005.23 The total number of hip frac-
tures per year is expected to increase, however, mainly because

of the higher proportion of elderly in the population.76,127

Fewer than 3% of hip fractures are sustained by persons less
than 50 years of age76,127 and are usually associated with high-
force, high-impact trauma or with repetitive microtrauma,
such as from distance running.

Multiple risk factors, including those related to fall risk,
contribute to the increased incidence of hip fracture with
age.27 Risk factors for falls and the potential for hip fractures
in the elderly include age-related loss of muscle strength and
flexibility, balance and gait deficits associated with muscu-
loskeletal or neurological disorders, low vision, cognitive 
decline, and medication effects. Loss of bone density and
strength associated with osteoporosis typically occurs in the
proximal femur, distal radius, and spine, making these sites
more susceptible to fracture.76,127 A forceful rotational motion
between the pelvis and lower extremity or the impact from a
fall can both cause a fracture of the fragile proximal femur.
Although 90% of all hip fractures in the elderly are associated
with a fall,76 it is not yet known if trauma from the fall caused
the hip fracture or if a pathological fracture of the hip resulted
in the fall.

In addition to the potential fracture mechanisms noted,
the inability to absorb the impact of a fall also contributes 
to the risk of sustaining a fracture.127 In addition, the charac-
teristics of falling also change with age. As walking speed 
decreases with age, an older person usually drops and falls to
the side, rather than falling forward on outstretched hands as
occurs with faster walking speeds.76,127

Hip fracture in the elderly is associated with significant
functional impairments and loss of independence. Many pa-
tients who survive for more than 1 year following hip fracture
have limitations in ADLs and functional mobility and require
assistance to transfer, dress, walk, and climb stairs.89,148 The
combination of limitations attributable to the hip fracture
(not simply age), reduced activity and subsequent decondi-
tioning during the recuperative period, and activity avoidance
for fear of falling make it difficult to return to prefracture 
activity and functional levels.89,91 Consequently, long-term
nursing care or permanent placement in skilled nursing or
assisted living facilities is often required.

Postfracture mortality rates in the United States declined
from 1985 to 2005.23 This decline may be the result of im-
proved surgical techniques, which have reduced the need for
prolonged immobilization or restricted weight bearing, thus
decreasing postoperative complications such as pneumonia
and thromboemboli.

Sites and Types of Hip Fracture
Fractures of the proximal femur are broadly classified as in-
tracapsular or extracapsular and then further subdivided by
specific location (Fig. 20.7). Sites and specific types of hip
fracture are noted in Box 20.7.76,98,101,155–157 Of these sites,
fractures in the intertrochanteric region are most common,
accounting for approximately 50% of all proximal femur frac-
tures.98 Intracapsular fractures may compromise the vascular
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supply to the head of the femur, which increases the risk of
delayed healing, nonunion, or osteonecrosis (avascular necro-
sis) of the head of the femur. These complications occur far
more frequently with displaced versus nondisplaced intracap-
sular fractures.76,101 Intracapsular fractures are most often
sustained by elderly women.76,101

In contrast, fracture-dislocation and acetabular trauma
are most common in the young, active individual.76 Most
fracture-dislocations occur in a posterior direction, often
causing traumatic disruption of the vascular supply to the
head of the femur and damage to joint cartilage. Over time,
osteonecrosis and posttraumatic arthritis may result from
this type of trauma, necessitating prosthetic replacement of
the hip joint. 

Nonoperative Management
In some situations, nonoperative management is the only
treatment option after hip fracture. Traction is one appro-
priate alternative treatment for nonambulatory individuals
or for medically unstable patients who cannot undergo a
surgical procedure.76,127 The patient remains in bed and the
leg in traction just long enough for early healing to occur,
followed by bed-to-chair mobilization. If weight bearing or
ambulation is feasible, it is delayed until bone healing is suf-
ficient, usually by 10 to 12 weeks or as long as 16 weeks after
fracture.

Open Reduction and Internal Fixation
of Hip Fracture
Indications for Surgery
Surgical intervention by means of open (or possibly closed)
reduction followed by stabilization with internal fixation
(Figs. 20.8 and 20.9) is indicated for the following types of
proximal femur fracture:76,127,155–157

■  Displaced or nondisplaced intracapsular femoral neck 
fractures

■  Fracture-dislocations of the head of the femur
■  Stable or unstable intertrochanteric fractures
■  Subtrochanteric fractures

In the elderly patient, displaced intracapsular fractures
often are managed with prosthetic replacement of the femoral
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FIGURE 20.7 Fractures of the proximal femur are broadly divided
into intracapsular and extracapsular sites. (From McKinnis, LN: 
Fundamentals of Musculoskeletal Imaging, ed. 4. Philadelphia: 
F.A. Davis, 2014, p 350, with permission.)

BOX 20.7 Common Sites and Types of Hip
Fracture

Intracapsular
■ Fracture site proximal to the attachment of the hip joint

capsule
■ Further subdivided into femoral head, subcapital and

femoral neck (transcervical or basicervical fractures)
■ May be displaced, nondisplaced, or impacted
■ May disturb the blood supply to the head of the femur

resulting in avascular necrosis or nonunion

Extracapsular
■ Fracture site distal to the capsule to a line 5 cm distal to

the lesser trochanter
■ Further subdivided into intertrochanteric (between the

greater and lesser trochanters) or subtrochanteric and
stable or unstable (comminuted)

■ Does not disturb the blood supply to the head of the femur,
but nonunion may occur as the result of fixation failure

FIGURE 20.8 Reduction and internal fixation of a complete fracture
of the femoral neck. Restoration of alignment and good compression
is obtained via fixation with three compression screws. The black 
arrows mark the extent of the fracture line. (From McKinnis, LN: 
Fundamentals of Musculoskeletal Imaging, ed. 4. Philadelphia: 
F.A. Davis, 2014, p 351, with permission.)
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head (hemiarthroplasty), rather than internal fixation, to
avoid the relatively high incidence of nonunion.54,126 There
is, however, no definitive determination as to which proce-
dure provides superior results.54 Some severely comminuted
(unstable) intertrochanteric fractures may also be managed
with hemiarthroplasty.76,101,156

Procedures
The goal of surgery is to achieve maximum stability and 
restore the bony alignment of the hip. Surgery is indicated
during the first 24 to 48 hours after injury, particularly with
intracapsular femoral neck fractures because the risk of dis-
rupted vascular supply to the head of the femur is high. A
variety of internal fixation devices are used to stabilize the
many types of proximal femur fracture. The type and sever-
ity of the fracture, the associated injuries, and the patient’s
age and physical and cognitive status all influence the sur-
geon’s choice of procedure.76,127 The type of procedure per-
formed, in turn, affects the progression of postoperative
rehabilitation.

Types of fixation and surgical approach. The most com-
mon modern, internal fixation devices used include the 
following:2,76,127,155–157

■  Intramedullary nail fixation that interlocks proximally 
in the femoral head or a sliding compression screw for 
intertrochanteric or subtrochanteric fractures.

■  In situ fixation with multiple parallel cancellous lag screws
or pins for nondisplaced or impacted femoral neck frac-
tures and possibly for displaced femoral neck fractures in
active patients less than 65 years of age.

■  Dynamic extramedullary fixation with a sliding (com-
pression) hip screw and lateral side plate for stable inter -
trochanteric fractures; may be combined with an osteotomy
for unstable (comminuted) fractures. The dynamic hip
screw allows sliding between the screw and plate and cre-
ates compression across the fracture site during early
weight bearing.

An open surgical approach along the lateral aspect of the
hip is used in these fixation procedures, although some as-
pects of the procedures may be performed percutaneously.
The degree of soft tissue disruption differs with each proce-
dure. The tensor fasciae latae, vastus lateralis, or gluteus
medius may need to be incised parallel to the fibers and a cap-
sulotomy is generally performed with femoral neck fractures.

Postoperative Management
The ultimate goal of surgical intervention and postoperative
care after hip fracture is to return the patient to their preferred
living environment108 at their pre-injury level of function.76,127

It is generally agreed that rehabilitation services during recov-
ery, including postoperative exercise and functional training
across the continuum of care, are recommended and con-
tribute to optimal outcomes.35,108

During the initial phase of postoperative rehabilitation in
the acute care setting, the emphasis is on mobilization (getting
the patient up and moving as quickly as possible) while pro-
tecting the stabilized fracture site. This prevents or minimizes
the adverse effects of prolonged bed rest. In addition to helping
the patient learn to move safely in bed, transfer, and ambulate
independently with an assistive device, early postoperative 
rehabilitation typically includes patient or caregiver education,
deep breathing and coughing exercises, lower extremity edema
control (use of compressive stockings), proper positioning in
bed to avoid contractures, and an exercise program.

After discharge from the hospital, postoperative functional
training and a progression of exercises typically continue in
a transitional, subacute rehabilitation or skilled nursing facil-
ity or at home. Despite consensus that rehabilitation after hos-
pital discharge is an essential aspect of postoperative care,108

there is little evidence that suggests one rehabilitation setting
is superior to another for functional outcomes, and there is
insufficient evidence to inform decisions about the optimal
components of subacute rehabilitation.35

What is known, however, is that most patients are dis-
charged from subacute rehabilitation services after achieving

742 Hip Fractures: Surgical and Postoperative Management

FIGURE 20.9 Intertrochanteric fracture of the hip. This postopera-
tive image shows fracture fixation via a side plate and screw combi-
nation device. The fracture line is evident, extending through the
intertrochanteric region to the proximal femoral shaft. Some com-
minution is evident, and a large fragment on the medial shaft is
noted. The imposed added densities of soft tissue are seen. (From
McKinnis, LN: Fundamentals of Musculoskeletal Imaging, ed. 4.
Philadelphia: F.A. Davis, 2014, p 353, with permission.)
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independence in ambulation and necessary ADLs. On aver-
age, 85% to 95% of patients receiving physical therapy in the
home setting are discharged from services by 7 to 9 weeks
after hip fracture.92 Often, services are discontinued despite
persistent impairments and functional deficits and well before
patients have attained a pre-injury level of function, which in
turn increases the risk of future injury.19

Weight-Bearing Considerations
The amount of weight bearing permissible during early am-
bulation and transfers is always determined by the surgeon
for each patient on an individual basis. Factors that influence
the decision are the patient’s age and bone quality, the fracture
location and pattern, the type of fixation used to stabilize 
the fracture site, and the degree of intraoperative stability
achieved.76,78,127 Recommendations range from nonweight
bearing, toe-touch or touch-down weight bearing (< 10 lb), to
weight bearing as tolerated. Current internal fixation methods
have decreased the need for extended nonweight-bearing 
or toe-touch status after surgery.

Many fixation procedures used make early weight bearing
possible. Some examples of fractures and fixation procedures
in which weight bearing as tolerated is permissible immedi-
ately after surgery are:

■  Nondisplaced, rigidly fixed, or impacted femoral neck frac-
tures managed with in situ fixation.76,78,127,155

■  Stable (noncomminuted) intertrochanteric fractures man-
aged with a dynamic (sliding) compression screw and lat-
eral side plate fixation.76,127,156

■  Stable intertrochanteric and subtrochanteric fractures
managed with interlocking intramedullary nailing and
bone-to-bone fixation.2,76,127,157

Even when weight bearing is limited during ambulation
and transfers, the fracture site is still subjected to significant
forces through hip muscle activation. For example, moving
in bed, sitting up at the edge of the bed, and active and resisted
ROM exercises all generate forces across the hip that approach
or even exceed those incurred during full weight-bearing am-
bulation.120 Based on this, studies are investigating the risks
associated with early weight bearing after open reduction and
internal fixation of hip fractures.

 FOCUS ON EVIDENCE
In one study, elderly patients with stable as well as commin-
uted intertrochanteric fractures treated with dynamic com-
pression screw and plate fixation were all allowed to bear
weight as tolerated during ambulation with an assistive 
device immediately after surgery. One year postoperatively,
there was no significant difference between the rate of 
implant failure and revision surgery in the patients with 
stable fractures and those with comminuted fractures. The
investigators concluded that, at least in elderly patients with
comminuted and noncomminuted intertrochanteric frac-
tures that were stabilized intraoperatively, there was little

biomechanical justification for nonweight-bearing restric-
tions postoperatively.78

Excluded from this generalization were patients with com-
plex fractures in whom satisfactory intraoperative stabiliza-
tion could not be achieved, young patients with displaced
femoral neck fractures with in situ fixation, and patients with
severe bone disease (e.g., as the result of malignancy).

Despite the findings of this study and the recognized
benefits of early ambulation and exercise, there is always a
risk, albeit small, of failure of the internal fixation in some
patients. Therefore, it is important to recognize the signs of
possible displacement or loosening of the fracture stabiliza-
tion device as summarized in Box 20.8. The presence of any
of these signs or symptoms should be reported immediately
to the surgeon.76,127

Exercise and Functional Training
Decreased joint mobility, ROM, muscle performance, balance,
and loss of functional mobility are the most common physical
impairments after open reduction and internal fixation of hip
fracture. Exercise and functional training continue to be the
interventions routinely included throughout current-day
postoperative rehabilitation to reduce impairments and im-
prove functional outcomes.92

During the initial postoperative period, hip and even
knee motions are quite painful, affecting ROM and strength
of the involved lower extremity. In addition, some degree 
of tissue protection is necessary over the course of soft tissue
healing (approximately 6 weeks) and bone healing (10 to 
16 weeks).155–157 These factors affect the progression of exer-
cise and functional training, as do the location and stability
of the fracture site, type of internal fixation used, and the 
soft tissues traumatized at the time of the injury and during
surgery. Special considerations for exercise and ambulation
after various types of hip fracture and with specific surgeries
are noted in Box 20.9.76,127,155–157

The following sections outline a progression of exercises
and functional training after open reduction and internal fix-
ation of hip fractures.
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BOX 20.8 Signs and Symptoms of Possible
Failure of the Internal Fixation
Mechanism

■ Severe, persistent groin, thigh, or knee pain that increases
with limb movement or weight bearing

■ Progressive limb length inequality (shortening of the
involved lower extremity) that was not present immediately
after surgery

■ Persistent external rotation of the operated limb
■ A positive Trendelenburg sign during weight bearing on 

the involved limb that does not resolve with strengthening
exercises
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Exercise: Maximum Protection Phase
Exercises begin on the first postoperative day to prevent com-
plications and to restore a patient’s control of the involved
hip during functional activities. Initially, exercises are 
directed toward restoring ROM of the involved hip and
developing balance and strength in the upper extremities and
uninvolved lower extremity to facilitate ambulation with an
assistive device. It is reasonable to expect to achieve 80° to
90° of active hip flexion (with the knee flexed) by 2 to 4 weeks
postoperatively.76

There is lack of consensus about the appropriate time to
begin resistance exercises with the involved lower extremity.
Low-intensity resistance exercises of the operated hip may be
delayed until 4 to 6 weeks postoperatively to allow time for
any surgically incised hip muscles to heal. However, resistance
exercises of knee and ankle musculature may be initiated as
soon as tolerable.

 FOCUS ON EVIDENCE
Mitchell and colleagues105 conducted a randomized, con-
trolled trial to determine the effects of 6 weeks of quadriceps

resistance exercises during the early phase of postoperative
rehabilitation after hip fracture. The study included 80 patients
described as “frail elderly” (all > 65 years of age, mean 
80 years). All subjects performed a standard therapy program
of ROM exercises and functional training after surgery. Half
of the patients also performed bilateral resisted knee exten-
sion exercises at 16 days postoperatively, beginning with 
3 sets of 12 repetitions at the 50% 1-RM intensity twice a
week, and progressing to 80% intensity by the fifth week.

After 6 weeks of resistance training, the bilateral quadriceps
strength of the intervention group increased to a significantly
greater extent than that of the control group. Based on a func-
tional mobility test, the intervention group also demonstrated
a significantly greater reduction in functional impairments
and activity limitations than the control group. However, there
were no significant differences in improvement between
groups regarding gait velocity or test scores measuring inde-
pendence in ADL. There were no training-related adverse
events during the study.

The authors concluded that moderate- to high-intensity
postoperative quadriceps resistance training during early
recovery after hip fracture was functionally beneficial and
well tolerated by the participants despite their age and
frailty.

Goals and interventions. The following are goals, exer-
cises, and functional training interventions typically initi-
ated in the hospital setting and continued following
discharge from the hospital.11,12,72,92 Patient education 
occurs throughout this phase of rehabilitation emphasizing
progressive use of the operated extremity, safety, the pre-
vention of postoperative complications, and reducing the
risk of a future fall.

■  Prevent vascular and pulmonary complications.
■ Ankle pumping exercises performed regularly through-

out the day to maintain circulation and reduce the risk
of DVTs and thromboemboli.

■ Deep breathing exercises and airway clearance to prevent
pulmonary complications.

■   Improve strength in the upper and sound lower extremities.
■ Exercises against progressive levels of resistance targeting

key muscle groups used to lift body weight during bed
mobility, standing transfers, and ambulation with assis-
tive devices.

■ Emphasis on closed-chain training with most weight
on the sound extremity, such as bridging exercises, to
simulate the movement patterns used during these 
activities.

■  Re-establish balance, postural stability, and safe and 
independent functional mobility within weight-bearing
restrictions.
■ Weight-shifting activities in bilateral stance.
■ Heel and toes raises in bilateral stance.
■ Stabilization exercises in bilateral stance (alternating 

isometrics/rhythmic stabilization).
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BOX 20.9 Special Considerations for Exercise
and Gait After Internal Fixation of
Fractures of the Proximal Femur

■ Multiple hip muscles are traumatized by fracture of the 
hip, leading to postoperative pain, reflex inhibition, and
weakness. Fractures at these sites may cause damage 
to the following muscles.
■ Greater trochanter: gluteus medius
■ Lesser trochanter: iliopsoas
■ Subtrochanteric region: gluteus maximus

■ The tensor fasciae latae (TFL) and vastus lateralis (VL) are
usually incised during surgery, causing postoperative pain,
inhibition, and weakness during hip abduction and knee
flexion.

■ Adhesion formation between the incised TFL and VL may
develop and restrict motion. Hip adduction and internal
rotation and knee flexion place a stretch on the TFL and VL,
respectively, during ROM exercises and therefore are often
painful.

■ If there is shortening of the involved limb after fracture and
internal fixation, the distance between the distal insertion
of the gluteus medius on the greater trochanter and the
center of axis of hip motion is often decreased, thus
diminishing the mechanical advantage of the muscle and
causing weakness and a positive Trendelenburg sign during
ambulation.

■ Intracapsular fractures typically traumatize the capsule,
and internal fixation requires an incision into the capsule
(capsulotomy). Both predispose the capsule to
postoperative restriction.
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■ Balance activities with self-initiated perturbations by
reaching in various directions.

■ Bed mobility, transfers, and gait training with an assistive
device.

■  Prevent postoperative reflex inhibition of hip and knee
musculature.
■ Low-intensity isometric (setting) exercises of the hip and

knee musculature of the operated extremity. Depending
on the fracture site and its stability, perform submaximal
gluteal, abductor, adductor, and quadriceps and ham-
string setting exercises.

■  Restore mobility and control of the operated hip and 
adjacent joints.
■ Assisted, progressing to active ROM of the involved hip

and knee in progressively more challenging positions as
pain and fracture healing permit. For example, in the
supine position, perform heel slides before straight leg
raises (SLRs). When the knee is flexed, the shorter mo-
ment arm places lower rotational loads on the fracture
site than a long moment arm.

■ Pelvic tilts and knee-to-chest movements with the unin-
volved leg to prevent stiffness in the low back region.

■ Unassisted hip flexion, abduction, and extension while
standing on the sound leg and holding onto a stable
surface for balance before progressing to SLRs in a hor-
izontal position.

■ Low-intensity, dynamic resistance exercises in weight-
bearing and nonweight-bearing positions as the stability
of the fracture site allows.

PRECAUTION: When initiating setting and dynamic exercises
of the involved hip after comminuted subtrochanteric fractures
that required medial cortex reconstruction, postpone contrac-
tions of the abductor and adductor muscles for 4 to 6 weeks to
avoid stresses across the fracture site.157

Exercise: Moderate and Minimum Protection
Phases
By 6 weeks, soft tissues are healed; by 8 to 12 weeks, 
depending on the age and health of the patient, some degree

of bone healing has occurred. By 6 weeks of rehabilitation,
except in unusual situations, at least partial weight bearing
or full weight bearing as tolerated is now permissible. By 
8 to 12 weeks, although a patient gradually can be weaned
from use of an assistive device during ambulation, most
continue to use at least a cane well beyond this time frame.

During the intermediate and final phases of rehabilitation,
the emphasis is on increasing strength and functional control
of the involved lower extremity and gradually increasing the
patient’s level of functional activities. However, patients often
are discharged from supervised therapy by 7 to 9 weeks or no
later than 12 weeks postoperatively.

Extended exercise programs after surgery for hip frac-
ture. Several studies have demonstrated that after a stan-
dard course of postoperative rehabilitation and with
clearance from the patient’s surgeon, an extended program
of properly supervised, carefully progressed resistance 
exercises for strength training, begun as early as 6 weeks 
or as late as 5 to 7 months postoperatively (depending 
on the intensity of the exercise program), is safe and 
effective.19,60,67,91,145,146

The intensity, frequency, and duration of the extended 
exercise program varied in these studies, and the equipment
used for resistance training ranged from elastic resistance
products to weight machines. Features of the exercise pro-
grams implemented in three of the studies are summarized
in Table 20.5. Additional details and outcomes of these studies
are addressed at the conclusion of this section on postopera-
tive management after hip fracture.

CLINICAL TIP
After hip fracture surgery, mildly to moderately frail elderly
individuals who complete a standard course of postoperative
therapy followed by 6 months of an extended exercise program
that includes progressive resistance exercise training can expect
that their fractured extremity will achieve a level of strength
at least equivalent to that of their nonfractured extremity.67
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Facility based; group
format for
intervention group
and home-based
program for control
group
Begun no more than
16 weeks postsurgery

TABLE 20.5 Summary of Studies of Extended Exercise Programs Following Surgery for Hip Fracture

First Author and Subjects: (n) and Setting, Format, and Frequency, Duration, Features of 
Type of Study Mean Age Timing of Intervention and Types of Exercise PRE Training

Binder19

RCT with two 
groups

N = 90
Intervention
group: n = 46; 
80 years
Control group: 
n = 44; 81 years

Intervention group:
Two 3-month phases,
three weekly sessions
Phase 1: total of 
22 exercises
(flexibility, balance,
aerobic training, 
low-intensity
resistance exercises)

One or two sets, six to
eight reps at 65% of
initial 1-RM progressing
to three sets, 8 to 
12 reps at 85%–100%
initial 1-RM
Weight machines
Exercises: bilateral knee
flexion and extension,

Continued
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TABLE 20.5 Summary of Studies of Extended Exercise Programs Following Surgery for Hip Fracture—cont’d

First Author and Subjects: (n) and Setting, Format, and Frequency, Duration, Features of 
Type of Study Mean Age Timing of Intervention and Types of Exercise PRE Training

Hauer60

RCT with two 
groups
Mangione91

RCT with three 
groups

Mangione91 RCT 
with three groups

Latham83

RCT with two 
groups

Singh150

RCT with two 
groups

N = 28; all at least
75 years
Intervention
group: n = 15;
81.7 years
Control group: 
n = 13; 80.8 years

N = 33
Resistance group:
n = 11; 77.9 years
Aerobic group: 
n = 12; 79.8 years
Control group: 
n = 10; 77.8 years

N = 232;
Intervention: 
n = 120 (Age 77.2)
Control: n = 112
(Age 78.9) 

N = 124;
Intervention: 
n = 62 (Age 80.1)
Control: n = 62
(Age 78.4)

Facility based; 
group format; begun
6–8 weeks
postfracture

Home based;
individual format;
begun 19.4, 19.7, 
and 12.6 weeks 
after surgery,
respectively, for
resistance, aerobic,
and control groups

Home based;
individual format 
after traditional rehab;
time since fracture
9.5 months for
intervention group,
8.6 months for 
control group

Clinic based,
individually
prescribed; training
began 6 to 8 weeks
after fracture

Phase 2: Moderate- 
to high-intensity PRE
added to shortened
phase 1 program
Control group: A
portion of phase 
1 exercises, no PRE

Intervention group:
Three weekly
sessions for 3
months; PRE, balance,
and functional
training
Control group:
Stretching, seated
calisthenics, memory
tasks.

Total of 3 months:
two sessions weekly
for 2 months,
followed by 1 session
weekly for 1 month

6-month program:
Three sessions 
per week
Intervention Group:
Functional tasks and
standing exercises.
Control Group:
Nutrition education
for cardiovascular
health.

12-month program:
Twice per week
Intervention Group:
High-intensity PRE
Control Group: Usual
multidisciplinary care

leg press, seated bench
press, biceps curl,
seated rowing

Two sets at 70%–90% of
1-RM intensity
Weight machines and
body weight resistance
Exercises: leg press,
hip/knee extension,
plantarflexion

Three sets of eight reps
at the 8-RM intensity
Portable resistance unit
or body weight
resistance
Exercises: supine hip
and knee extension, 
hip abduction, standing
hip extension; standing
plantarflexion (heel
raises)

Functional tasks with
elastic resistance;
Standing exercises with
weighted vests and
varying step heights 

Whole-body PRE (80% of
peak upper and lower
body strength);
Progressive balance
training

Goals and interventions. The following goals and exercises
are appropriate during the intermediate and advanced phases
of rehabilitation.

■  Increase flexibility of any chronically shortened muscles.
Muscles typically involved include the ankle plantarflexors,

hip flexors, and hamstrings. Suggested stretching tech-
niques include:
■ Heel cord stretching with a towel or with the assistance

of a caregiver while sitting on a bed with the knee ex-
tended and later while standing.
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■ Hip flexor stretching in the supine (Thomas test) position.
■ Hamstring stretching by sitting on the edge of a table

with one leg supported in hip flexion and knee extension
and the other in extension over the side of the support
surface (see Fig. 20.18).

■  Improve strength and muscular endurance in the lower
extremities for functional activities. Refer to the section
on exercise interventions later in the chapter for descrip-
tions of the following exercises.
■ Bilateral, closed-chain active exercises, such as mini-

squats and heel raises using body weight as the source of
resistance and a table or walker for support and balance
as soon as partial weight bearing on the operated lower
extremity is permissible.

■ Lunges and forward and lateral step-ups when weight
bearing to tolerance is allowable.

■ Open-chain hip and knee exercises initially against light
to moderate resistance (up to 5 lb) with elastic resistance
or cuff weights. Emphasize hip extension and abduction
for a positive impact on ambulation.

■ Task-specific training, such as stair-climbing or carrying
small loads while ambulating.

■  Improve postural stability, neuromuscular responses,
standing balance, and functional mobility.
■ A progression of balance activities appropriate for 

the patient’s age and desired activity level (refer to
Chapters 8 and 23).

■ Progressive ambulation on various surfaces and at 
varying speeds.

■  Increase aerobic capacity/cardiopulmonary endurance.
■ Stationary bicycling, upper body ergometry, or treadmill

walking.
■ Aerobic conditioning activities, possibly in an age-

appropriate, community-based exercise class, to increase
walking distance and velocity.

 FOCUS ON EVIDENCE
A CPG for hip fracture management in the elderly1 notes
moderate support that supervised occupational and physical
therapy across the continuum of care improves functional
outcomes and prevents falls and strong support for intensive
physical therapy after discharge following a femur fracture.

Outcomes
General outcomes. The true measure of success of surgical
intervention and postoperative rehabilitation after hip frac-
ture is the extent to which a patient can return to his or her
prefracture level of function. The level of pre-injury func-
tional mobility in patients with femoral neck fractures has
been shown to be a critical factor in postoperative survival.66

In one follow-up study of patients after hip fracture, only 33%
had regained their pre-injury level of function in basic ADL
and instrumental ADL (IADL) 1 year postoperatively.72 Given

the advanced age and health status of the typical patient who
sustains a hip fracture, it is not surprising that 1 year postop-
erative mortality rates are high, ranging from 12% to 36% 
depending on the mean age, general health status, and severity
of the fracture.76 Beyond 1 year of recovery, mortality rates
are equal to age-matched subjects who have not sustained a
hip fracture.76

Among patients who survive 1 year postoperatively, 83%
demonstrated the ability to ambulate independently (50 feet
on an uncarpeted surface) in one study.11 In another study,
92% of patients returned to independent ambulation, but
only 41% regained their prefracture level of ambulation.77

In a study of community-dwelling older adults (mean age
83.4 years) 6 months after discharge from the hospital 
following a fall-related hip fracture, 53.3% (48/90) had 
experienced one or more falls.148 The need for an assistive
device during ambulation after hip fracture and the patient’s
prefracture fall history were predictors of a fall after hospital
discharge. 

Impact of rehabilitation. According to a report of the 
National Center for Medical Rehabilitation Research, the use
of therapeutic exercise is one of the least examined factors 
affecting outcomes after hip fracture.168 The minimal evi-
dence that does exist indicates that rehabilitation is associated
with positive outcomes. For example, in one study, the num-
ber of visits to physical therapy has been positively associated
with the ability to ambulate independently.11 Another study
indicated that the frequency of physical therapy visits increased
the likelihood of regaining functional independence and
going directly home from an acute care setting after hip
fracture surgery.58

In a randomized, controlled study, subjects who partici-
pated in a 1-month home exercise program increased their
knee extensor strength and increased their walking velocity to
a greater extent than the control group.145 Another random-
ized, controlled study that evaluated a 6-month home exercise
program of functional tasks and strengthening exercises
demonstrated significant improvements in performance-
based and subjective outcome measures for the intervention
group relative to the control group.83 Another study compared
the effects of a 2-week program of weight-bearing versus non-
weight-bearing exercises initiated during inpatient rehabilita-
tion and found that both groups demonstrated substantial
improvements in lower extremity muscle strength, balance,
gait, and other functional tasks. However, there were no sig-
nificant differences between groups.146 This study supports the
value of both types of exercise during early rehabilitation.

In the studies summarized in this section (see Table 20.6),
muscle strength and performance on a variety of functional
mobility and ADL tests improved to a significantly greater 
extent in the groups who participated in resistance training
than in the groups who participated in low-intensity or no
resistance training.19,60,91 The resistance training group in the
study by Binder and colleagues19 also reported a significant
decrease in the perceived levels of disability, whereas the
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control group, who performed only low-intensity exercises,
did not. The resistance training group in the investigation by
Hauer and associates60 noted improved perception of walking
steadiness but no change in fear of falling.

Moderate- to high-intensity resistance training after dis-
charge from a “standard” postoperative program appears to
be not only feasible, but also safe. Other than reports of mild
muscle soreness during the early weeks of resistance exercise
programs, training-related adverse events were reported 
in only one study, and these events were not specific to the 
involved hip.19 A more recent study evaluating a multidisci-
plinary intervention that included high-intensity exercises
showed reductions in risk of death and nursing home admis-
sions, plus lower reliance on assistive devices.150 However, 
not all extended rehabilitation programs after hip fracture
have been shown to be effective. The results of a study of 
individuals enrolled in a long-term, home-based, multifaceted
rehabilitation program (including extensive ADL and IADL
training) in comparison to a traditional postoperative exercise
and ambulation program for 6 months postoperatively demon-
strated no significant between group differences.158

Painful Hip Syndromes:
Nonoperative Management

Related Pathologies and Etiology 
of Symptoms
Painful symptoms in the hip region other than arthritis 
may be caused by pathologies involving the muscles, tendons,
bursae, or the acetabular labrum. Often, symptoms occur as
a result of overuse or repetitive trauma to the tissues and may
have underlying structural or faulty mechanical predisposing
factors.

 FOCUS ON EVIDENCE
The CPG for Nonarthritic Hip Joint Pain linked to the 
International Classification of Functioning, Disability and
Health45 identifies intra-articular structures as potential
sources of nonarthritic hip pain, including femoroacetabular
impingement, structural instability, labral tears, chondral 
lesions, loose bodies, and ligamentous teres tears, as well as
acknowledging extra-articular structural impairments in the
musculoskeletal system.

Musculotendinous Factors
Overuse or trauma to any of the musculotendinous units
in the hip region can result from excessive strain during 
a muscle contraction or from repetitive use with inade-
quate time allowed for the injured tissue to heal between
activities.

Tendinopathies and muscle strains. Commonly strained
muscles include the hip flexors, adductors, and hamstrings.
Decreased flexibility and muscle fatigue may predispose an
individual to strains and/or injury during an activity or sport-
ing event; sudden falls, such as slipping on ice, may also cause
a muscle strain.

Repetitive trauma. Strength and flexibility imbalances
among agonist/antagonist muscle pairs or among synergistic
muscles may result in overuse injuries related to repetitive or
high-intensity activities. Common overuse syndromes at the
hip may reflect dominance of the tensor fasciae latae and rec-
tus femoris as hip flexors, abductors, and internal rotators
with apparent weak gluteus medius and gluteus minimus
muscles or dominance of the hamstrings over the gluteus
maximus.142 Overuse of the piriformis muscle with apparent
weakness of the gluteus maximus and medius muscles has
also been reported.159 Because of the relationship of these
muscles with the pelvis and knee as well as the effect of faulty
mechanics on weight-bearing function, patients with these
muscle imbalances may also present with low back or knee
symptoms.

Bursitis
Trochanteric bursitis. With inflammation of the trochanteric
bursa, pain is experienced over the lateral hip and possibly
down the lateral thigh to the knee when the iliotibial band rubs
over the greater trochanter. Discomfort may be experienced
after standing asymmetrically for long periods with the affected
hip elevated and adducted and the pelvis dropped on the 
opposite side. Ambulation and climbing stairs aggravate the
condition. Muscle flexibility, strength imbalances, and the 
resulting faulty pelvic motion may be the predisposing factors
leading to bursal irritation.

Psoas bursitis. Pain is experienced in the groin or anterior
thigh and possibly into the patellar area when there is inflam-
mation of the psoas bursa. Activities requiring excessive,
repetitive hip flexion aggravate the condition.

Ischiogluteal bursitis (Tailor’s or Weaver’s Bottom).
When there is inflammation of the ischiogluteal bursa, pain
is experienced around the ischial tuberosity, especially when
sitting. If the adjacent sciatic nerve is irritated from the
swelling, symptoms of sciatica may occur.

Femoroacetabular Impingement
Trauma, acetabular labral impingement, capsular laxity, dys-
plasia, and degeneration are causative factors for tears in the
acetabular labrum leading to anterior hip or groin pain.6,57,86,164

There may be associated structural abnormalities in the acetab-
ulum or femur.6 Acetabular labral pathology is associated with
hip OA in older patients.57 Patients usually present with pain
that is activity dependent and describe mechanical symptoms
such as clicking, locking, catching, or giving way.86 Groin pain
is most often related to an anterior tear, and buttock pain is
most often related to a posterior tear. With an anterior lesion,
positive tests typically include pain with the impingement test
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(combined flexion, adduction, and internal rotation) and with
the scour test.6 The log roll test may elicit pain or clicking when
rolling the femur into internal rotation, and there may be 
restricted mobility and groin pain with the FABER (flexion, 
abduction, external rotation) test. Muscle flexibility and
strength imbalances have been reported, including tightness of
hip flexors and lumbar extensors and weak, inhibited gluteal
and abdominal muscles.57 Radiographic imaging and MRI
(using gadolinium contrast) are usually performed to diagnose
labral pathology.

CLINICAL TIP
Although FAI is often treated surgically, a period of conser-
vative management is advocated that addresses any biome-
chanical impairment. Emphasize alignment of the hip joint,
reduce anteriorly directed forces on the joint, and develop a
length/strength balance in the muscles of the hip. Strengthen
the hip abductors, gluteus maximus, iliopsoas, and external
rotators and develop flexibility in the hamstring muscles.
Avoid hip rotation under loads (pivoting) and correct faulty
gait, such as knee hyperextension, which causes hip hyperex-
tension during stance.86 No exercise should cause pain.

Common Impairments of Structure
and Function
Pain. With musculotendinous strains, symptoms occur
when the involved muscle is contracted or stretched or when
the provoking activity is repeated, often restricting participa-
tion in daily activities, community mobility, or sports activi-
ties. With impingement (bursa or labral tears), symptoms
typically occur when the involved tissue is pinched between
opposing structures.

Gait deviations. Slightly shorter stance occurs on the painful
side. There may be a slight lurch or shift in the gait to mini-
mize forces on the impaired structures.

Imbalance in muscle flexibility and neuromuscular con-
trol. Flexibility or altered patterns of activation in synergistic
muscles may be precipitating factors in many painful hip syn-
dromes. Imbalances are described in the introductory section
of this chapter and summarized in the descriptions of painful
hip syndromes.

Decreased muscular endurance. Muscle fatigue may lead
to altered joint posture, stress, and imbalanced muscle use as
described previously.

Management: Protection Phase
Patient Education
Advise the patient on the importance of modifying activities.
Tailor the modifications to the patient’s impairments, such as
avoiding the impinged position; altering the sitting, standing,

or sleeping positions that provoke symptoms; using an assis-
tive device temporarily to reduce stress; or avoiding exercises
that aggravate the patient.45

Control Inflammation and Promote Healing
When there is chronic irritation or inflammation from an
acute injury, follow the guidelines as described in Chapter 10,
with emphasis on resting the involved tissue by not stressing
or putting pressure on it. 

Develop Support in Related Areas
Initiate exercises to maximize neuromuscular control and
alignment of the pelvis and hip and to develop strength in
weak muscles. Avoid stressing the inflamed tissue during 
exercise. Patient education and cooperation are necessary to
reduce repetitive trauma.

Management: Controlled Motion
Phase
When acute symptoms have decreased, initiate a progressive
exercise program within the tolerance of the involved tissues
to improve muscle performance. The program should em-
phasize regaining a balance in length; neuromuscular control;
strength; and endurance in the muscles of the hip, trunk, and
the rest of the lower extremity.

Develop a Strong Mobile Scar and Regain
Flexibility
Remodel the scar in muscle or tendon, if suspected, by apply-
ing cross-fiber massage to the site of the lesion (if accessible)
followed by multiple-angle submaximal isometrics in pain-
free positions.

Develop a Balance in Hip Muscle Length and
Strength 
Specific exercises are described in the exercise sections of this
chapter.

■  Stretch any muscles that are restricting motion with 
gentle, progressive techniques. Instruct the patient to do
self-stretching with proper stabilization to ensure that
the stretches are performed safely and effectively.

■  Begin developing neuromuscular control to train muscles
to optimally align the femur with emphasis on hip external
rotation, external rotation combined with abduction, and
hip extension with emphasis on the gluteus maximus. 

■  When the patient is aware of proper muscle control and is
able to maintain segment alignment, progress to strength-
ening the weakened muscles through the range of joint 
motion.

■  Initiate controlled weight-bearing exercises when tolerated.
Because the individual is probably standing and walking
during daily activities, they may not tolerate additional
closed-chain activities than those initiated during the heal-
ing stage, so proceed with caution. Carefully observe the
exercises so proper movement patterns are used.
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CLINICAL TIP
With the common faulty pattern of increased hip adduction
and internal rotation when bearing weight, valgus collapse 
at the knee is also likely. Increase the patient’s awareness of
knee alignment by having them focus on maintaining the
knee in line vertically over the foot when descending stairs or
sitting down.

■  Muscles not directly involved in the pathology should be
stretched and strengthened if they are contributing to
asymmetrical forces. The patient may not have sufficient
trunk coordination or strength, which may also contribute
to the underlying problem if hip muscles must overcom-
pensate. (See Chapter 16 for suggestions for developing
control and stabilizing function in the trunk muscles.)

■  Use exercises that encourage symmetrical muscle activation,
such as biking or partial weight-bearing and weight-shifting
activities in the parallel bars. Observe the coordination and
movement patterns between the trunk, hip, knee, and ankle. 

■  Stop exercise with the onset of fatigue, when substitute mo-
tions appear, or if pain develops in the weakest segment in
the chain.

Develop Muscle and Cardiopulmonary
Endurance
■  For muscle endurance, have the patient perform each 

exercise safely for 1 to 3 minutes before progressing to the
next level of difficulty.

■  Determine aerobic activities that do not exacerbate the 
patient’s symptoms. It may be that the patient simply needs
to modify the intensity of the activities used in their current
aerobic program.

Patient Education
Initiate a home exercise program as soon as the patient has
demonstrated correct neuromuscular control and safety and
independence with stretching, strengthening, and aerobic 
activities. Provide regular follow-up instruction for modifi-
cation and progression of the program.

Management: Return to Function
Phase
■  Progress closed-chain and functional training to include

balance, neuromuscular control, and muscular endurance.
■  Use specificity principles; increase eccentric resistance and

demand for controlled speed if necessary for return to
work, activities, or sporting events.

■  Progress to patterns of motion consistent with the desired
outcome. Use acceleration/deceleration drills and plyomet-
ric training.

■  Assess total body functioning while the patient performs
the desired activity. Facilitate the proper timing and sequenc-
ing of events during functional movements.

■  Prior to returning to the desired function, have the patient
practice the activity in a controlled environment and for
an abbreviated time period. As tolerated, introduce vari-
ability in the environment and increase the intensity and
duration of activities.

 FOCUS ON EVIDENCE
The CPGs for Nonarthritic Hip Joint Pain45 support inter-
ventions that include patient education and counseling that
minimize aggravating factors and manage pain; joint and
soft tissue mobilization procedures for hip joint capsular
and fascial restrictions; therapeutic exercise for flexibility,
strengthening, and conditioning; and neuromuscular re-
education for coordination.

Exercise Interventions 
for the Hip Region

No matter what the cause, muscle strength or flexibility imbal-
ance in the hip can lead to abnormal lumbopelvic and hip
mechanics, which can contribute to low back, sacroiliac, 
or hip pain (see Chapters 14 through 16). Abnormal hip 
mechanics from muscle flexibility and strength imbalances
may also affect the knee and ankle during weight-bearing 
activities, potentially causing overuse syndromes or increased
stress in these regions (see Chapters 21 and 22).

Exercise Techniques 
to Increase Flexibility 
and Range of Motion

The exercise techniques in this section are suggestions for cor-
recting limited flexibility of the musculature and periarticular
tissues crossing the hip. Principles and techniques of passive
stretching and neuromuscular inhibition are presented in
Chapter 4 and those of joint mobilization/manipulation in
Chapter 5. Specific manual and self-stretching techniques are
described in this section.

Flexibility (self-stretching) exercises, chosen according to
the degree of limitation and ability of the patient to partic-
ipate, can be valuable for reinforcing therapeutic interven-
tions performed by the therapist. Not all of the following
exercises are appropriate for every patient. Consequently,
the therapist should select exercises and their intensity 
appropriate for each patient’s level of function and progress
each exercise as indicated. Recall that when the patient is
able to contract the muscle opposite the range-limiting
muscle, not only is the agonist being trained, but there is 
the added benefit of reciprocal inhibition of the shortened
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(antagonist) muscles. This principle is key to achieving 
effective joint control in the newly gained ROM.

Techniques to Stretch Range-Limiting
Hip Structures
NOTE: Two-joint muscles can restrict full ROM of the hip when
simultaneously lengthened at the knee joint. This first section
describes stretches to increase hip motions only. Therefore, the
two-joint muscles must be kept on slack across the knee during
these stretches. Techniques to stretch specific two-joint mus-
cles are described in the second section.

To Increase Hip Extension

Prone Press-Up
Patient position and procedure: Prone with hands on a
table at shoulder level. Have the patient press the thorax up-
ward and allow the pelvis to sag (see Fig. 15.4B).

PRECAUTION: This exercise also moves the lumbar spine into
extension; if it causes pain to radiate into the patient’s leg rather
than providing just a stretch sensation in the anterior trunk, hip,
and thigh, it must not be performed.

“Thomas Test” Stretch
Patient position and procedure: Supine with the hips
near the end of the treatment table, both hips and knees
flexed, and the contralateral thigh held against the chest
with the arms. Have the patient slowly lower the thigh to
be stretched toward the table in a controlled manner and
allow the knee to extend, so the two-joint rectus femoris
does not limit the range. Do not allow the thigh to exter-
nally rotate or abduct. Direct the patient to let the weight
of the leg produce the stretch force and to relax the tight
muscles at the end of the range (Fig. 20.10). The therapist
may apply a passive stretch force manually, or a hold-relax
technique may be used by applying a force to the distal
thigh (see Fig. 4.26).

Modified Fencer Stretch
Patient position and procedure: Stand in a fencer’s lunge-
like posture with the involved leg in back (extended) and 
uninvolved leg forward. Position the back leg in the same
plane as the front leg and the foot pointing forward. Have the
patient first do a posterior pelvic tilt and then shift the body
weight onto the anterior leg until a stretch sensation is felt in
the anterior hip region of the back leg (Fig. 20.11). If the heel
of the back foot is kept on the floor, this exercise may also
stretch the gastrocnemius muscle. 

Kneeling Fencer Stretch
Patient position and procedure: Kneel on the side to be
stretched, with the uninvolved leg forward in hip/knee flexion
and the foot on the ground. Have the patient first do a poste-
rior pelvic tilt and then shift the body weight onto the anterior
leg until a stretch sensation is felt in the anterior hip region

of the back leg. Positioning the involved hip in internal rota-
tion may enhance this stretch.

To Increase Hip Flexion

Bilateral Knee to Chest Stretch
Patient position and procedure: Supine. Have the patient
bring both knees toward the chest and grasp the thighs firmly
until a stretch sensation is felt in the posterior hip region.
Monitor the position carefully, because if the pelvis lifts up
off the mat, the lumbar spine flexes and the stretch force is
transmitted there instead of to the hips.
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FIGURE 20.10 Self-stretching to increase hip extension. The pelvis
is stabilized by holding the opposite hip in flexion. The weight of the
thigh provides a stretch force as the patient relaxes. Allowing the
knee to extend emphasizes the one-joint hip flexors (iliopsoas),
whereas maintaining the knee in flexion and hip neutral to rotation as
the thigh is lowered emphasizes the two joint rectus femoris and
tensor fasciae latae muscles.

FIGURE 20.11 Self-stretching of the hip flexor muscles and soft 
tissue anterior to the hip using a modified fencer’s squat posture.
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Unilateral Knee to Chest Stretch
Patient position and procedure: Supine. Have the patient
bring one knee to the chest and grasp the thigh firmly against
the chest while keeping the other lower extremity extended
on the mat. This position isolates the stretch force to the hip
being flexed and helps stabilize the pelvis.

To emphasize a stretch of the gluteus maximus muscle,
have the patient pull the knee toward the opposite shoulder.

Quadruped (All Fours) Stretch
Patient position and procedure: On hands and knees. Have
the patient rock the pelvis into an anterior tilt, causing lumbar
extension (Fig. 20.12 A); then maintain the lumbar extension
and shift the buttocks back in an attempt to sit on the heels.
The hands remain forward (Fig. 20.12 B). It is important not
to let the lumbar spine flex while holding the stretch position,
so the stretch affects the hip.

wall. Have the patient abduct both hips as far as possible with
gravity causing the stretch force (Fig. 20.13).

To Increase Hip Abduction and External
Rotation Simultaneously
■  Patient position and procedure: Sitting or supine with soles

of feet together and hands on the inner surface of the
knees. Have the patient push the knees down toward the
floor with a sustained stretch. The stretch can be increased
by pulling the feet closer to the trunk.

NOTE: When this stretch is performed supine, teach the patient
to stabilize the pelvis and lumbar spine by actively contracting
the abdominal muscles and maintaining a neutral spinal position.

■  Patient position and procedure: Sitting or supine hook-lying,
with ankle of extremity to be stretched placed on the 
opposite thigh (FABER or figure-4 position) (Fig. 20.14).
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FIGURE 20.12 Gluteus maximus self-stretch with lumbar spine
stabilization. (A) The patient on all fours rocks into an anterior
pelvic tilt, causing lumbar extension. (B) While maintaining lumbar
extension, the patient shifts the buttocks back, attempting to sit on
the heels. When lordosis can no longer be maintained, the end-
range of hip flexion is reached; this position is held for the stretch.

Short-Sitting Stretch
Patient position and procedure: Sitting in a chair or at edge
of elevated exercise mat (so that the hips are positioned in 90°
of flexion) with the pelvis rotated anteriorly and the low back
extended to stabilize the spine. Have the patient grasp the front
of the chair seat (or mat) and lean or pull the trunk forward,
keeping the back arched, so the motion occurs only at the hips.

To Increase Hip Abduction
Patient position and procedure: Supine with both hips
flexed 90°, knees extended, and legs and buttocks against the

FIGURE 20.13 Self-stretching of the adductor muscles with the
hips at 90˚ of flexion.

FIGURE 20.14 Self-stretching to increase hip abduction and exter-
nal rotation using the figure-4 position.
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Have the patient push the knee down with one hand while
stabilizing the ankle on the thigh with the other hand.

To increase the stretch on the posterior hip musculature,
have the patient bend forward at the hips (or bring the
flexed knee toward the chest if in hook-lying) while main-
taining the lumbar spine in extension and pelvis in midline
(not tipping to one side).

■  Patient position and procedure: Standing in a fencer’s posi-
tion but with the back leg externally rotated. Have the 
patient shift the weight onto the front leg until a stretch
sensation is felt along the medial thigh in the hind leg.

To Increase Hip Internal Rotation
Patient position and procedure: Long-sitting position on
a mat with the leg of the hip to be stretched flexed and crossed
over the opposite leg (Fig. 20.15). Keep the foot planted and
adduct and internally rotate the hip by moving the knee 
medially.

Techniques to Stretch Range-Limiting,
Two-Joint Muscles
Rectus Femoris Stretches
NOTE: The rectus femoris is the only 2-joint component of the
quadriceps femoris muscle group. It is elongated using hip 
extension while maintaining the knee in flexion.

“Thomas Test” Stretch
Patient position and procedure: Supine with the hips near
the end of the treatment table, both hips and knees flexed,
and the thigh on the side opposite the tight hip held against
the chest with the arms. While keeping the knee flexed, have
the patient lower the thigh to be stretched toward the table in
a controlled manner. Do not allow the thigh to externally 
rotate or abduct. Direct the patient to let the weight of the leg
produce the stretch force and to relax the tight muscles at the
end of the range. The patient can attempt to further extend
the hip by contracting the extensor muscles (see Fig. 20.10
but with the knee flexed).

NOTE: This is the same stretch used to increase hip extension—
except to stretch the rectus femoris, the knee is kept flexed so
the range for hip extension is less.

Prone Stretch
Patient position and procedure: Prone with the knee flexed
on the side to be stretched. Have the patient grasp the ankle
on that side (or place a towel or strap around the ankle to pull
on) and flex the knee. As the muscle increases in flexibility,
place a small folded towel under the distal thigh to further 
extend the hip.

NOTE: Do not allow the hip to abduct or externally rotate or
allow the spine to hyperextend.

Standing Stretch
Patient position and procedure: Standing with the hip 
extended and knee flexed and grasping the ankle. Instruct the
patient to maintain a posterior pelvic tilt and neutral hip 
abduction/adduction and not allow the back to arch or side
bend during this stretch (Fig. 20.16). 
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FIGURE 20.15 Self-stretching to increase internal rotation of the hip.

FIGURE 20.16 Self-stretching of the rectus femoris while standing.
The femur is kept in line with the trunk. Care must be taken to main-
tain a posterior PT and not arch or twist the back.

NOTE: If the rectus femoris is too tight to stretch safely in this
manner, the patient may place his or her foot on a chair or
bench located behind the body rather than grasping the ankle.

Hamstrings Stretches
NOTE: The two-joint hamstring muscle group is stretched by
flexing the hip while maintaining the knee in extension.

Straight Leg Raising
Patient position and procedure: Supine with a towel 
behind the thigh. Have the patient perform an SLR of the
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restricted extremity by maintaining the knee in extension
and flexing the hip, and pulling on the towel to move the hip
into more flexion.

Hamstrings Stretch in Doorway
Patient position and procedure: Supine, on the floor, with
one leg through a doorway and the other leg (the one to be
stretched) propped up against the door frame. For an effective
stretch, the pelvis and opposite leg must remain on the floor
with the knee extended.

■  To increase the stretch when the patient is able, have the
patient move the buttock closer to the doorframe, keeping
the knee extended (Fig. 20.17 A).

■  Teach the patient to perform the hold-relax/agonist con-
traction technique by pressing the heel of the leg being
stretched against the doorframe, causing an isometric con-
traction, relaxing it, then lifting the leg away from the frame
(Fig. 20.17 B).

of a treatment table, with the leg to be stretched on the
table and the opposite foot on the floor. Have the patient
lean the trunk forward toward the thigh, maintaining the
back in neutral so there is motion only at the hip joint
(Fig. 20.18).

■  Alternate position: Standing with the extremity to be
stretched on a stool or the seat of a chair. Have the patient
lean the trunk forward toward the thigh, keeping the back
stabilized in neutral so that motion is only at the hip joint.

Bilateral Toe Touching
NOTE: Bilateral toe touching exercises are often used to
stretch the hamstring muscles in exercise classes. It is impor-
tant to recognize that having the patient reach for the toes
does not selectively stretch the hamstrings but stretches the
low back and mid-back as well. Toe touching is considered a
general flexibility exercise and tends to mask shortening of soft
tissues in one region and overstretch areas already flexible.
Whether a person can touch the toes depends on many factors
(e.g., body type; arm, trunk, and leg length; flexibility in the tho-
racic and lumbar regions; and hamstring and gastrocnemius
length).

Patient position and procedure: Standing. To discourage
the “toe touch” idea, teach the patient to place the hands on
the hips when bending forward. To specifically stretch the
hamstrings using the forward-bend method while standing,
teach the patient to first do an anterior pelvic tilt to extend
the lumbar spine; then maintain the back position and bend
only at the hips (“hinge at the hips”) moving only through
the range of forward bending in which the spine can be main-
tained in extension. The stretch sensation should be felt in the
hamstring region.

PRECAUTION: This stretching technique should not be used
when the patient has low-back impairments because forward
bending greatly increases muscle activation and mechanical
stress to the tissues of the low back.
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FIGURE 20.17 Self-stretching of the hamstring muscles. Additional
stretch can occur if the person either (A) moves the buttock closer 
to the door frame or (B) lifts the leg away from the doorframe.

Hamstrings Stretch on Chair or Table
■  Patient position and procedure: Sitting with the leg to be

stretched extended to another chair, or sitting at the edge

FIGURE 20.18 Self-stretching the hamstring muscles by leaning the
trunk toward the extended knee, flexing at the hips.
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Tensor Fasciae Latae and Iliotibial Band
Stretches
NOTE: The tensor fasciae latae (TFL) inserts into the iliotibial
(IT) band, which inserts into the extensor mechanism and lateral
fascia of the knee. The TFL is a hip flexor, abductor, and internal
rotator; for an effective stretch, all three components must be
addressed. In addition, for an effective stretch of the muscle,
the IT band must be positioned across the greater trochanter
and the knee must be flexed. Adding knee flexion at later stages
is a more aggressive technique that may also enhance the 
effectiveness of TFL stretches. 

Supine Stretch
Patient position and procedure: Supine with two pillows
under the hips and back to position the hips in extension. 
Instruct the patient to cross the uninvolved extremity over 
the top of the involved extremity, so the involved thigh has
room to move into adduction and internal rotation. The foot
of the uninvolved extremity is placed lateral to the knee of 
the adducted thigh and assists in holding the stretch position
(Fig. 20.19).

the hip. (This ensures that the IT band is positioned over
the greater trochanter.) Then have the patient adduct the
hip in slight external rotation until tension is felt along the
lateral aspect of the knee. If tolerated, a 2- to 5-lb weight is
placed distally over the lateral thigh for added stretch, and
the position maintained for 20 to 30 minutes (also see
manual stretching Fig. 4.29).

■  Fascial release procedure for the IT band in side-lying.
Refer to the description and illustration of the foam roller
release in Chapter 21 (see Fig. 21.22).

Standing Stretch
Patient position and procedure: Standing with the side to
be stretched toward a wall and the hand on that side placed
on the wall. Have the patient extend, adduct, and externally
rotate the extremity to be stretched and cross it behind the
other extremity. With both feet on the floor, have the patient
shift his or her pelvis toward the wall and allow the normal
knee to bend slightly (Fig. 20.21). There is a slight side-
bending of the trunk away from the side being stretched. 

Exercises to Develop 
and Improve Muscle
Performance and Functional
Control

During the controlled motion and return to function phases
of intervention, when only moderate or minimum protection
of healing tissues is necessary, the patient must learn to 
develop control of hip movement while using good trunk 
stability. For a muscle that has not been functioning normally
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FIGURE 20.19 Self-stretching of the tensor fascia latae: supine. 
Pillows support the spine and pelvis, allowing the hips to extend. 
The crossed-over foot stabilizes the femur in adduction and external
rotation.

Side-Lying Stretch
■  Patient position and procedure: Side-lying, with the leg to

be stretched uppermost. The bottom extremity is flexed for
support, and the pelvis is tilted laterally, so the waist is
against the mat or floor. Abduct the top leg and align it in
the plane of the body (in extension). While maintaining
this position, have the patient externally rotate the hip and
then gradually lower (adduct) the thigh to the point of
stretch (Fig. 20.20 A).

NOTE: It is critical to keep the trunk aligned and not allow it to
roll backward. If the trunk rolled backward, the hip would then
flex, and the iliotibial tract would slip in front of the greater
trochanter, preventing an effective stretch.

■  Progression: Secure a belt or sheet around the ankle of the
involved leg and have the patient hold onto the other end
placed over the shoulder (Fig. 20.20 B). Instruct the patient
to first flex the knee and abduct the hip and then extend

FIGURE 20.20 Self-stretching of the tensor fascia latae: side-lying.
(A) The thigh is abducted in the plane of the body; then it is 
extended and externally rotated, then slowly lowered. Additional
stretch occurs by flexing the knee. (B) Progress the intensity of 
a sustained stretch by pulling the hip into extension with a strap 
and adding a weight.

A

B
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because other muscles are more active, exercises begin with
developing patient awareness of muscle contractions and
movements through graded isometrics and controlled ROM
exercises. If muscle shortening has prevented full ROM, de-
velopment of muscle control in any newly gained range must
immediately follow stretching activities. Principles for im-
proving muscle performance as well as techniques for manual
resistance exercise and methods of mechanical resistance are
described in Chapter 6. Manually applied resistance should
be used when muscles are weak or when helping the patient
focus on activating specific muscles.

Exercises described in the following sections may be
adapted for home exercise programs and progressed by in-
tegrating advanced function training exercises described in
Chapter 23. Choose exercises that challenge the patient to
progress toward the functional goals established in the plan
of care.

Open-Chain (Nonweight-Bearing)
Exercises
Even though weight-bearing activities dominate lower ex-
tremity function, when a patient is weak or has poor control
of specific muscles or movement patterns, it is advantageous
to begin exercises in nonweight-bearing positions, so the 
individual can learn to isolate muscle activity and control
specific motions. In addition, many functional activities have
a nonweight-bearing component, such as the swing phase in
gait, lifting the leg up to a step when going upstairs, and lifting
the lower extremity into a car or onto a bed.

To Develop Control and Strength of Hip
Abduction (Gluteus Medius, Gluteus Minimus,
and Tensor Fasciae Latae)
NOTE: When a patient is observed to flex and internally rotate
the thigh when abducting the hip, there may be a muscle 
activation imbalance between the TFL and gluteus medius.
Most often, the TFL is dominant and the stabilizing forces
from the gluteus medius are poorly controlled with this move-
ment pattern.142 To manage this, the posterior fibers of the
gluteus medius and minimus must be trained to contract 
and control external rotation while the TFL relaxes. If there is
sufficient control of rotation, abduction is performed utilizing
the optimum synergy between these muscles. Techniques 
to address this imbalance are described in the following 
sections.

Supine Abduction
Patient position and procedure: Supine with the hips
and knees extended. Have the patient concentrate on iso-
lated hip abduction while keeping the trunk still. Do not 
let the femur roll outward into external rotation. Supine 
abduction is the easiest position in which to initiate mo-
tion, because the influence of gravity on the abductors is
eliminated.

■  For very weak abductors (< 3/5 manual muscle test grade),
provide assistance or place a skate or towel under the leg
to minimize the effects of friction.

■  If the abductors are not strong enough to progress to
antigravity training in the side-lying position, place 
a weight, such as a sandbag, along the lateral aspect of
the thigh or ankle and have the patient push the weight
outward.

Side-Lying Abduction
NOTE: If the TFL is tight, the range into extension or adduction
may be limited. It is important to stretch this muscle (see
Figs. 20.19, 20.20, and 20.21) prior to performing hip abduction
to strengthen the gluteus medius. Be certain that the patient
does not let the hip flex or internally rotate during these exer-
cises to minimize action of the TFL. If the patient has difficulty
controlling hip rotation while abducting in the side-lying posi-
tion, first develop strength in the external rotators as described
later in this section.

Patient position and procedure: Side-lying with the bot-
tom hip and knee flexed for stability. Have the patient lift the
top leg into abduction, keeping the hip neutral to rotation
and in slight extension. Do not allow the hip to flex or the
trunk to roll backward. 

■  Add ankle weights to provide resistance as the patient’s
strength improves.

Standing Abduction
Patient position and procedure: In single-leg stance, have
the patient move the nonweight-bearing lower extremity out
to the side. Instruct the patient to maintain the trunk upright
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FIGURE 20.21 Self-stretching of the tensor fasciae latae: stand-
ing. The pelvis shifts toward the tight side with a slight side bend 
of the trunk away from the tight side. Increased stretch occurs
when the extremity is positioned in external rotation prior to 
the stretch.
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in neutral alignment and avoid hiking the pelvis and flexing
or rotating the abducting hip.

■  Add resistance by applying an ankle weight on the moving
leg or by using pulleys or elastic resistance applied at right
angles to the moving extremity.

■  The abductors on the weight-bearing lower extremity con-
tract isometrically to stabilize the pelvis (see Fig. 20.26 B).

To Develop Control and Strength of Hip
Extension (Gluteus Maximus)

Gluteal Muscle Setting
Patient position and procedure: Supine or prone. Use gluteal
setting exercises to increase awareness of the contracting mus-
cle; teach the patient to “squeeze” (contract) the buttocks.

Standing Leg Lifts With Trunk Support
Patient position and procedure: Standing at the edge of a
treatment table with the trunk flexed and supported on the
table. Have the patient alternately extend one hip, then the
other. This is done with the knee flexed to train the gluteus
maximus while relaxing the hamstrings. To progress, add
weights or elastic resistance to the distal thigh.

CLINICAL TIP
When attempting hip extension with the knee flexed, if the
hamstrings cramp from active insufficiency, the patient is
using the hamstrings rather than the gluteus maximus and
should learn to alter this contraction pattern. Help them refo-
cus on the maximus by using isometrics in various positions
before progressing with this exercise.

Quadruped Leg Lifts
Patient position and procedure: In the quadruped posi-
tion or lying prone over a large gym ball, have the patient 
alternately extend each hip while keeping the knee flexed
(Fig. 20.22). Combine this exercise with trunk stabilization

by first having the patient find the neutral pelvic position,
drawing in the abdominal muscles, then extending the hip
(see Chapter 16). 

CLINICAL TIP
When instructing a patient in hip extension exercises, care is
taken not to extend the hip beyond the available range of hip
extension; otherwise, the motion causes stress in the sacroiliac
joint or lumbar spine. Emphasize spinal stabilization when
performing hip extension.

Standing Extension
Patient position and procedure: In single-leg stance, have
the patient extend the opposite hip (see Fig. 20.26 A). In-
struct the patient to maintain the trunk upright in neutral
alignment and not allow the moving hip to extend beyond
the normal range.

■  To add resistance, apply an ankle weight on the moving leg
or by using pulleys or elastic resistance applied at right 
angles to the moving extremity.

■  The hip musculature on the weight-bearing lower extrem-
ity must contract isometrically to stabilize the pelvis.

To Develop Control and Strength of Hip
External Rotation

Prone Isometrics
Patient position and procedure: Prone with knees flexed
and about 10 inches apart. Have the patient press the medial
aspect of the heels together, causing an isometric contraction
of the external rotators. This also may be done with the knees
extended; emphasize the sensation of the thighs rolling out-
ward, not adducting.

Clam Shell Exercise
NOTE: Clam shell exercises combine hip external rotation with
abduction.

Patient position and procedure: With the patient side-
lying, lower extremities partially flexed at the hips and knees,
and the heel of the top leg resting on the heel of the bottom
leg, have the patient lift the knee of the top leg, keeping the
heels together. Add resistance by tying an elastic band around
the thighs or by placing a cuff weight around the distal thigh
of the top leg (Fig. 20.23).

■  Variations of the clam shell exercise include beginning
with the patient supine in the hook-lying position with 
an elastic band around the distal thigh for resistance and
progressing to a modified bridge position or side plank
position using the elastic band around the knee for resistance.
These last two positions require good trunk stabilization
while moving the hips through the abduction/external
rotation motion. 
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FIGURE 20.22 Isolated training and strengthening of the gluteus
maximus. Starting in the quadruped position, extend the hip while
keeping the knee flexed to rule out use of the hamstring muscles. Do
not to extend the hip beyond the available ROM to avoid causing
stress to the sacroiliac or lumbar spinal joints.
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Side-Lying External Rotation: Progression
Patient position and procedure: Hip and knee of top leg 
extended and aligned with the trunk. First, have the patient
roll the leg outward. Then progress to lifting the lower extrem-
ity into abduction with the hip externally rotated. Apply elastic
resistance or a cuff weight around the thigh when resistance
is tolerated.

NOTE: Do not allow the patient to roll the trunk backward or
flex the hip, as this exercise is done to minimize substitution
with the tensor fasciae latae.

Sitting: External Rotation
Patient position and procedure: Sitting with knees flexed
over the edge of a treatment table. Secure an elastic band or
tubing around the patient’s ankle and the table leg on the
same side. For resisted external rotation have the patient move
the foot toward the opposite leg, pulling against the resistance
(Fig. 20.24).

NOTE: Do not allow substitution with knee flexion or extension
or hip abduction.

To Develop Control and Strength of Hip
Flexion (Iliopsoas and Rectus Femoris)

Supine Heel Slides
Patient position and procedure: Begin in hip and knee 
extension and have the patient flex the hip and knee by sliding
the heel toward the buttock.

Hip and Knee Flexion
Patient position and procedure: Standing in front of a step
or stool and holding onto a stable object for balance if neces-
sary. Have the patient lift the leg (flex the hip and knee) and
place the foot on the step and then return the foot to the floor.
Alternate with the other leg for bilateral strengthening.

■  To progress resistance add an ankle weight and/or the
height of the step.

■  Variations include having the patient perform alternating
hip/knee flexion (high-step marching) or climbing a flight
of stairs.

Straight-Leg Hip Flexion
Patient position and procedure: Supine, or standing and
holding on to a stable structure for balance if necessary. Have
the patient flex the hip while maintaining the knee in exten-
sion. For resistance when supine, add cuff weights; when
standing, secure elastic resistance around the patient’s distal
thigh or leg. 

To Develop Control and Strength of Hip
Adduction

Side-Lying Adduction
Patient position and procedure: With the bottom leg
aligned in the plane of the trunk (hip extension) and the top
leg flexed forward with the foot on the floor or with the thigh
resting on a pillow, have the patient lift the bottom leg upward
into adduction. Weights can be added to the ankle to progress
strengthening (Fig. 20.25 A). A more difficult position is to
have the patient hold the top leg in abduction and adduct the
bottom leg upward to meet it (Fig. 20.25 B).

Standing Adduction
Patient position and procedure: Have the patient adduct
the leg across the front of the weight-bearing leg. Add ankle
weights to provide resistance, or fasten elastic resistance or a
pulley at right angles to the moving leg.

Closed-Chain (Weight-Bearing)
Exercises
Weight-bearing exercises in the lower extremity involve all of
the joints in the chain and are therefore not limited to hip
muscles. Most activities bring into play antagonistic, two-joint
muscles in which each muscle is being lengthened across one
joint while it is shortening across another, thus maintaining
an optimal length-tension relationship. In addition to causing
motion, a prime function of the muscles in weight bearing is
to control the forces of gravity and momentum for balance
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FIGURE 20.23 Clam exercises to develop control and initiate 
antigravity strengthening of the external rotators. Wrap an exercise
band around the thighs or add a weight to top leg to increase 
resistance.

R

FIGURE 20.24 Strengthening the external rotators in a sitting posi-
tion with elastic resistance.
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and stability. Therefore, the exercises for the hip described in
this section include balance and stabilization training as well
as strengthening and functional exercises. More advanced bal-
ance and functional exercises are described in Chapter 23.

A number of EMG studies have analyzed lower extremity
exercises used to strengthen hip musculature in both non-
weight-bearing and weight-bearing positions. Two such stud-
ies, primarily of weight-bearing exercises, are summarized in
Box 20.10.7,41

Exercises performed in weight-bearing postures described
in the following section are closely related and are progressed
concurrently as the patient is able. If the patient does not tol-
erate or is not permitted to be full weight bearing, begin ex-
ercises with upper extremity assistance, such as parallel bars,

or utilize a therapeutic pool if one is available and the patient
has no open wounds (see Chapter 9).

Closed-Chain Isometric Exercises

Alternating Isometrics and Rhythmic Stabilization
Patient position and procedure: Standing; begin with bi-
lateral standing and progress the patient to unilateral stand-
ing. Alternating isometrics and rhythmic stabilization develop
postural adjustments to applied forces.

■  Apply manual resistance against the pelvis in alternating
directions and ask the patient to hold (with isometric con-
tractions). There should be little or no movement.

■  Vary the force and direction of resistance; also vary where
the force is applied by shifting the resistance from the pelvis
to the shoulders and eventually against outstretched arms
(see Fig. 22.15).

■  At first, use verbal cueing. Then, as the patient learns con-
trol, apply the varying forces without warning.

Stabilization in Single-Leg Stance
Patient position and procedure: Standing on the involved
leg with elastic resistance placed around the thigh of the 
opposite extremity and secured to a stable upright structure.
If the uninvolved knee is stable, the resistance can be applied
around the ankle. Have the patient maintain alignment and
stability of the trunk and the weight-bearing extremity while
moving the opposite extremity forward, backward, and to
the side.

■  To resist hip flexion of the moving thigh, have the patient face
away from where the resistance is secured. This requires 
stabilization by the posterior muscles on the stance side.

■  To resist extension of the moving thigh, have the patient
face toward where the resistance is secured (Fig. 20.26 A).
This requires stabilization by the anterior muscles on the
stance side.
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A

B

FIGURE 20.25 Training and strengthening the hip adductors. 
(A) The top leg is stabilized by flexing the hip and resting the foot 
on the mat while the bottom leg is adducted against gravity. (B) The
top leg is isometrically held in abduction while the bottom leg is 
adducted against gravity.

BOX 20.10 EMG Analysis of Selected Weight-Bearing Exercises Used to Strengthen Lower
Extremity Musculature*

Gluteus maximus: > 40% MVC (strong contraction)

■ Single-limb wall slide,7 single-limb squat, and single-limb
deadlift41

■ Single-limb mini-squat 7

■ Step-ups (forward, lateral, retro) 7

■ Lunges (transverse, forward, sideways)41

Gluteus maximus: < 40% MVC

■ Side-lying hip abduction, clam with 60° hip flexion41

■ Transverse hop, forward hop, and clam with 30° hip flexion41

Gluteus medius: > 40% MVC (strong contraction)

■ Side-lying hip abduction41

■ Single-limb wall slide 7

■ Lateral band walk, single-limb deadlift, sideways hop41

■ Forward step up7

■ Sideways hop, transverse hop, transverse lunge, forward hop,
forward lunge, clam with 30° hip flexion41

Gluteus medius: < 40% MVC

■ Sideways lunges and clam exercise (in the side-lying position)
with 60° hip flexion41

Biceps femoris: < 40% MVC

■ Single-leg wall squat, mini-squat, and forward step-up7

■ Retro step-up and lateral step-up are 10% and 9% MVC,
respectively7

*The clam exercise was performed in a nonweight-bearing position.
The exercises are listed from most effective to least effective for
activating each muscle as normalized to its own maximum
voluntary contractions (MVC). 
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■  To resist abduction and adduction, have the patient face so
the band is directed toward one side and then the other
(Fig. 20.26 B). 

NOTE: Although the nonweight-bearing extremity is moving
against resistance, the emphasis of the exercise is to develop
stability and strengthen the weight-bearing side. Therefore, 
fatigue is determined when the patient can no longer hold the
weight-bearing extremity or pelvis stable.

These stabilization exercises can be used for balance train-
ing by having the patient vary the speed of the moving leg.

Closed-Chain Dynamic Exercises

Hip Hiking/Pelvic Drop
Patient position and procedure: Standing with one leg on
a 2- to 4-inch block and using a wall or stable surface for bal-
ance if necessary. Alternately lower and elevate the pelvis on
the side of the unsupported leg (Fig. 20.27). This develops
control of the abductors of the stance leg and hip hikers on
the unsupported side.

 FOCUS ON EVIDENCE
In an EMG study by Bolgla and Uhl,21 a series of 16 healthy sub-
jects performed 6 different abductor exercises using a constant
weight. The authors documented significantly greater maxi-
mum voluntary contraction of the gluteus medius in the stance
leg (weight-bearing leg) during the pelvic drop exercise than
during other hip abduction exercises. In addition, standing hip
abduction showed significantly greater hip abductor activity on
the weight-bearing side than on the moving (open-chain) side;

the activity on the weight-bearing side had a comparable max-
imum voluntary contraction as side-lying hip abduction.

Bridging
Patient position and procedure: Begin in the hook-lying
position. Have the patient press the upper back and feet into
the mat, elevate the pelvis, and extend the hips. This strength-
ens the hip extensors in coordination with the trunk stabiliz-
ers (Fig. 20.28).
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A B

FIGURE 20.26 Closed-chain stabilization and strengthening exer-
cises with elastic resistance around the opposite leg. (A) Resisting
extension on the right requires stabilization of the anterior muscles
of the left side. (B) Resisting abduction on the right requires stabiliza-
tion by the left frontal plane muscles. To increase difficulty, the resist-
ance is moved distally onto the leg.

FIGURE 20.27 Training the hip abductor and hiker muscles for
frontal plane strengthening and stability.

FIGURE 20.28 Training and strengthening the hip extensor muscles
using bridging exercises. Resistance can be added against the pelvis.

■  Progressions: Apply resistance against the anterior pelvis
manually or by strapping a weighted belt around the pelvis.
Have the patient hold the bridge position and alternately
extend the knees. To challenge proprioception and balance,
perform bridging exercises using a large gym ball posi-
tioned either under the back with feet on the floor or under
the feet while lying on the floor.

■  Variation: Apply elastic resistance around the thighs. While
maintaining the bridge position, have the patient abduct
and externally rotate the thighs to coordinate strengthening
of the gluteus maximus, medius, and external rotators.
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Wall Slides
Patient position and procedure: Standing and resting the
back against a wall with feet forward and a shoulder-width
apart. Have the patient slide the back down the wall by flexing
the hips and knees, then slide up the wall by extending the
hips and knees (Fig. 20.29 A). This strengthens the hip and
knee extensors eccentrically and concentrically. If sliding the
back directly against the wall causes excessive friction, place a
towel behind the patient’s back.

■  Progressions: Place a large exercise ball behind the back. This
requires additional control because the surface is less stable
(Fig. 20.29 B). Add arm motions and weights to develop 
coordination and increase strength. To develop isometric
strength, have the patient hold the flexed position and 
superimpose arm motions with weights. Tie these exercises
in with the functional activity of sit-to-stand (with arm 
assistance if necessary) to and from various chair heights.

resistance, have the patient perform partial squats (Fig. 20.30)
or side-step in one direction and then the other (hips
slightly flexed) to coordinate strengthening of the gluteus
maximus, medius, and external rotators.

Single-Limb Deadlift  VIDEO 20.1
Patient position and procedure: In unilateral stance with
the weight-bearing hip and knee in 30° flexion. Have the pa-
tient bend forward at the hips and reach for the toes of the
stance leg with the contralateral hand while extending the hip
and knee of the nonweight-bearing leg behind (Fig. 20.31).
Then return to the upright starting position. This strengthens
the hip extensors of the weight-bearing extremity eccentri-
cally and concentrically.
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FIGURE 20.29 Wall slides/partial squats to develop eccentric con-
trol of body weight. (A) The back sliding down a wall, superimposing
bilateral arm motion for added resistance. (B) The back rolling a gym
ball down the wall, superimposing antagonistic arm motion to 
develop coordination.

Partial Squats/Mini-Squats  VIDEO 20.1
Patient position and procedure: In bilateral stance, have
the patient lower the body by flexing the hips and knees as if
sitting on a chair. Add resistance by having the patient hold
weights in the hands, or use elastic resistance secured under
the feet (see Fig. 21.27). Progress to safe lifting techniques that
involve squatting.

NOTE: If there is need to protect the ACL following ACL recon-
struction, limit knee flexion range from 0° to 60° (see Box 21.10
in Chapter 21). Have the patient lower the hips as if preparing
to sit on a chair so the knees do not move anterior to the toes.
To reduce patellofemoral compression, instruct the patient to
squat only through pain-free ranges and avoid deep knee bends.

■  Variations: Apply elastic resistance around the thighs. While
abducting and externally rotating the thighs against the 

R

FIGURE 20.30 Elastic resistance around thighs is used to activate
the hip external rotators and abductors while performing partial
squats to develop strength of the hip and knee extensors.

FIGURE 20.31 Single-limb deadlift to strengthen the hip extensors
and develop control in the knee.

Step-Ups and Step-Downs
Patient position and procedure:  Begin with a low step, 
2 to 3 inches in height; increase the height as the patient is
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able. Have the patient step up and down, forward, laterally, or
backward.

■  Be sure the patient places the entire foot on the step and
lifts and lowers the body with smooth motion. When step-
ping up, be certain the patient avoids a lurching motion of
the trunk or pushing off with the trailing extremity.

■  Make sure the patient keeps the trunk upright and the knee
aligned vertically over the foot to prevent hip adduction
and internal rotation and subsequent valgus collapse. If 
valgus positioning occurs, reinforce activation of the glu-
teus medius with manual resistance applied to the lateral
thigh of the stepping leg (see Fig. 21.28 A).

■  Progression: In addition to increasing the step height, add
resistance with a weight belt, elastic resistance around the
waist (see Fig. 21.28 B), weights in the hands, or a weight
around the ankle of the nonweight-bearing leg.

Partial and Full Lunges
Patient position and procedure: After assuming a forward
stride position, have the patient flex the hip and knee of the
forward extremity and then return upright. Repeat with the
same leg or alternate legs. Begin by flexing the knee within 
a small range, progressing to 90° knee flexion. Instruct the 
patient to keep the knee in alignment with the forward foot
and not bend the knee forward of the foot.

■  Use a cane or rod for balance, or hold on to a stable surface
for support (parallel bars, treatment table, countertop) if the
patient has difficulty controlling the movement (Fig. 20.32). 

■  It is important to keep the toes pointing forward, bend 
the knee in the same plane as the feet, and keep the back
upright.

■  Progressions: Hold weights in the hands for additional 
resistance, take a longer stride, or lunge forward onto a small
step. Integrate a function into this exercise by lunging and
picking up objects from the floor.

NOTE: A patient with an ACL-deficient knee or a surgically 
repaired ACL should not flex the knee forward beyond the toes
when performing lunges, because this increases the shear
force and stress to the ACL. An individual with patellofemoral
pain typically experiences increased pain under these circum-
stances because the external torque generated by the force of
gravity acting on the body is greater when the mass is posterior
to the knee flexion/extension axis. Adapt the position of the
knee or body based on the patient’s symptoms and presenting
pathology. 

Resisted Side Stepping
Patient position and procedure: Patient standing upright
or in a partial squat position with an elastic band secured
around the knees or distal legs (or the two ends of the band
can be held in each hand with the band under both feet). Have
the patient step sideways and return, or walk sideways with
additional side steps 8 to 10 times then return by leading with
the other leg.

 FOCUS ON EVIDENCE
In an EMG study by Berry et al,16 24 healthy adults performed
resisted side stepping with an elastic band around the ankles
in both the upright and partial squat positions. The authors
consistently recorded significantly greater muscle activation
levels in the gluteus maximus, gluteus medius, and tensor 
fascia latae of the stationary limb compared to the moving
limb in both positions. The gluteus medius and maximus had
greater activation in the squat position, whereas the tensor
had higher values in the upright position.

Resisted Side Sliding
Patient position and procedure: Standing upright or in a
partial squat position with an elastic band secured around the
ankles. Place a towel under the moving foot and have the 
patient slide that foot along the floor into hip abduction and
return with hip adduction while maintaining stability in the
stationary leg (Fig. 20.33). 

Functional Progression for the Hip
For a patient to return to full function, the level of challenge
from the exercise program must meet the demands that will
be imposed during ADL, IADL, work, or sports-related
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FIGURE 20.32 Partial lunge with cane assistance to develop 
balance and control for lowering body weight.
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tasks. An outcome may be simply learning how to ambulate
forward, backward, and around obstacles safely, or it may
involve developing a high level of strength, endurance, 
coordination, balance, and skill.

The progression of exercises typically begins with isolated
activation, control, endurance, and strengthening of the im-
paired muscles and advances to a variety of open- and closed-
chain exercises in combined movement patterns that simulate
functional activities to further improve strength, power, and
muscular endurance. Balance, coordination, skill, and aerobic
conditioning are also integrated into the exercise program as
weight-bearing tolerance improves.

Key components of functional exercise progressions for
the hip incorporate the entire lower extremity as well as the
trunk and upper extremities. Suggestions are summarized in
Box 20.11. Details of progressions of exercises for advanced
training are described in Chapter 23. Also, refer to Chapter
16 for progressions of spinal exercises and safe body mechan-
ics, Chapter 7 for principles of aerobic exercise, and Chapter
8 for principles of balance training.
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FIGURE 20.33 Standing side slides with elastic resistance; the 
stationary leg provides stability and control of the body weight while
the moving leg slides along the floor into abduction and adduction.

BOX 20.11 Summary of Functional Progressions for the Hip

For each activity, adapt the exercise to challenge the patient,
but avoid unsafe stresses to the tissues.

■ Balance activities. Initiate balance activities at the level 
of weight bearing allowed and progress from bilateral to
unilateral activities. Add sagittal and frontal plane arm
movements; progress to transverse and diagonal planes.
Advance balance/perturbation training activities from stable 
to unstable surfaces.

■ Ambulation activities. Increase challenges for ambulation,
such as having the patient walk on uneven surfaces, turn,
maneuver backward, and walk up and down ramps first under
supervision and then unassisted. As soon as the patient is
able, have him or her practice rising up and sitting down from
chairs of various heights and climbing and descending flights
of stairs. Add resistance and speed as tolerated.

■ Safe body mechanics. Incorporate exercises that prepare the
patient for use of safe body mechanics, such as repetitive
squats and lunges. Progress the exercises by having the
patient lift and carry or push and pull various loads as part 
of the exercise routine. Utilize safe patterns of motion that
replicate functional requirements.

■ Aerobic training. Cardiopulmonary endurance exercises that
replicate functional demands are introduced early in the
rehabilitation program and progressed as the patient
tolerates.

■ Agility drills. Use agility drills such as maneuvering around 
and stepping over obstacles. Incorporate running, jumping,
hopping, skipping, and side-shuffle drills.

■ Advanced strength training. Incorporate maximum eccentric
loading into a weight training progression. Any of the
previously described exercises can be adapted, but it is critical
to assist the patient through the concentric phase of the
exercise and guard him or her through the eccentric phase 
as the resistance is greater than what the muscle can control
concentrically. Also include isokinetic training, particularly at
medium and fast speeds (velocity spectrum training), if
equipment is available.

■ Plyometric training. If the patient is returning to activities that
require strength and power, incorporate plyometric drills. For
example, have the patient jump from a box or step; flex the
hips, knees, and ankles to absorb the impact of landing; and
immediately jump back up to the box or step.
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Independent Learning Activities

Critical Thinking and Discussion
1. Describe the function of the primary muscle groups of the

hip joint in open- and closed-chain situations. Include
their role in stabilizing the pelvis during single-leg stance
and the effects on the spine when the pelvis is moved by
the hip musculature.

2. Describe the role of the hip during the gait cycle. Include
hip muscle activity, hip and pelvic motions needed, and
pathological gait patterns that may be related to muscle
weakness or restricted motion.

3. Analyze the type of gait deviations a patient might exhibit
after internal fixation of a fracture of the proximal femur,
THA, or hip hemiarthroplasty.

4. After THA or internal fixation of a hip fracture, what are
the signs that dislocation of the hip or loss of fracture sta-
bilization has occurred?

Laboratory Practice
1. Identify and practice the techniques you would use to treat

a mobility impairment if the results of your examination
included decreased joint play versus restricted flexibility
in the hip musculature. Include exercises that could be
used in a home exercise program.

2. Demonstrate a progression of exercises to develop control
and strength in the gluteus medius muscle after total hip
replacement.

3. Develop an exercise routine and progression for an indi-
vidual with hip muscle weakness who wants to return to
work that requires walking, lifting objects that weigh up
to 45 lb, and climbing ladders with 45-lb weights.

Case Studies
1. Mr. C, 57 years of age, is a mail carrier; he has walked his

mail route for 32 years. Over the past year, he has noticed
that his hip hurts after sitting for more than 1 hour and
that there is a marked increase in pain when first getting
up out of a chair and walking. He also has noticed that
there is increased discomfort in his hip and knees near the
end of each workday. The medical diagnosis is OA.
Strength testing reveals generally 4/5 on manual muscle
tests except the gluteus medius, which is 3+/5. There is
mild tightness in the hip flexors, including the rectus
femoris and tensor fasciae latae. Mr C wants to avoid being
a “candidate for total hip replacement surgery.”
■ Explain why the patient’s job would perpetuate these

symptoms.
■ Outline a plan to manage the symptoms; identify meas-

urable goals and interventions you would use to reach
the goals.

■ What can the patient do to protect his hip joints?

2. Ms. J, a 31-year-old mother, recreational tennis player, and
bowler, is recovering from multiple femoral fractures she
sustained in an automobile accident 3 months ago. There
is radiological healing of all the fracture sites, and she is
now allowed full weight bearing and no restrictions in 
activities. She has significant hip mobility impairments
from joint restrictions and muscle weakness.
■ What joint ranges and muscle strength levels are needed

for her to return to her functional and recreational 
activities?

■ Outline a plan to manage the symptoms; identify meas-
urable goals and interventions you would use to reach
the goals. Using the taxonomy or motor skills described
in Chapter 1, develop a series of progressively more
challenging motor tasks under varying environmental
conditions.

3. Mr. P is a 32-year-old firefighter who strained his right
hamstring muscles near the ischial tuberosity while pulling
a heavy individual out of a burning building 4 days ago.
Currently, he is experiencing considerable pain, especially
when rising from or lowering himself into a chair and
climbing or descending stairs, and is unable to sit on hard
surfaces (because of pressure as well as flexing the hip).
Hip flexion is limited to 90˚ and SLR to 45˚. He tolerates
minimal resistance to hip extension or knee flexion. This
individual must be able to climb a ladder while wearing
his gear (40 lb) and air pack (40 lb) and carrying a 20-lb
hand tool; in addition, he must be able to carry a 175-lb
individual across his shoulder, drag a heavy body across
the floor, climb five flights of stairs while wearing full
gear, and run a half mile in 5 minutes to be able to return
to work.
■ Explain why this patient has impaired function in bio-

mechanical terms.
■ Establish goals that reflect treatment of the impairments

and desired functional outcomes.
■ Design a program of intervention at each stage of tissue

healing.
■ Design a series of exercises that can be used to prepare

Mr. P for return to function once the muscle has healed.
4. A 78-year-old woman who lives at home with her hus-

band has been referred to you for home-based physical
therapy. Ten days ago she underwent cemented THA with
a posterolateral approach for late-stage posttraumatic
arthritis associated with injuries sustained in a horseback
riding accident 30 years ago. She has been home from 
the hospital for 5 days. She is ambulating with a walker
on level surfaces, and weight bearing is tolerated. The 
patient’s long-term goals are to be able to participate in a
community-based fitness program for older adults and
resume travel with her husband.
■ Continue progressing her exercise program that was 

initiated in the hospital.
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■ Review the precautions she must take for the next 6 to
12 weeks during ADLs.

■ Make suggestions on how she or her husband might
adapt the home environment to help her adhere to the
precautions.

■ To help her meet her long-term goals, design a sequence
of progressively more demanding functional activities,
integrating the taxonomy of motor tasks (addressed in
Chapter 1) and the principles of aerobic conditioning
(discussed in Chapter 5).
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The knee joint is designed for mobility and stability; it func-
tionally lengthens and shortens the lower extremity to raise
and lower the body or to move the foot in space. Along with
the hip and ankle, it supports the body when standing, and it
is a primary functional unit in walking, climbing, running,
and sitting activities.

As in the other regional chapters of the text, this chapter is
divided into three primary sections. Highlights of the anatomy
and function of the knee complex are reviewed in the first sec-
tion of the chapter, followed by material on the management
of knee disorders and surgeries. The third section includes ex-
ercise interventions for the knee region. Chapters 10 through 13
present general information on principles of management. The
reader should be familiar with the material in these chapters as
well as have a background in examination and evaluation in
order to effectively design a therapeutic exercise program to im-
prove knee function in patients with impairments due to injury
or pathology or following surgery.

Structure and Function 
of the Knee

The bones of the knee joint consist of the distal femur with
its two condyles, the proximal tibia with its two tibial plateaus,
and the large sesamoid bone in the quadriceps tendon, the
patella. It is a complex joint both anatomically and biome-
chanically (Fig. 21.1).108 The proximal tibiofibular joint is
anatomically close to the knee but is enclosed in a separate
joint capsule and functions with the ankle. Therefore, the
proximal tibiofibular joint is discussed in Chapter 22.

Folds or thickenings in the synovium persist from embry-
ologic tissue in as many as 60% of individuals and may be-
come symptomatic with microtrauma or macrotrauma.24,136

Tibiofemoral Joint
Characteristics. The knee joint is a biaxial, modified hinge
joint with two interposed menisci supported by ligaments and
muscles. Anteroposterior stability is provided by the cruciate
ligaments; mediolateral stability is provided by the medial
(tibial) and lateral (fibular) collateral ligaments (MCL and
LCL), respectively (Fig. 21.2).37,108

770 Joints of the Knee Complex
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FIGURE 21.1 Bones and joints of the knee and leg.

Joints of the Knee Complex

A lax joint capsule encloses two articulations: the tibiofemoral
and the patellofemoral joints. Recesses from the capsule form
the suprapatellar, subpopliteal, and gastrocnemius bursae.

Lateral 
collateral 
ligament

FIGURE 21.2 The medial meniscus is attached to the medial collat-
eral, anterior cruciate, and posterior cruciate ligaments. The lateral
meniscus is also attached to the posterior cruciate ligament. (Joint
capsule removed for visualization). (From Hartigan, E, Lewek, M, and
Snyder-Mackler, L: The knee. In Levangie, PK, and Norkin, CC (eds):
Joint Structure and Function: A Comprehensive Analysis, ed. 5.
Philadelphia: F.A. Davis, 2011, with permission.)

■  The convex bony partner is composed of two asymmetrical
condyles on the distal end of the femur. The medial condyle
has a longer surface than the lateral condyle, which con-
tributes to the locking mechanism at the knee.

■  The concave bony partner is composed of two tibial
plateaus on the proximal tibia with their respective fibro-
cartilaginous menisci. The medial plateau is larger than the
lateral plateau.

■   The menisci improve the congruency of the articulating sur-
faces. They are connected to the tibial condyles and capsule
by the coronary ligaments, to each other by the transverse lig-
ament, and to the patella via the patellomeniscal ligaments.108

Anterior and posterior meniscofemoral ligaments connecting
the lateral meniscus to the femur may also be present.104 The
medial meniscus is firmly attached to the joint capsule as well
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as to the MCL, anterior and posterior cruciate ligaments
(ACL and PCL), and semimembranosus muscle. The lateral
meniscus attaches to the PCL and the tendon of the popliteus
muscle through capsular connections.108 Because the medial
meniscus has more extensive attachments than the lateral
meniscus (see Fig. 21.2), it has a greater chance of sustaining
a tear when there is trauma to the knee.

Arthrokinematics. Joint mechanics are affected by open-
and closed-chain positions of the extremity. and are summa-
rized in ONLINE Box 21.1 available on the FA Davis web site.

■  With motions of the tibia while in a nonweight-bearing,
open kinematic chain, the concave plateaus slide in the
same direction as the bone motion. 

■  With motions of the femur on a fixed tibia while in a
weight-bearing, closed kinematic chain, the convex condyles
slide in the direction opposite to the bone motion.

■  Axial rotation occurs between the tibia and femur as the
knee flexes and extends due to the asymmetrical condyles.
In nonweight bearing extension the tibia rotates laterally
on the femur, and with flexion it rotates medially. 

Screw-home mechanism. The axial rotation that occurs 
between the femoral condyles and the tibia during the final de-
grees of extension is called the locking, or screw-home, mecha-
nism. When the tibia is fixed with the foot weight bearing on
the ground, terminal extension results in the femur rotating in-
ternally (the medial condyle slides farther posteriorly than the
lateral condyle). Concurrently, the hip moves into extension.
Tension in the iliofemoral ligament, which occurs with hip ex-
tension, reinforces the medial rotation of the femur to lock 
the knee. As the knee is unlocked, the femur rotates laterally.
Unlocking of the knee occurs indirectly with hip flexion and 
directly from action of the popliteus muscle. Individuals who
cannot lock their knee into extension because they lack full hip
extension (hip flexion contracture) are unable to benefit from
this passive stabilizing function during standing.

Patellofemoral Joint
Characteristics. The patella is a sesamoid bone in the quadri-
ceps tendon. It articulates with the intercondylar (trochlear)
groove on the anterior aspect of the distal femur. Its articulating
surface is covered with smooth hyaline cartilage. The patella is
embedded in the anterior portion of the joint capsule and is
connected to the tibia by the ligamentum patellae. Many bursae
surround the patella.108

Mechanics. As the knee flexes, the patella first contacts the
intercondylar groove with its inferior margin and maintains
contact with the groove as flexion increases. With extension,
the patella remains seated in the groove until near full knee
extension, when there is a small amount of superior patellar
translation in the proximal intercondylar groove.154 If patellar
movement is restricted, it interferes with the range of knee
flexion and may contribute to an extensor lag with active knee
extension.289

Patellar Function

The primary function of the patella is to increase the moment
arm of the quadriceps muscle in its function to extend the
knee. The cartilaginous surface of the patella also reduces fric-
tion and dissipates forces between the patella and the femoral
condyles.108

Patellar Alignment
The alignment of the patella in the frontal plane is influenced
by the direction of the quadriceps muscle group composite force
vector and by its attachment to the tibial tubercle via the patellar
tendon. The result of these opposing forces is a bowstring effect
on the patella that produces a lateral pull. The bowstring effect
can be estimated by measuring the Q-angle. The Q-angle is the
angle formed by two intersecting lines: one from the anterior
superior iliac spine to the midpatella and the other from the 
tibial tubercle through the midpatella (Fig. 21.3).108,178 A nor-
mal Q-angle, which tends to be greater in women than men, 
is 10° to 15°. A higher Q-angle suggests greater lateral bowstring
forces on the patella.

CHAPTER 21 The Knee 771

FIGURE 21.3 The Q-angle is the angle formed by the intersection of
a line drawn from the center of the patella to the anterosuperior iliac
spine and a line drawn from the center of the patella to the tibial
tuberosity. These two lines represent forces that create a bowstring
effect on the patella. An increased Q-angle is a factor contributing 
to excessive lateral tracking of the patella. (From McKinnis, LN: 
Fundamentals of Musculoskeletal Imaging, ed. 4. Philadelphia: 
F.A. Davis, 2014, p 375, with permission.)
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Forces Maintaining Alignment
In addition to the bony restraints of the trochlear groove
(femoral sulcus), the patella is stabilized by passive and dy-
namic restraints. The superficial portion of the extensor reti-
naculum, to which the vastus medialis (VM) and vastus
lateralis (VL) muscles attach, provides dynamic stability to
the patella in the transverse plane. The medial and lateral
patellofemoral ligaments, which attach to the adductor tuber-
cle medially and iliotibial (IT) band laterally, provide passive
restraints to the patella in the transverse plane.108 The medial
and lateral patellotibial ligaments and patellar tendon com-
bine to stabilize the patella against the superiorly directed pull
of the quadriceps muscle group (Fig. 21.4).

Patellar Malalignment and Tracking Problems
Malalignment and tracking problems of the patella may be
caused by several factors that may or may not be interrelated.99

Increased Q-angle. With an increased Q-angle, there may
be increased force between the lateral patellar facet and lateral
femoral condyle when the knee flexes during weight bearing.
Structurally, an increased Q-angle may occur with a wide
pelvis, femoral anteversion, coxa vara, genu valgum, and/or
laterally displaced tibial tuberosity. Lower extremity motions
in the transverse plane that may increase the Q-angle are 
external tibial rotation, internal femoral rotation, and a pronated

subtalar joint. Dynamic knee valgus (see Fig. 21.9), where the
knee joint center moves medially relative to the foot during
weight-bearing activities, also increases the Q-angle.233,234

 FOCUS ON EVIDENCE
A recent MRI study277 comparing femoral and patellar orien-
tation at multiple knee angles during weight bearing in females
with (n = 15) and without (n = 15) patellofemoral pain showed
significant group-by-angle interactions for three of four out-
come variables (femoral medial rotation, lateral patellar dis-
placement, and patellar tilt, but not patellar rotation). Subjects
in the patellofemoral pain group demonstrated significantly 
altered joint kinematics compared to the control group, with
the greatest differences between groups at 0° knee flexion. The
authors propose that increased femoral medial rotation is the
main mechanism responsible for these kinematic differences. 

Muscle and fascial tightness. A tight IT band and lateral
retinaculum prevent medial translation of the patella. Tight
ankle plantarflexors result in pronation of the foot when the
ankle dorsiflexes, causing lateral torsion of the tibia and func-
tional lateral displacement of the tibial tuberosity promoting
an increased lateral force on the patella.166 Tight rectus

772 Patellar Function
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FIGURE 21.4 The extensor retinaculum is reinforced medially by the transversely oriented medial patellofemoral ligament and the longitudi-
nally oriented medial patellotibial ligament. The lateral patellofemoral ligament and lateral patellotibial ligament help resist an excessive medial
glide of the patella. (From Hartigan, E, Lewek, M, and Snyder-Mackler, L: The knee. In Levangie, PK, and Norkin, CC (eds): Joint Structure and
Function: A Comprehensive Analysis, ed. 5. Philadelphia: F.A. Davis, 2011, p 403, with permission.)
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femoris and hamstring muscles may affect knee mechanics
and lead to compensations.172

Hip muscle weakness. Hip abductor and external rotator
weakness may result in femur adduction and knee valgus and
contribute to increased medial rotation of the femur observed
under weight bearing in subjects with patellofemoral pain
syndrome.125,194

Patellar Compression
Patellar contact. The posterior surface of the patella has sev-
eral facets and is not completely congruent with the trochlear
groove on the femur. When the knee is in complete extension
(0°), the patella is superior to the trochlear groove. By 15° of
flexion, the inferior border of the patella begins to articulate with
the superior aspect of the groove. As knee flexion increases, the
patella slides distally in the groove, and surface contact area in-
creases. Beyond 60° of flexion the contact area either continues
to increase, levels off, or decreases, depending on the source.98,99

As the knee flexes past 90°, the quadriceps tendon comes in con-
tact with the trochlear groove as the patella slides inferiorly.

Compression forces. In full extension, because there is min-
imal to no contact of the patella with the trochlear groove,
there is no compression of the articular surfaces. Furthermore,
the nearly parallel alignment of the femur and tibia creates
minimal compressive loading through a small sagittal plane
bowstring effect. The resultant force from this quadriceps and
patellar tendon bowstring effect causes increased compressive
forces as the knee flexes, but there is also greater joint surface
contact area to dissipate these higher forces. Patellofemoral
joint reaction forces rise rapidly between 30° and 60°, but there
is controversy regarding the extent of joint reaction forces at
higher flexion angles.

■  During squatting, the joint reaction force continues to rise
until 90° and then levels off or decreases because the quadri-
ceps tendon begins making contact with the trochlear
groove and dissipates some of the force.98

■  In an open-chain, nonweight-bearing exercise with a free
weight on the distal leg, the greatest joint reaction force in
the patellofemoral articulation occurs at around 30° of flex-
ion.98 This is more likely due to the changing moment arm
of the weight rather than the resultant force of the quadri-
ceps and patellar tendons. 

■  An increased Q-angle causes increased lateral facet com-
pression as the knee flexes.234

Muscle Function

Knee Extensor Muscle Function
The quadriceps femoris muscle group is the only muscle
crossing anterior to the flexion/extension axis of the knee and
is the prime mover (agonist) for knee extension. Other mus-
cles that can act to extend the knee require the foot to be fixed,
creating a closed chain. In this situation, the hamstrings and

the soleus muscles can cause or control knee extension by
pulling the proximal tibia posteriorly.

Closed-chain function. During standing and the stance
phase of gait, the knee is an intermediate joint in a closed
chain. The quadriceps muscle controls the amount of knee
flexion and also extends the knee through reverse muscle pull
on the femur. In the erect standing posture when the knee is
locked in extension, the quadriceps need not function when
the gravity line falls anterior to the flexion/extension axis. In
this case, tension in the hamstring and gastrocnemius tendons
support the posterior capsule of the knee.

Patella. The patella improves the mechanical advantage of
the knee extensors by increasing the moment arm between
the extensor force vector and the knee joint flexion/extension
axis. Its greatest effect on the leverage of the quadriceps is dur-
ing knee extension from 60° to 30° and the effect rapidly 
diminishes from 15° to 0° of extension.101,108

Torque. The peak extension torque produced by the quadri-
ceps muscle occurs between 70° and 50°.34 The physiological
advantage of the quadriceps rapidly decreases during the 
last 15° of knee extension because of its shortened length.
This, combined with its decreased mechanical advantage in
the last 15°, requires the muscle to significantly increase 
its contractile force when large demands are placed on the
muscle during terminal extension.101

■  During standing closed-chain activities, assistance for knee
extension is provided by the hamstring and soleus muscles.
In addition, the ACL and the hamstring muscle group con-
tractile force counter the anterior translation force produced
by quadriceps muscle contractions.75,171

■  During open-chain knee extension exercises in the sitting
or supine position, when the resistive torque is maximum
in terminal extension because of the resistance moment
arm, a relatively strong contraction of the quadriceps mus-
cle is required to overcome the physiological and mechan-
ical disadvantages of the muscle to complete the final 15° of
motion.101 However, recall that the compressive loads on
the patella also decrease in terminal extension because of
its superior location with respect to the trochlear groove
and the relatively small sagittal plane bowstring effect of
the quadriceps and patellar tendon.

CLINICAL TIP
Be aware of the effect of the external resistance and how the
muscle is challenged differently through the range of motion.
During open-chain exercises with fixed resistance such as an
ankle weight, the resistance torque is most challenging for the
quadriceps in terminal extension, while there is minimal chal-
lenge midrange where the muscle is capable of generating
greater tension. This paradox will impact the effectiveness of
the exercises performed by the patient, their comfort during
the exercise, and the joint loading that occurs across the range
of motion.
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Knee Flexor Muscle Function
The hamstring muscles are the primary knee flexors and also
influence rotation of the tibia on the femur. Because the ham-
strings are two-joint muscles, they contract more efficiently
when the decrease in length during knee flexion is offset by
increased length through hip flexion. During closed-chain
weight-bearing activities, the hamstring muscles can assist
with knee extension by pulling the tibia posteriorly.

■  The gastrocnemius muscle also can function as a knee flexor,
but its prime function at the knee during weight bearing is
to support the posterior capsule against hyperextension
forces.

■  The popliteus muscle supports the posterior capsule and
acts to unlock the extended knee.

■  The pes anserinus muscle group (sartorius, gracilis, and
semitendinosus) provides medial stability to the knee and
affects rotation of the tibia in a closed chain.

Dynamic Stability of the Knee
Because of the incongruity between the rounded femoral
condyles and nearly flat tibial plateaus, there is minimal knee
stability provided by the bony architecture. The cruciate and
collateral ligaments provide significant passive stability to the
knee throughout joint motion. Dynamic stability is the ability
of a joint to remain stable in the presence of rapidly shifting
loads during motion.122 Dynamic stability requires motor con-
trol of the neuromuscular system to coordinate muscle activity
around the joint. The complex feedforward and feedback re-
sponses mediated by the central nervous system modulate
muscle stiffness and are important for providing dynamic knee
stability under varying loads and stresses imposed on the joint
structures.309 As summarized in a clinical commentary by
Williams,309 clinical and scientific evidence is accumulating to
substantiate exercise programs designed for the purpose of 
developing dynamic stability of the knee—that is, to improve
dynamic control of the knee via neuromuscular responses in
order to reduce knee ligament stress and minimize the risk of
injury during high-intensity activities.

The Knee and Gait

During the normal gait cycle, the knee goes through a range
of 60° (0° extension at initial contact or heel strike to 60° at
the end of initial swing). There is also some medial rotation
of the femur as the knee extends at initial contact and just
prior to heel-off.108,212,228

Muscle Control of the Knee During Gait
Stability during the gait cycle is efficiently controlled by the
normal function of the muscles that cross the knee joint.212,228

Quadriceps. The quadriceps muscle controls the amount of
knee flexion during initial contact and loading response and
then extends the knee toward midstance. It again controls the
amount of flexion during preswing (heel-off to toe-off) and
prevents excessive knee flexion (heel rise) during initial swing.
With loss of quadriceps function, the patient lurches the
trunk anteriorly during initial contact to stabilize the joint 
by moving the trunk center of gravity anterior to the knee
flexion/extension axis.283 

Hamstrings. The hamstring muscles primarily decelerate
and control knee extension during terminal swing. Loss of
function may result in the knee snapping into extension prior
to initial contact. The hamstrings also provide posterior sup-
port to the knee capsule when the knee is extended during
stance, and loss of this function results in progressive genu
recurvatum.283

Soleus. The single joint ankle plantarflexor muscles (pri-
marily the soleus) help limit the amount of knee flexion dur-
ing preswing by controlling the forward movement of the
tibia over the fixed foot. Loss of function results in compen-
satory hyperextension of the knee during preswing. Loss of
heel rise during the preswing phase resulting in a lag or slight
dropping of the pelvis on that side may also occur with soleus
dysfunction.

Gastrocnemius. The gastrocnemius muscle provides posterior
support to the extended knee at the end of loading response or
foot flat and just prior to preswing or heel-off. Loss of gastroc-
nemius function results in hyperextension of the knee during
these periods as well as loss of propulsion from plantarflexion
during preswing or push-off.

Hip and Ankle Impairments
Because the knee is the intermediate joint between the hip
and foot, problems in these two areas can interfere with
knee function during gait. Examples include the following.

Hip flexion contractures. Inability to extend the hip pre-
vents the knee from extending just before terminal stance
(heel-off).

Length/strength imbalances. With asymmetry of length,
strength, or neuromuscular control of hip and knee muscles,
unbalanced forces may stress structures of the knee, giving
rise to pain during walking or running. For example, a tight
tensor fasciae latae or gluteus maximus muscle may increase
stress on the IT band and lead to lateral knee pain, or it could
affect patellofemoral joint kinematics and lead to anterior
knee pain. Weak hip external rotators and abductors result in
femoral internal rotation, which can create a relative lateral
displacement of the patella and subsequent patellofemoral
pain.277 Overuse of the hamstring muscle group may result
in compensatory increases in quadriceps femoris muscle ac-
tivation and result in anterior knee pain (see Chapter 20 for
discussion of muscle imbalances in hip).

774 The Knee and Gait
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Foot impairments. The position and function of the foot and
ankle affect the stresses transmitted to the knee. For example,
with pes planus or pes valgus, there is an overall medial rotation
of the lower extremity, with increased Q-angle and an increased
bowstring effect on the patella.166

Referred Pain and Nerve
Injuries

For a detailed description of referred pain patterns and periph-
eral nerve injuries in the knee region, see Chapter 13.

Major Nerves Subject to Injury 
at the Knee
The sciatic nerve divides into the tibial and common peroneal
nerves just proximal to the popliteal fossa. These nerves are
relatively well protected deep in the fossa.

■  The common fibular (peroneal) nerve (L2–L4) becomes 
superficial where it winds around the fibula just below the
fibular head, a common site for injury. Symptoms of sensory
loss and muscle weakness are distal to that site.

■  The saphenous nerve (L2–L4) is a sensory nerve that inner-
vates the skin along the medial side of the knee and leg. It
may be injured with trauma or surgery in that region, 
resulting in chronic pain syndromes.

Common Sources of Referred Pain
Nerve roots and tissues derived from spinal segments L3 refer
to the anterior aspect, and those from S1 and S2 refer to the
posterior aspect of the knee.50 The hip joint, which is prima-
rily innervated by L3, may refer symptoms to the anterior
thigh and knee. In cases of referred pain, therapeutic exercise
for the knee is beneficial only for preventing disuse of the
knee musculature; primary treatment must be directed to the
source of the nerve irritation.

Management of Knee Disorders
and Surgeries

To make sound clinical decisions when treating patients with
knee disorders, it is necessary to understand the various
pathologies, surgical procedures, and associated precautions
and to identify the structural and functional impairments,
activity limitations, and participation restrictions. In this sec-
tion, common pathologies and surgical procedures are pre-
sented and conservative and postoperative management of
these conditions is described.

Joint Hypomobility:
Nonoperative Management

Common Joint Pathologies 
and Associated Impairments
Osteoarthritis (OA) and rheumatoid arthritis (RA), as well as
acute trauma, can all affect the knee joints. In addition, de-
creased flexibility and adhesions can develop in the joints and
surrounding tissues any time the knee joint is immobilized
following an injury, surgery, or fracture. The etiology of
arthritic and joint symptoms and general management guide-
lines are described in Chapter 11; this section applies that 
information to management of the knee joint.

Osteoarthritis (Degenerative Joint Disease)
OA, often referred to as degenerative joint disease, is the most
common disease affecting weight-bearing joints. In the knee,
articular cartilage destruction is more often apparent on the
medial joint compartment than the lateral compartment
(Fig. 21.5).
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FIGURE 21.5 Advanced bilateral, medial compartment degenera-
tive joint disease in the knees of a 52-year-old computer program-
mer/analyst who subsequently underwent right total knee
arthroplasty.

One-third of individuals older than age 65 have radi-
ographic evidence of knee OA.16 Pain, muscle weakness, medial
compartment laxity, and motion limitations affect function and
lead to disability. Deformity such as genu varum commonly
develops in the knees in the presence of OA, although genu val-
gum may occur in some individuals. Knee instability (the sen-
sation of knee buckling or shifting) is frequently reported by
individuals with knee OA and significantly contributes to im-
paired physical function.77 Factors such as excess weight, joint
trauma, developmental deformities, quadriceps weakness, and
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abnormal tibial rotation are risk factors for developing OA of
the knee.6,16

 FOCUS ON EVIDENCE
An investigation of 52 patients with medial compartment
knee OA by Schmitt and associates255 found that self-reported
knee instability contributed to limited function during daily
living. However, the study showed no direct relationship be-
tween the severity of reported knee instability and the amount
of medial joint laxity, varus alignment of the knee, or quadri-
ceps muscle strength.

In a study of 220 patients with OA, 95% of the subjects 
reported lack of knee confidence during gait; pain during gait
and fear of movement being high correlates with lack of 
confidence.272

Posttraumatic Arthritis
Posttraumatic arthritis of the knee occurs in response to any
injury that affects the joint structures, particularly following
traumatic ligament and meniscal tears. With these injuries,
joint swelling may be immediate, indicating bleeding within
the joint, or progressive (more than 4 hours to develop), indi-
cating serous effusion. Acute symptoms include pain, limited
motion, and muscle guarding. Trauma, including repetitive
microtrauma, is a common cause of degenerative changes in
the knee joint.

Rheumatoid Arthritis
Early-stage RA usually manifests first in the hands and feet
but with progression of the disease process, the knees may
also become involved. With RA, the joints become warm and
swollen and limited motion develops. In addition, a genu val-
gum deformity commonly develops during the advanced
stages of the disease.

Postimmobilization Hypomobility
When the knee has been immobilized for several weeks or
longer, such as during healing of a fracture or after surgery,
the capsule, muscles, and soft tissue develop contractures and
motion becomes restricted. Tissue adhesions may restrict cau-
dal gliding of the patella, which limits knee flexion, and may
cause pain if the tissue tightness results in increased
patellofemoral joint compression forces. If proximal gliding
of the patella is restricted when the quadriceps muscle con-
tracts, an extensor lag may occur with active knee exten-
sion.281 This usually occurs after operative repairs of some
knee ligaments, when the knee is immobilized in flexion for
a prolonged period.

Common Structural Impairments
■  With joint involvement, the pattern of restriction at the

knee is usually more loss of flexion than extension.
■  When there is effusion (swelling within the joint), a joint

position near 25° of flexion is often most comfortable for

the patient because this position has the greatest capsule
distensibility. Minimal joint motion is possible in the pres-
ence of effusion.

■  Reflex inhibition and resulting weakness of the quadriceps
femoris muscle occurs because of joint distention.279

Symptoms such as joint distention from effusion, stiffness,
pain, and reflex quadriceps inhibition may cause an extensor
(quadriceps) lag in which the active range of knee extension
is less than the passive range available.281

■   Impaired balance responses such as increased body sway
under both static and dynamic conditions have been reported
in patients with knee arthritis.300

Common Impairments, Activity Limitations,
and Participation Restrictions 
■  With acute symptoms and in advanced stages of joint de-

generation, there is pain during motion, weight bearing,
and gait that may interfere with work or routine household
and community activities.

■  There is limitation of, or difficulty controlling, weight-bearing
activities that involve knee flexion, such as sitting down and
rising from a chair or a commode, descending or ascending
stairs, stooping, squatting, or rising from the floor.74

■  With end-stage arthritis, physical activity is markedly cur-
tailed with less participation in leisure and household 
activities.291

Joint Hypomobility: Management—
Protection Phase
See Chapter 11 for general guidelines for the management of
acute joint lesions and specific guidelines for OA and RA.

Control Pain and Protect the Joint
Patient education. It is important to teach the patient
methods to protect the joint including bed positioning, use
of orthotics to avoid deforming contractures, range of motion
(ROM) and muscle-setting exercises to maintain mobility and
promote blood flow, and safe functional activities that reduce
stresses on the knee.

Functional adaptations. Instruct the patient to minimize
stair-climbing, use elevated seats on commodes, and avoid
deep-seated or low chairs in order to minimize the high mus-
cle forces required in these knee flexion ranges while bearing
weight. If necessary during an acute flare of arthritis, have the
patient use crutches, canes, or a walker to distribute forces
through the upper extremities while walking.

Maintain Soft Tissue and Joint Mobility
Passive, active-assistive, or active ROM. Use ROM tech-
niques within the limits of pain and available motion. The
patient may be able to perform active ROM in the gravity-
eliminated, side-lying position, or self-assisted ROM.

Grade I or II joint distraction and anterior/posterior
glides. Apply gentle manual techniques, if tolerated, with the
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joint in or near resting position (25° flexion). These techniques
are used to inhibit pain as well as maintain joint mobility.
Stretching is contraindicated at this stage.

Maintain Muscle Function and Prevent
Patellar Adhesions
Setting exercises. Perform pain-free quadriceps (“quad sets”)
and hamstring muscle-setting exercises with the knee in pain-
free positions, quad sets with leg raises, and submaximal
closed-chain muscle setting exercises. Muscle-setting exercises
are described in detail in the last section of this chapter. Quad
sets may help maintain mobility of the patella when the
tibiofemoral joint is immobilized and therefore are routinely
taught following surgery or when the joint is immobilized.

Joint Hypomobility: Management—
Controlled Motion and Return to
Function Phases
As joint effusion decreases and tissues are able to tolerate in-
creased stresses, the goals of treatment change to deal with
the impairments interfering with function. The patient is pro-
gressed through controlled motion exercises and activities
that focus on safely returning to desired functional activities.

Educate the Patient
■  Inform the patient about his or her condition, what to ex-

pect regarding recovery, and how to protect the joints.
■  Teach the patient safe exercises to do at home, how to

progress them, and how to modify them if symptoms are
exacerbated by the disease, overuse, or the exercises. Exer-
cises that include specifically designed strengthening,
stretching, ROM, and use of a stationary bicycle have been
shown to improve functional outcomes in patients with OA
in a home exercise program.59 It is important to emphasize
that maintaining strength in the supporting muscles helps
protect and stabilize the joint and that balance exercises
help reduce the incidence of falls.

■  Instruct the patient to perform active ROM and muscle-
setting techniques frequently during the day, especially
prior to bearing weight, in order to reduce the painful
symptoms that occur with initial weight bearing.74

■  The patient with OA or RA should be cautioned to alter-
nate activity with rest.

 FOCUS ON EVIDENCE
In a randomized, controlled study59 of 134 patients with knee
OA, a clinic treatment group (n = 66) received supervised ex-
ercise, manual therapy, and home exercises for 4 weeks. A
home exercise group (n  = 68) performed home exercises only.
Outcomes consisted of the distance walked in 6 minutes and
the Western Ontario and McMaster Universities Osteoarthri-
tis Index (WOMAC). Both groups improved at 4 weeks; the
clinic treatment group improved 52% on the WOMAC,

whereas the home exercise group improved 26%. Both groups
improved 10% on the 6-minute walk distances. At 1 year,
there was no difference between the groups, and both groups
demonstrated improvement over baseline measurements.
However, the clinic treatment group was less likely to be tak-
ing medication for the arthritis and was more satisfied with the
outcome of their rehabilitation. The lack of long-term mainte-
nance highlights the importance of patient education and 
adherence to a prescriptive long-term home exercise program.

Decrease Pain From Mechanical Stress
Continue use of assistive devices for ambulation if necessary.
The patient may progress by using less assistance or may am-
bulate for periods without assistance. Continue use of ele-
vated seats on commodes and chairs, if needed, to reduce the
mechanical stresses imposed when attempting to stand.74

Increase Joint Play and Range of Motion
PRECAUTION: Do not increase ROM unless the patient has
sufficient strength to control the motion already available. A mo-
bile weight-bearing joint with inadequate muscle control causes
impaired stability and makes lower extremity weight-bearing
function difficult.

Joint mobilization. When there is loss of joint play and de-
creased mobility, joint mobilization techniques should be
used. Apply grade III or IV sustained or oscillatory techniques
to the tibiofemoral and patellofemoral articulations with the
joint positioned at the end of its available range. (See Figs.
5.49 through 5.54 and their descriptions in Chapter 5.) As
ROM increases, integrate the rotational accessory motions
that accompany flexion and extension.134

■  To increase flexion, position the tibia in medial rotation and
apply the posterior glide against the anterior aspect of the
medial tibial plateau.

■  To increase extension, position the tibia in lateral rotation
and apply the anterior glide against the posterior aspect of
the lateral tibial plateau.

■  Medial and lateral gliding of the tibia on the femur may
also be done to regain mobility for flexion and extension.

Stretching techniques. Passive and proprioceptive neuro-
muscular facilitation (PNF) stretching techniques are used to
increase extensibility of the muscles and extracapsular noncon-
tractile soft tissues that are restricting knee motion. Specific
techniques are described in the last section of this chapter.

PRECAUTIONS: Techniques that force the knee into flexion
by using the tibia as a lever or by using strong quadriceps con-
tractions (during a hold-relax maneuver) may exacerbate joint
symptoms.

Incorporate the following to minimize joint trauma from
stretching.

■  Mobilize the patellofemoral and tibiofemoral joints before
stretching in order to facilitate the natural joint arthrokine-
matics during the stretch maneuvers.
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■  Apply soft tissue or friction massage to loosen adhesions
or contractures prior to stretching. Include deep massage
around the patellar borders.

■  Modify the intensity of the contractions used during PNF
stretching techniques to decrease the effects of joint com-
pression. If activating the quadriceps for a hold-relax tech-
nique to increase knee flexion aggravates anterior knee
pain, an agonist contraction technique with the hamstring
muscles can be used instead.

■  Use low-intensity, long-duration stretches within the 
patient’s tolerance.

Mobilization with movement. Mobilization with movement
(MWM) may be applied to increase ROM and/or decrease the
pain associated with movement by facilitating joint arthrokine-
matics. Mulligan195 states that MWM is more effective with loss
of knee flexion than extension. The principles of MWM are 
described in Chapter 5.

MWM: Lateral or Medial Glides
Patient position and procedure: Supine for extension or
prone for flexion. Apply a pain-free medial or lateral glide to
the tibial plateau manually or with a mobilization belt. The
direction of glide is often in the direction of the pain (i.e., lat-
eral knee pain responds best to a lateral glide of the tibia and
medial knee pain to a medial glide).195

■  While sustaining the mobilization, ask the patient to ac-
tively move to the end of the available pain-free range of
flexion or extension.

■  Add pain-free overpressure to achieve the benefit of end-range
loading.

MWM: Internal Tibial Rotation for Flexion—Manual
Technique
Patient position and procedure: Supine with the knee
flexed to the end of its available pain-free range. Apply inter-
nal rotation mobilization to the tibia with manual pressure
from one hand on the anteromedial tibial plateau simultane-
ously with pressure from the other hand on the posterolateral
tibial plateau, posterior to the fibular head.

■  Sustain the internal rotation mobilization and ask the pa-
tient to flex the knee using a mobilization belt looped
around the foot. Hold the position at the end of the avail-
able pain-free range for several seconds (Fig. 21.6).

MWM: Internal Rotation for Flexion—
Self-Treatment
Patient position and procedure: Standing with the foot of
the involved leg on a chair and knee flexed. Position the foot
such that the tibia is internally rotated. Have the patient apply
internal rotation pressure against the anteromedial and pos-
terolateral tibial plateaus and shift the weight forward to flex
the knee to the end of the available pain-free range (Fig. 21.7).

Improve Muscle Performance in Supporting
Muscles
Exercises identified in this section are described in detail in
the last section of this chapter.

Progressive strengthening. Begin with multiple-angle iso-
metrics to both knee flexors and extensors and active ROM
exercises in open- and closed-chain positions using a moder-
ate progression of repetitions and resistance through arcs of
pain-free motion. Exercise intensity should be within the tol-
erance of the joint and should not exacerbate symptoms.

■  When performing open-chain exercises, patients experi-
ence less pain with faster speeds and light resistance com-
pared to slow speeds with heavy resistance.

■  Resistance to knee extension through the mid-ROM (45°
to 90°) tends to exacerbate patellofemoral pain because of
the increased joint compressive forces on the patella. Apply
resistance in arcs of motion that are pain free on either side
of the symptomatic range. This can be done using manual
or mechanical resistance.

■  Strengthen both hip and ankle musculature using open-
and closed-chain exercises to balance forces throughout the
lower extremities and progress the patient toward func-
tional independence. (See Chapters 20 and 22 for hip and
ankle exercises.)
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FIGURE 21.6 MWM with internal tibial rotation to increase knee
flexion.

FIGURE 21.7 Self-treatment using MWM with internal tibial rotation
to increase knee flexion.
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Muscular endurance training. Increase repetitions at each
resistance level before increasing resistance.

Functional training. Climbing steps, sitting down and rising
up from chairs and commodes, and using safe body mechanics
to lift objects from the floor are often difficult in individuals
with knee arthritis. It is imperative to strengthen the knee mus-
culature using modifications of functional activities, gradually
removing the modifications and progressing the difficulty as
strength improves.

■  Step-up and step-down exercises (forward, backward, lat-
eral). Begin with a low step height, and progress to the step
height the patient requires for home and community mo-
bility. Progress to functional activities, such as climbing
stairs or ladders, depending on the desired outcomes.

■  Wall slides and minisquats to 90°, if tolerated. Stay within a
range that does not exacerbate symptoms. Tie these exercises
in with the functional activities of sitting down and sit-to-stand
(with arm assistance if necessary) to and from various chair
heights. Determine if chair adaptation is needed for safe func-
tion. Teach proper lower extremity alignment and posterior
weight shift to activate and strengthen the gluteus maximus.

■  Partial lunges. Concentrate on trunk control and keeping
the knee over the stance foot during the motion. Have the
patient activate the lumbopelvic musculature to stabilize
the pelvis during the lunge activity. Progress by gradually
increasing the depth of the lunge and by picking up small
objects from the floor to simulate effective body mechanics. 

■  Balance activities. Balance activities are initiated at the
level the patient can control. Detailed suggestions are out-
lined in Chapters 8 and 23.

■  Ambulation. Decrease use of assistive devices as quadriceps
strength improves to a manual muscle test level of 4/5 and
as joint motion during gait becomes normalized and sym-
metrical. Practice walking on a variety of terrains and inclines,
and include changes of direction, first with assistance and
then independently.

Improve Cardiopulmonary Endurance
Select and adapt activities to minimize irritating stresses on
the knee.

■  Swimming, water aerobics, and aquatic exercises provide
an environment for improving muscular and cardiopul-
monary function with minimal joint loading.

■  Bicycling is a low-impact form of exercise. Adjust the seat
height so the knee goes into complete extension (but not
hyperextension) when the pedal is at the lowest point of its
arc. If using a stationary bike, begin with low resistance and
progress as tolerated.

■  High impact activities—with caution. For some patients,
progression to running or jumping rope and other high-
impact, faster-paced, or more intense activities can be un-
dertaken so long as the joint remains asymptomatic. If joint
deformity is present and proper biomechanics cannot be
restored, the patient should be discouraged from progress-
ing to these activities to prevent further joint damage.

Outcomes 
Two systematic reviews of studies designed to examine the
effects of exercise in the management of hip and knee OA
support aerobic exercise and strengthening exercises to 
reduce pain and disability.248,249 The consensus of expert
opinion cited by Roddy248 is that (1) there are few con-
traindications and (2) exercise is relatively safe in patients
with OA but should be individualized and patient-centered
with consideration for age, comorbidity, and general mobil-
ity. Similarly, the Cochrane Database of Systematic Reviews;80

the Philadelphia Panel Evidence-Based Clinical Practice
Guidelines;229 and, more recently, a summary of systematic
reviews of studies on physical therapy interventions for 
patients with knee OA127 indicated that there is evidence to
support strengthening, stretching, and functional exercises
as interventions for the management of knee pain as the 
result of OA and to improve physical function.

Another study followed 285 patients with knee OA for 3 years
and found that factors that protected the individuals from poor
functional outcomes included strength and activity level, as well
as mental health, self-efficacy, and social support.264

An outcome review57 summarized that moderate- or high-
intensity exercises for patients with RA have minimal effect on
the disease activity but that there is insufficient radiological ev-
idence regarding the effect of exercise on large joints. The review
also indicated that long-term moderate- or high-intensity exer-
cises that are individualized to protect radiologically damaged
joints improve aerobic capacity, muscle strength, functional abil-
ity, and psychological well-being of patients with RA. Subjects
with RA who participated in a combined aerobic, strength, and
functional activity program and continued that program
through an 18-month follow-up maintained knee extensor
muscle strength while those who did not continue exercising
lost strength. Aerobic fitness declined and functional ability 
was maintained from baseline in both groups at the 18-month
follow-up.56

Finally, a recent systematic review by the Osteoarthritis Re-
search Society International recommended referral to physical
therapy services as a nonpharmacological intervention to im-
prove functional capacity of patients with symptomatic OA.318

Joint Surgery and
Postoperative Management

A range of surgical options for management of knee arthritis
is available when joint pain and synovitis cannot be controlled
with conservative therapy and appropriate medical manage-
ment, or when destruction of articular surfaces, deformity, or
motion restriction have progressed to the point that func-
tional abilities are significantly impaired.

The surgical procedure selected depends on the patient’s
signs and symptoms, activity level and age, type of disease,
severity of articular damage or joint deformity, and involve-
ment of other joints. Arthroscopic débridement and lavage are
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used to remove loose bodies that may cause symptoms such
as swelling and intermittent locking of the knee.17,260 Several
procedures to repair damaged articular cartilage have been
developed, with mixed results. Abrasion arthroplasty, a proce-
dure designed to smooth worn articular surfaces and stimu-
late growth of replacement cartilage has had only limited
success. 17,260 More recently developed procedures to repair
small, localized articular cartilage defects of the knee, such as
microfracture,94,262 osteochondral autograft transplantation
(mosaicplasty),13,106,143 and autologous chondrocyte implanta-
tion,44,95,303 appear to hold promise.

Synovectomy had been the procedure of choice for the
young patient with unremitting joint effusion, synovial pro-
liferation, and/or pain as the result of RA or juvenile RA and
minimal articular surface destruction, but it is now used in-
frequently.35,223,260 Osteotomy of the distal femur or proximal
tibia (an extra-articular procedure) redistributes weight-bearing
forces between the tibia and femur in an attempt to reduce
joint pain during activities and delay the need for knee arthro-
plasty.17,35,260 In the past, high tibial osteotomy was considered
a surgical option for the active patient younger than age 50 to
55 years without active systemic disease, significant motion lim-
itations, or joint deformity. However, advancements in arthro-
plasty have meant that joint replacement is now performed
more frequently in younger patients, making osteotomy a less
common surgical option.39

When erosion of articular surfaces becomes severe and
pain is unremitting, total knee arthroplasty (total knee replace-
ment) is the surgical procedure of choice to reduce pain, cor-
rect deformity, and improve functional movement.123,167,258

Only in highly selective situations is arthrodesis (fusion) of
the knee used as a salvage procedure to provide a patient with
a stable and pain-free knee.

Regardless of the type of surgery, the goals of surgery and
postoperative management are to (1) reduce pain, (2) correct
deformity or instability, and (3) restore lower extremity func-
tion. Carefully progressed postoperative rehabilitation is 
essential for optimal functional outcomes.

Repair of Articular Cartilage Defects
Injuries of the ligaments or menisci of the knee and acute or
chronic patellofemoral dysfunction are often associated with
articular surface damage. Surgical management of chondral
defects has proved challenging because of the limited capacity
of articular cartilage to heal.44,153 However, several surgical
procedures are available to repair cartilage lesions when non-
operative management or palliative arthroscopic débridement
and lavage have been unsuccessful. The strategies for these
surgical procedures focus on either repair or restoration.242

Cartilage repair procedures include microfracture or bone
drilling,94,153,242,262,282 while restoration procedures range
from osteochondral autograft transfer (OAT), osteochondral
allograft transplant,13,18,106,143 and autologous chondrocyte
implantation.95,153,242,303 These procedures are designed to
stimulate growth of hyaline cartilage within focal articular

cartilage defects and to prevent progressive deterioration of
joint cartilage leading to OA.44,153

Descriptions of procedures specific to the knee are pre-
sented in this section. Regardless of the cartilage procedure
selected, each requires the patient’s ability and willingness to
adhere to a lengthy rehabilitation process.

Indications for Surgery
The primary indication for repair or restoration of an articular
cartilage defect is a symptomatic knee caused by a small to rel-
atively large focal lesion of the tibiofemoral or patellofemoral
joint surfaces. Lesions are most commonly located on the
weight-bearing portions of the medial or lateral femoral
condyles, the trochlear groove, and the patellar facets.

Selection criteria when choosing the procedure include the
size of the chondral lesion, the depth and location of the lesion,
the elapsed time since the occurrence of the defect, and the pa-
tient’s age and intended activity level. In general, defects greater
than 1 to 2 cm2 but no more than 4 cm2 are considered suitable
for repair. Defects larger than 4 cm2 are more appropriate for
restoration techniques.242 Most patients who undergo articular
cartilage repair are young and active. 44,153

CLINICAL TIP
A system for classification of cartilage lesions developed by the
International Cartilage Repair Society is based on a five-point
grading scale. Lesions range from grade 0 (normal cartilage
without notable defects) to grade 4 (severely abnormal, full-
thickness osteochondral defects).32

Procedures
Microfracture. Microfracture is indicated for repair of small
defects, usually of the medial or lateral femoral condyle or the
patella. The procedure is performed arthroscopically and uses
a nonmotorized awl to systematically penetrate the subchon-
dral bone and expose the bone marrow. This first-option
treatment is designed to stimulate a marrow-based repair re-
sponse leading to local ingrowth of cartilaginous repair tissue
(fibrocartilage) to mend the lesion.44,94,153,262,282 Autologous
matrix-induced chondrogenesis is a newer technique that
combines microfracture with the application of a bilayer 
collagen membrane to stabilize the ingrowth and guide the
repair.242

Osteochondral autograft transfer. For focal lesions involv-
ing chondral or subchondral tissue of the weight-bearing sur-
faces of the knee, osteochondral graft transplantation may be
selected. This is an arthroscopic or mini open procedure that
transplants intact mature articular cartilage along with some
underlying bone, resulting in a bone-to-bone graft.13,18,106,143

Mosaicplasty is a similar technique that uses multiple small-
diameter osteochondral plugs that are harvested and press-fit
into the chondral defect, instead of the single piece of tissue
that is used in the OAT procedure.13,18,106,143
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Donor sites are most often nonweight-bearing, nonartic-
ulating portions of the supracondylar ridge of the lateral
femoral articulating surfaces.13

Autologous chondrocyte implantation. This procedure,
also referred to as chondrocyte transplantation, is used in
younger patients with a single, larger (2- to 4-cm2) full-thickness
chondral and osteochondral defect of the femoral condyle or
patella.44,95,303 The procedure occurs in two stages. First,
healthy articular cartilage is harvested arthroscopically from
the patient. Then chondrocytes are extracted from the artic-
ular cartilage, cultured for several weeks, and processed in a
laboratory to increase the volume of healthy tissue. The sec-
ond stage involves the implantation of the chondrocytes dur-
ing an arthrotomy (open procedure). After debriding the
chondral defect sites, they are covered with a periosteal patch
harvested from the proximal medial tibia, and the patch is se-
cured with fibrin glue. Millions of autologous chondrocytes
are then injected under the patch into the articular defects.

Patient positioning during the first 4 hours after surgery
is critical. Patients are positioned so the effect of gravity 
distributes the chondrocytes evenly along the base of the 
defect.240 For example, after a patellar surface repair, the 
patient is positioned in prone.

Maturation of the implanted chondrocytes is a lengthy
process. It may take as long 6 months for the graft site to be-
come firm and as long as 9 months for the graft to become as
durable as the healthy tissue surrounding the graft.95

Osteochondral allograft transplant. For defects larger than
4 cm2, the only option for repair—although used infrequently—
is an osteochondral allograft of intact articular cartilage from a
cadaveric donor. Intact grafts are harvested and stored for up to
4 weeks before implantation in the defect.55 Frozen allografts
have also been used in some patients with good long-term 
results,22,226 although freezing the graft material may kill artic-
ular chondrocytes and lead to graft failure.44,153

Other procedures. If coexisting ligament or meniscus pathol-
ogy or tibiofemoral or patellofemoral malalignment is identi-
fied prior to or concomitant with surgical repair, reconstruction
or realignment must be carried out for the articular cartilage
repair to be successful. The most common procedures are ACL
reconstruction and meniscus repair for tibiofemoral articular
defects and lateral retinacular release for patellar defects.13,95

Postoperative Management
A cautiously progressed and closely monitored rehabilitation
program is critical for a successful outcome after articular car-
tilage repair procedures. The components and progression of
a rehabilitation program, including exercise, ambulation, and
functional activities, must be carefully graded to protect the
repair or graft and prevent further articular damage while ap-
plying controlled stresses to stimulate the healing process.

There are many common elements to the progression of
postoperative exercises and functional activities after mi-
crofracture, osteochondral autologous transplantation, and
autologous chondrocyte implantation, yet they also vary to

some degree. Detailed postoperative protocols, as well as com-
prehensive clinical practice guidelines for each of these proce-
dures, have been published.13,95,143,142,240 In addition to the type
of repair, the rehabilitation progression is based on the size,
depth, and location of the articular defect, the concomitant sur-
gical procedures, and patient-related factors such as age, body
mass index, health history, and preoperative activity level.

The goals during rehabilitation after articular cartilage 
repair are similar to those for most knee rehabilitation pro-
grams presented in this chapter. Protected weight bearing over
an extended period of time and early motion are essential
after articular cartilage repair to promote maturation and
maintain the health of the repaired or implanted cartilage.
Special considerations for exercise and weight bearing asso-
ciated with the various articular cartilage procedures are 
summarized in Box 21.1.13,95,143,142,240,303

Total Knee Arthroplasty
Total knee arthroplasty (TKA), also called total knee replace-
ment, is a widely performed procedure for advanced arthri-
tis of the knee. TKA is primarily performed in older patients
(≥70 years of age), but over the past few decades the pro-
portion of younger patients undergoing TKA has increased
significantly.146 The overarching goals of TKA are to relieve
pain and improve a patient’s physical function and quality
of life.189,258

Indications for Surgery
The following are common indications for TKA:123,167,258

■  Severe joint pain with weight bearing or motion that com-
promises functional abilities

■  Extensive destruction of knee articular cartilage secondary
to advanced arthritis

■  Marked deformity of the knee such as genu varum or valgum
■  Gross instability or motion limitation 
■  Failure of nonoperative management or a previous surgical

procedure

Procedure

Background
Prosthetic replacement of one or more surfaces of the knee joint
was developed during the 1960s. To address problems with early
prosthetic designs, semiconstrained, two-component designs
were created, and design innovations continue to this day. For
the patient with severe anterior knee pain resulting from ad-
vanced patellofemoral deterioration, a three-component, total
condylar design that includes patellofemoral joint resurfacing
was developed. For advanced arthritis of only the medial or lat-
eral aspect of the knee, the unicompartmental (unicondylar)
knee arthroplasty (UKA) was developed as an alternative 
to TKA.197,217,252,290

A therapist’s knowledge of the different types of TKA and
UKA used today enhances communication between the ther-
apist and surgeon and provides a foundation for rehabilitation
decisions.
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Types of knee arthroplasty. Contemporary knee replace-
ment procedures can be divided into several categories based
on component design, surgical approach, and type of fixation
(Box 21.2).124,167,194,197,258,290 One category is based on the num-
ber of components implanted or articulating surfaces replaced.
Another is based on the degree of constraint or amount of in-
herent congruency/stability built into the design. Most TKA
procedures today involve a two-component (bicompartmental),
semiconstrained prosthetic system that replaces the proximal
tibia and distal femur (Fig. 21.8). These systems are typically
composed of a modular or nonmodular femoral compo-
nent with a metal articulating surface paired with a single 

all-polyethylene or metal-backed modular or nonmodular tibial
component with a polyethylene articulating surface.124,167,258

Occasionally, a tricompartmental design, which also resur-
faces the posterior aspect of the patella with a polyethylene
component, is selected if the patellofemoral joint is sympto-
matic.123,167,258 For the younger patient (< 55 years of age)
with advanced disease of only the medial or lateral compart-
ment of the knee joint, a unicompartmental design is often
selected to replace just one tibial plateau and one femoral
condyle.197,217,252,258,290

Intact MCL and LCL are necessary prerequisites for semi-
constrained and unconstrained TKA.123,167,258 Fully constrained
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BOX 21.1 Special Considerations and Precautions for Rehabilitation After Articular Cartilage Repair*

■ The larger the lesion, the slower and more cautious the
rehabilitation progression.

■ Early but controlled ROM is advocated to facilitate the healing
process and begins immediately or within a day or two after
surgery (CPM, passive or assisted exercise).

■ Controlled (protected) weight bearing initiated as early as
possible is beneficial to the healing process, but adherence to
weight-bearing restrictions is critical.

■ Duration and degree of weight-bearing restrictions vary with
the defect size and the type and location of the repair.*

■ Longer period of protected weight bearing for osteochondral
transplantation/mosaicplasty and autologous chondrocyte
implantation than after microfracture

■ Longer period of protected weight bearing for a femoral
condyle repair (up to 8 to 12 weeks) than for a patellar
defect (up to 4 weeks)

■ Full weight bearing is delayed for as long as 8 to 12 weeks
■ Protective bracing may be used postoperatively.

■ Typically locked in extension, except during exercise
■ Worn during weight-bearing activities 4 to 6 weeks

■ Worn during sleep for as many as 4 weeks
■ An unloading brace may be used after repair of a femoral

condyle defect during the period of protected weight bearing
to shift the weight away from the repair

■ Return to functional activity.142

■ In general, low-impact sports such as swimming, skating,
rollerblading, and cycling are permitted at about 6 months

■ High-impact sports, such as jogging, running, and aerobics are
usually permitted at:
■ 8–9 months for small lesions
■ 9–12 months for larger lesions

■ Higher-impact sports such as tennis, basketball, football, 
and baseball are usually permitted by 12–18 months.

*Considerations and precautions vary with the size, depth, and
location of the articular defect, type of surgical repair and concomitant
procedures, and patient-related factors (e.g., age, body mass index,
health history, and preoperative activity level).

BOX 21.2 Total Knee Arthroplasty: Design, Surgical Approach, and Fixation

Number of Compartments Replaced
■ Unicompartmental: only the medial or lateral joint surface is

replaced
■ Bicompartmental: entire femoral and tibial surfaces are

replaced
■ Tricompartmental: femoral, tibial, and patellar surfaces are

replaced

Implant Design
■ Degree of constraint

■ Unconstrained: no inherent stability in the implant design;
used primarily with unicompartmental arthroplasty

■ Semiconstrained: provides some degree of stability with little
compromise of mobility; most common design used for total
knee arthroplasty

■ Fully constrained: significant congruency of components;
most inherent stability but motion is considerably limited

■ Fixed-bearing or mobile-bearing design
■ Cruciate-retaining or cruciate-excising/substituting

Surgical Approach
■ Standard/traditional versus minimally invasive
■ Quadriceps-splitting versus quadriceps-sparing

Implant Fixation
■ Cemented
■ Uncemented
■ Hybrid
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designs, now used infrequently, are reserved for the low-demand
patient who has marked instability of the knee, extensive 
bone loss, severe deformity, or who has had previous TKA 
revisions.123,167 Contemporary fully constrained designs are not
hinged but have inherent medial-lateral (ML) and anterior-
posterior (AP) stability, with some degree of rotation of the
tibia on the femur allowed to lessen the problem of progressive
loosening of the prosthetic components over time.123,167

TKA designs are also classified as mobile-bearing or fixed-
bearing. The most recent development in the evolution of
TKA is the introduction of the mobile-bearing, bicompart-
mental prosthetic knee. A mobile-bearing knee has a rotating
platform inserted between the femoral and tibial components
whose top surface is congruent with the femoral implant
(round-on-round articulation) but whose undersurface is flat
for rotation and sliding of the tibial component (flat-on-flat
articulation).38,194,258 A fixed-bearing knee does not have such
an insert.60,258 The purpose of the mobile-bearing insert is to
decrease long-term wear of the polyethylene tibial compo-
nent. A mobile-bearing knee design is recommended for the
active patient, younger than 55 to 65 years of age.258

Another way to classify TKA design is based on the status
of the PCL. Designs are described as cruciate-retaining or
cruciate-excising/substituting.123,167,213,216,258 Although the
ACL is routinely excised during knee replacement—except
with UKA—the PCL can be preserved or sacrificed. If the

PCL is intact to provide posterior stability to the knee, one of
several cruciate-retaining designs that require less congruency
and allow some degree of AP glide can be used. If the PCL is
irreparably deficient, a cruciate-excising/substituting prosthesis
is selected. This type of design has inherent posterior stability
from the congruency of the components, a posterior promi-
nence in the tibial component, or a cam-post mechanism built
into the design. Cruciate-retaining and cruciate-excising de-
signs can be either fixed-bearing or mobile-bearing.258

Surgical approach. TKA and UKA procedures are also de-
scribed in terms of the surgical approach employed.28,41,197,258

Since the inception of knee arthroplasty, an open approach
requiring a relatively long anterior incision has been em-
ployed to provide sufficient exposure of the knee joint during
the procedure. A recent advance is the development of mini-
mally invasive knee arthroplasty.28,197 As with traditional joint
arthroplasty, minimally invasive arthroplasty is an open pro-
cedure. However, minimally invasive TKA involves a smaller
incision and less soft tissue disruption to reduce postoperative
pain and increase the rate of postoperative recovery. Standard
(traditional) and minimally invasive surgical approaches are
described later in this section.

Fixation. The method of fixation—cemented, uncemented,
or “hybrid”—is another way to classify TKA procedures—
that is, implants are held in place with acrylic cement, bone
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FIGURE 21.8 Posterior cruciate-retaining total knee arthroplasty of the right knee with cemented fixation. (A) Anteroposterior view. 
(B) Lateral view. 
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ingrowth (uncemented), or a combination of these two meth-
ods.167,215,239,302 Initially, almost all total knee replacements
relied on cemented fixation. However, a long-term complica-
tion associated with early designs of cemented prostheses was
biomechanical loosening, primarily of the tibial component
at the bone-cement interface, with young, active patients at
highest risk for component loosening.302

To address the problem of loosening, cementless (biological)
fixation relying on rapid growth of bone into the surfaces of a
porous-coated or beaded prosthesis was introduced and recom-
mended primarily for the young, active patient.123,167,215,258,302

In addition, a hydroxyapatite coating on the prosthesis can be
used to enhance the ingrowth of bone.260 However, long-term
follow-up demonstrated that although the femoral component
reliably achieved fixation to bone, tibial component loosening
occurred at an even higher rate with all-cementless fixation
compared with cemented fixation.215,302 This finding gave rise
to the “hybrid” TKA, which combines cemented fixation of 
the tibial component and cementless fixation of the femoral
component.

Currently, all-cemented fixation is used most often, and all-
cementless is used least often. A surgeon’s decision whether to
employ hybrid fixation is based on the patient’s age, bone qual-
ity, and expected activity level and the tightness of fit of the
femoral component achieved during surgery.258 Design modi-
fications to augment fixation of the tibial component (e.g., with
pegs or screws) continue, although the long-term value of these
designs has yet to be determined.123,316

In summary, research and development continue on TKA
biomechanics, prosthetic designs, fixation methods, materials
with better wear qualities, and surgical techniques using so-
phisticated instrumentation for alignment and placement of
the components. 

Operative Overview
An incision along the midline or anteromedial aspect of the
knee can be used with either the standard or minimally invasive
approach. Key features of these two types of approaches are
compared in Table 21.1.28,41,197,258 A quadriceps-splitting or a
quadriceps-sparing approach is used to reach the capsule for

an arthrotomy. The knee is flexed, and osteophytes, menisci,
and the ACL are resected. If a posterior cruciate-substituting
prosthesis is to be implanted, the PCL is also excised.

A series of surgical techniques are performed prior to in-
serting the implants.124,258 Contemporary TKA usually employs
either computer-assisted navigation during surgery or custom-
made cutting blocks based on presurgical images to ensure 
precise placement and alignment of the components. Small
portions of the distal femur and proximal tibia are removed
and prepared for the implants. If a patellar implant is indicated,
the patellar surface also is prepared and the prosthesis inserted.
After trial components are inserted, soft tissue tension, collateral
ligament balance, ROM, and patellar tracking are assessed. The
lateral retinaculum may be released to improve patellar track-
ing.144,258 Permanent components are inserted, and the capsule
and other soft tissues are repaired. The area is thoroughly irri-
gated, and the wound is closed with a small suction drain in
place and the knee positioned in extension. A sterile dressing is
placed over the incision, and the area is covered from foot to
thigh with a compression wrap.

Complications
The incidence of complications after TKA is low. Intraopera-
tive complications, such as an intercondylar fracture or dam-
age to a peripheral nerve, are uncommon. Because minimally
invasive TKA is considered more technically challenging than
conventional TKA,the rate of intraoperative complications,
such as fracture or malpositioning of an implant, is higher
with a minimally invasive than a standard approach.28,87 An
increased incidence of intraoperative technical errors is asso-
ciated with patient obesity.129

Early and late postoperative complications include infec-
tion, joint instability, polyethylene wear, and component loos-
ening. As with arthroplasty of other joints, there is a risk of
wound-healing problems and deep vein thrombosis (DVT)
during the first few months after surgery. Although the inci-
dence of deep periprosthetic infection is low, it is the most
common reason for early failure and the need for revision
arthroplasty. In contrast, polyethylene wear of the patellar and
tibial components is the most common late complication 
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TABLE 21.1 Features of Standard and Minimally Invasive Surgical Approaches for Total Knee Arthroplasty

Standard Traditional Approach Minimally Invasive Approach

■ Anteromedial parapatellar vertical or curved incision 
from the distal aspect of the femoral shaft, running 
medial of the patella to just medial of the tibial 
tubercle, ranging from 8–12 cm28 or 13–15 cm258

in length
■ Necessary soft tissue releases prior to eversion 

of the patella
■ Anterior capsule release
■ Dislocation of the tibiofemoral joint prior to bone 

cuts and implantation of components

■ Reduced length of anteromedial skin incision 6–9 cm in length28

■ No patellar eversion
■ Anterior capsule release
■ No tibiofemoral dislocation
■ In situ bone cuts
■ In situ implantation of components
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requiring revision.52,196 The incidence of biomechanical loos-
ening has been reduced significantly with the newer pros-
thetic designs and improved surgical techniques.196,259 If
mechanical loosening develops over time, it occurs most often
at the tibial component and with cementless or hybrid TKAs
rather than fully cemented replacements.215

Other postoperative complications that can compromise
a patient’s functional recovery include limited knee flexion,
joint instability leading to subluxation,52,258 and patellar in-
stability or tracking problems leading to impaired function
of the extensor mechanism (most often an extensor lag).144,258

Additionally, obesity has been shown to limit mobility out-
comes after TKA compared to nonobese patients.129

Postoperative Management
Goals and interventions during progressive phases of postop-
erative rehabilitation after TKA are summarized in Table 21.2.
Guidelines are similar for management after UKA. Interventions
also may include preoperative patient education on an individ-
ual or group basis.260 Following surgery, patients routinely 
receive gait training and exercise instruction while hospitalized
and in a subacute rehabilitation facility. Many patients also 
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TABLE 21.2 Total Knee Arthroplasty: Interventions for Each Phase of Rehabilitation

Phase and General Maximum Protection Moderate Protection Minimum Protection/Return to 
Time Frame Phase: Weeks 1–4 Phases: Weeks 4–8 Function Phases: Beyond Week 8

Patient presentation

Key examination procedures

Goals

■ Patient enters
rehabilitation 1–2 days
postoperatively

■ Postoperative
compression dressing

■ Postop pain
controlled

■ ROM 10°–60°
■ Weight bearing as

tolerated with
cemented prosthesis,
delayed with
uncemented 
or hybrid

■ Pain (0–10 scale)
■ Monitor for

hemarthrosis
■ ROM
■ Patellar mobility
■ Muscle control
■ Soft tissue palpation

■ Control postoperative
swelling

■ Minimize pain
■ ROM 0°–90°
■ 3/5 to 4/5 strength of

quadriceps
■ Ambulate with or

without assistive
device

■ Establish home
exercise program

■ Minimum pain
■ Full weight bearing

except with
uncemented or hybrid

■ ROM 0°–90°
■ Joint effusion

controlled
■ Impaired balance and

functional mobility
■ Diminished muscle

function and
cardiopulmonary
endurance

■ Pain assessment
■ Joint effusion—girth
■ ROM
■ Patellar mobility
■ Gait analysis

■ Reduce swelling
■ ROM 0°–110° or

greater
■ Full weight bearing
■ 4/5 to 5/5 strength
■ Unrestricted ADL

function
■ Improved balance,

neuromuscular
control, and
functional mobility

■ Adherence to home
exercise program

■ Muscle function: 70% of noninvolved
extremity

■ No symptoms of pain or swelling
during previous phase

■ Impaired balance and functional
mobility

■ Pain assessment
■ Muscular strength testing
■ Patellar alignment/stability
■ Gait analysis
■ Functional status

■ Develop maintenance program and
educate patient on importance of
adherence including methods of joint
protection

■ Community ambulation
■ Improve cardiopulmonary

endurance/aerobic fitness

Continued
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receive home-based or outpatient therapy after discharge from
inpatient care.

A patient is advanced from one phase of rehabilitation to
the next based on an evaluation of their signs and symptoms
and responses to selected interventions rather than solely at
designated time periods. Accordingly, the timelines noted in
Table 21.2 and described in the following sections are 
intended to serve only as general guidelines. 

NOTE: The postoperative guidelines in Table 21.2 and the fol-
lowing sections reflect recommendations for patients who have
undergone primary TKA in which a standard surgical approach
was used. The suggested timelines for the progression of exer-
cises and weight bearing tend to be more rapid after UKA than
TKA and after minimally invasive compared with traditional
arthroplasty, but slower after complex revision arthroplasty ver-
sus primary arthroplasty.

Immobilization and Early Motion
After primary TKA, the knee is either immobilized in a bulky
compression dressing for a day, or subjected to mechanical
continuous passive motion (CPM). The position of immobi-
lization after primary TKA is usually extension.258 Although
uncommon, an alternative approach is to immobilize the
knee in a 90° flexion splint immediately after surgery and for
brief intervals during the next day or two to achieve knee flex-
ion as soon as possible while maintaining knee extension with

exercises.117 With a complicated revision arthroplasty, an 
extended period of immobilization may be required.

During the initial postoperative period, it may be advisable
for the patient to wear a posterior extension orthosis during
ambulation until quadriceps control is reestablished. An ex-
tension orthosis is also indicated at night for the patient who
is having difficulty achieving full knee extension or who had
a significant preoperative knee flexion contracture.39,258

After first being introduced, CPM was used routinely fol-
lowing TKA during the patient’s hospitalization.97 Early stud-
ies demonstrated benefits of CPM, including decreased need
for postoperative pain medication, decreased incidence of
deep vein thrombosis, and increased or more rapid recovery
of ROM.131,161,176 Over time, however, this practice has de-
creased as early mobility has been shown to be equally effec-
tive in realizing these benefits.109

Customary practice for the past 2 decades has been to initiate
early postoperative exercise following TKA except in some in-
stances of complex revision arthroplasty.66 Chapter 3 includes
a section on the history and current guidelines for using CPM.

Weight-Bearing Considerations
The extent to which weight bearing is allowable after primary
TKA depends on the type of prosthesis implanted; the type
of fixation used; the patient’s age, size, and bone quality; and
whether a knee immobilizer is worn during ambulation or
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TABLE 21.2 Total Knee Arthroplasty: Interventions for Each Phase of Rehabilitation—cont’d

Phase and General Maximum Protection Moderate Protection Minimum Protection/Return to 
Time Frame Phase: Weeks 1–4 Phases: Weeks 4–8 Function Phases: Beyond Week 8

Interventions

■ Pain modulation
modalities

■ Compression wrap 
to control effusion

■ Ankle pumps to
minimize risk 
of DVT

■ A-AROM and AROM
■ Muscle setting

quadriceps,
hamstrings, and
adductors (may
augment with 
E-stim)

■ Patellar mobilization
(grades I and II)

■ Gait training
■ Flexibility program

hamstrings, calf, 
IT band

■ Trunk/pelvis
stabilization 
exercises

■ Patellar mobilization
■ LE stretching program
■ Closed-chain

strengthening
■ Limited range PRE
■ Tibiofemoral joint

mobilization, if
appropriate and
needed

■ Proprioceptive
training

■ Stabilization and
balance exercises

■ Protected aerobic
exercise—swimming,
cycling or walking

■ Continue as previous phase; advance
as appropriate

■ Progression of balance and advanced
functional activities

■ Implement exercise specific to
identified deficits and expected
functional tasks
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transfers. With cemented fixation, weight bearing as tolerated
using crutches or a walker is usually permitted immediately
after surgery. The patient progresses to full weight bearing
over a 6-week period.239

With biological/cementless fixation, recommendations for
weight bearing vary from permitting only touch-down weight
bearing for 4 to 8 weeks while using crutches or a walker215

to weight bearing as tolerated within a few days after surgery
while using crutches or a walker.39,258,260

A cane can be used during the progression from partial to
full weight bearing. Ambulation without an assistive device,
particularly during outdoor walking, is not advisable until the
patient has attained full or nearly full, active knee extension
ROM, and adequate strength of the quadriceps and hip mus-
culature to control the operated lower extremity.39,167,215,260

Exercise Progression
Goals and exercises for progressive phases of postoperative
rehabilitation after current-day TKA, noted in Table 21.2, are
discussed in the following sections.11,39,66,180,185,231,260,317 Pre-
cautions for exercise during rehabilitation are summarized in
Box 21.3.

Many of the exercises described for the early phase of re-
habilitation were reported in a consensus document developed
by physical therapists on the management of hospitalized pa-
tients after TKA.66 Prior to discharge from inpatient rehabili-
tation, a home exercise program serves as the foundation for
the remainder of the rehabilitation process, with some patients
also undergoing home-based or outpatient rehabilitation for
a limited number of visits.

Exercise: Maximum Protection Phase
The focus of management during the first phase of rehabili-
tation and the acute/inflammatory and early subacute stage
of tissue healing, which extends for about 4 weeks, is to con-
trol pain and swelling, achieve independent ambulation and
transfers using an assistive device, prevent early postoperative
medical complications such as pneumonia and DVT, and
minimize the adverse effects of postoperative immobiliza-
tion. The ROM goal is to attain 90° of knee flexion and full
knee extension by the end of this first phase of rehabilitation.
However, full knee extension may not be possible until joint
swelling has subsided.

It is well established that pain and joint swelling limit the
function of the quadriceps muscle. In addition, there is a high
correlation between quadriceps muscle weakness and im-
paired functional abilities during the initial period of recovery
after TKA.187 Regaining quadriceps muscle strength, partic-
ularly in terminal extension, as early as possible after TKA is
essential for functional control of the knee during ambulation
and stair climbing. In addition to early postoperative exercise,
neuromuscular electrical stimulation or biofeedback of the
quadriceps may be beneficial as it has been shown to be safe
when initiated as early as 2 days following surgery.8,185

 FOCUS ON EVIDENCE
Mizner and coinvestigators188 compared the voluntary activa-
tion and force-producing capacity of the quadriceps femoris
muscle group in 52 patients (mean age 64.9 years, range 49 to
78 years) 3 to 4 weeks after unilateral, cemented primary TKA
for OA to 52 healthy individuals (mean age 72.2 years, range
64 to 85 years) without knee pathology. All patients in the TKA
group had participated in a standard exercise program follow-
ing surgery. Quadriceps force production and volitional acti-
vation of the operated limb were 64% and 26% less in the TKA
group than in the healthy group, respectively, but there were
no significant differences of the noninvolved knees in the TKA
group compared with the healthy group. Based on the results
of their study, the investigators recommended the use of neu-
romuscular electrical muscle stimulation or biofeedback as an
adjunct to an individualized postoperative exercise program
to augment quadriceps muscle force production after TKA.

Results of a prospective, randomized, controlled study con-
ducted by Avramidis and colleagues9 support the recommended
use of neuromuscular electrical stimulation in addition to a
postoperative exercise program after TKA. Thirty patients
scheduled to undergo primary TKA were randomly assigned to
either a treatment group or a control group (15 patients per
group). Both groups underwent an individualized program of
exercise and gait training following surgery, while the treatment
group also received electrical stimulation to the vastus medialis
muscle 4 hours a day for 6 weeks beginning on postoperative
day 2. Patients in the treatment group demonstrated a signifi-
cantly faster walking speed than those in the control group at 
6 weeks and 12 weeks postoperatively.
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BOX 21.3 Exercise Precautions Following TKA

■ Monitor the integrity of the surgical incision during knee
flexion exercises. Watch for signs of excessive tension on
the wound, such as drainage or skin blanching.

■ Postpone SLRs in side-lying positions for 2 weeks after
cemented arthroplasty and for 4 to 6 weeks after
cementless/hybrid arthroplasty to avoid varus and valgus
stresses to the operated knee.

■ Confer with the surgeon to determine when it is permissible
to initiate exercises against low-level resistance. It may be
as early as 2 weeks or as late as 3 months postoperatively.

■ If a posterior cruciate-sacrificing (posterior-stabilized)
prosthesis was implanted, avoid hamstring strengthening in
a sitting position to reduce the risk of posterior dislocation
of the knee.39

■ Tibiofemoral joint mobilization techniques to increase knee
flexion or extension may or may not be appropriate,
depending on the design of the prosthetic components. It is
advisable to discuss the use of these techniques with the
surgeon before initiating them.

■ Postpone unsupported or unassisted weight-bearing
activities until strength in the quadriceps and hamstrings is
sufficient to stabilize the knee.
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Goals and interventions. The following goals and exercise
interventions are included in the initial phase of rehabilitation
after TKA.11,39,66,180,185,260,317

■  Prevent vascular and pulmonary complications.
■ Ankle pumping exercises with the leg elevated immedi-

ately after surgery to prevent venous stasis and reduce
the risk of a DVT or pulmonary embolism

■ Deep breathing exercises
■  Control pain and swelling.

■ Cold, compression, and elevation
■  Minimize reflex inhibition or loss of knee and hip muscu-

lature strength.
■ Muscle-setting exercises of the quadriceps (preferably

coupled with neuromuscular electrical stimulation),
hamstrings, and hip extensors and abductors

■ Active-assisted and active straight leg raise (SLR) exer-
cises in supine and prone positions the first day or two
after surgery, postponing SLRs in side-lying positions for
as long as 2 weeks after cemented TKA and for as long
as 4 to 6 weeks after cementless/hybrid replacement to
avoid varus or valgus stresses to the operated knee

■ Active-assisted ROM progressing to active ROM of the
knee while seated and standing for antigravity knee ex-
tension and flexion, respectively

■ As weight bearing on the operated lower extremity per-
mits, terminal knee extension in standing, wall slides in
a standing position, minisquats, and partial lunges to de-
velop control of the knee extensors and reduce the risk
of an extensor lag

■  Maintain or improve strength of the contralateral lower
extremity.
■ PRE of nonoperated lower extremity, particularly the

quadriceps and hip extensors and abductors317

■  Regain knee ROM.
■ Heel-slides in a supine position or while seated with the

foot on the floor to increase knee flexion
■ Neuromuscular facilitation and inhibition techniques,

such as the agonist-contraction technique (described in
Chapter 4), to decrease muscle guarding and increase
knee flexion

■ Gravity-assisted knee flexion by having the patient sit
and dangle the lower leg over the side of a bed

■ Gravity-assisted or self-assisted knee extension in the
supine or long-sitting position by periodically placing a
rolled towel under the heel and leaving the knee unsup-
ported, or by gently pressing downward on the distal
femur with both hands 

■ Gentle inferior and superior patellar gliding techniques

PRECAUTION: Avoid placing a pillow or rolled towel under
the knee while lying supine or while seated with the operated
leg elevated to reduce the risk of developing a knee flexion
contracture.

■  Improve trunk stability and balance.
■ Trunk stabilization exercises
■ Balance activities in sitting and weight shifting in bilat-

eral stance while adhering to weight-bearing restrictions

■  Reestablish functional mobility.
■ Gait training with an appropriate assistive device to

maintain weight-bearing restrictions 
■ Functional training (bed mobility, sit-to stand transfers,

basic ADLs)

Criteria to progress. The criteria to progress to the inter-
mediate phase of rehabilitation include the following:

■  Minimal swelling and pain
■  Well-healed incision with no signs of infection
■  Independent basic ADLs and ambulation with appropriate

assistive device
■  Full or nearly full active knee extension and 90° knee flexion

Exercise: Moderate Protection/Controlled 
Motion Phase
The emphasis of the intermediate phase of rehabilitation,
which begins at about 4 weeks and extends to 8 to 12 weeks
postoperatively, is to achieve approximately 110° knee flexion
and active knee extension to 0° and to regain lower extremity
strength and muscular endurance, balance, cardiopulmonary
endurance, and additional functional mobility.

By 4 to 6 weeks postoperatively, if nearly full knee extension
has been achieved and the strength of the quadriceps is suffi-
cient, most patients transition to using a cane during ambu-
lation. This makes it possible to focus on normalizing the
patient’s gait, sit-to-stand, and stair ascent and descent patterns
and on improving the speed and duration of walking. In gen-
eral, most improvements in a patient’s functional abilities and
quality of life tend to occur by 3 months postoperatively.132

Goals and interventions. The goals and exercise interven-
tions for the intermediate phase of rehabilitation are the 
following:11,39,66,180,187,231,260,317

■  Increase strength and endurance of knee and hip 
musculature.
■ Multiple-angle isometrics and low-intensity dynamic re-

sistance exercises of the quadriceps, hamstrings, and hip
musculature (extensors, abductors, external rotators)
against a light grade of elastic resistance or a cuff weight
around the ankle

■ Resisted SLRs in various positions to increase the
strength of hip and knee musculature

■ As weight bearing allows, continue or begin closed-chain
exercises including resisted terminal knee extension in
standing, standing wall slides, minisquats, partial lunges,
and the sit-to-stand task emphasizing proper lower ex-
tremity alignment. Include scooting forward and back-
ward on a wheeled stool to improve functional control
of the knee.

■ Add forward and backward step-ups/downs, progressing
to lateral. Reinforce proper lower extremity alignment.
To progress, increase the step height or perform against
elastic resistance.

■ Stationary cycling with the seat positioned as high as
possible to emphasize knee extension

■ Include strengthening exercises for the noninvolved
lower extremity
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■  Continue to increase knee ROM.
■ Low-intensity self-stretching using a prolonged stretch

or hold-relax technique to increase knee flexion 
and extension if limitation persists. Flexibility of the
hip flexors, hamstrings, and calf muscles also may 
need to be improved for standing and ambulation 
activities.

■ Stationary cycling with seat lowered to increase knee
flexion

■ Grade III inferior or superior patellar mobilization tech-
niques to increase knee flexion or extension, respectively,
if insufficient patellar mobility is restricting ROM

■  Improve standing balance and trunk stability.
■ Trunk stabilization exercises
■ Proprioceptive and balance training progressing from

bilateral to unilateral stance on stable surface, then to
balance activities on an unstable surface

■ Functional reaching activities while standing or stooping
■ Tandem walking, grapevine walking initially in parallel

bars for safety (see Chapter 23 for additional activities)

PRECAUTION: A progression of balance activities for 
patients with TKA is typically safe to begin about 8 weeks
postoperatively but must be based on the ability to control
the knee during stance, weight-bearing restrictions, and the
absence of pain.231

■  Continue to improve functional mobility.
■ Symmetrical heel-toe walking, ambulation on a variety

of surfaces and inclines, kneeling and getting up to a
standing position, and ascending and descending stairs

■ Functional exercises: backward walking, side-stepping,
marching, stepping over small objects

 FOCUS ON EVIDENCE
Following TKA or UKA, patients often report difficulty
kneeling or the inability to kneel even a year after surgery.
Although many functional activities, such as housework and
gardening, involve kneeling, patient education about this
skill is not always included in postoperative rehabilitation.
Jenkins and associates130 conducted a single-blind, prospec-
tive, randomized, controlled study to investigate the impact
of kneeling instruction following partial knee replacement.
All patients participated in postoperative rehabilitation, but
at 6 weeks after surgery, only half received a single physical
therapy intervention of advice and instruction on kneeling.
At 1 year following surgery, patient-reported kneeling ability
was significantly better in the group who received kneeling
advice and instruction than in the group that did not. As
such, the investigators suggested that kneeling advice and
instruction should be included in postoperative rehabilita-
tion after partial knee replacement. Although the findings
of this study may have implications for patients who have
undergone TKA, the investigators pointed out that the re-
sults of the study can be applied to patients following only
partial knee replacement.

■  Improve cardiopulmonary endurance.
■ Aerobic conditioning on a stationary cycle or upper

body ergometer, emphasizing increased duration

Criteria to progress. The following criteria typically must
be met to progress to the final phase of rehabilitation follow-
ing TKA:

■  AROM: full knee extension (no extensor lag), 110° knee
flexion

■  Quadriceps/hamstring and hip muscle strength: at least 70%
(or 4/5 muscle testing grade) compared to uninvolved leg

■  Minimal to no pain during exercises and ambulation with
or without a cane

Exercise: Minimum Protection/Return 
to Function Phase
Beginning at approximately 8 to 12 weeks after surgery, the
emphasis of the final phase of rehabilitation is on task-specific
strengthening exercises, proprioceptive and balance training,
advanced functional training (see Chapter 23), and continued
cardiopulmonary conditioning so that the patient develops
the strength, power, balance, and endurance needed to return
to a full level of functional activities in the community. (Refer
to Table 21.2 for a summary of goals and interventions during
the final phase of rehabilitation.)

Despite persistent strength and power deficits, altered
movement patterns, and insufficient speed and endurance
during functional activities, patients often are discharged
from supervised therapy 2 to 3 months postoperatively after
attaining functional ROM of the knee and the ability to am-
bulate independently with an assistive device. However,
deficits in physical function have been shown to persist for an
average of 10 months297 to a year or more after surgery.187

It is likely that some patients, especially those living in the
community, could benefit from an intensive exercise program
during the late phases of rehabilitation to perform demanding
physical activities more efficiently, such as ascending and de-
scending stairs and returning to selected recreational activities.

 FOCUS ON EVIDENCE
Moffet and associates189 conducted a single-blind, randomized,
controlled study to determine the effectiveness of an intensive,
supervised functional training program initiated 2 months 
after primary TKA for OA. Patients in the experimental group
(n =38) participated in facility-based, twice-weekly, 60- to 
90-minute exercise sessions consisting of hip and knee strength-
ening exercises, task-specific functional exercises, and aerobic
conditioning. Patients also received a home program to be fol-
lowed on the days they did not participate in the supervised
program. Patients in the control group (n =39) participated in
a home exercise program for 6 weeks with periodic home 
visits by a therapist. No exercise-related adverse events occurred
during the study.

Patients were evaluated by means of the 6-minute walk
test and two functional outcome and quality-of-life (QOL)
measures prior to beginning the exercise program (baseline
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measurement at 2 months after surgery), at the conclusion
of the 6-week exercise program, and at 6 and 12 months post-
operatively. The two groups were comparable at baseline. At
the conclusion of the intervention and at the 6- and 12-month
follow-ups, patients in the intensive exercise group walked sig-
nificantly longer distances (walked at a faster speed) during
the 6-minute walk test than did those in the control group.
Functional abilities and QOL were significantly better for the
intensive exercise group than the control group immediately
after the 6-week program and at 6 months postoperatively.
At 1 year after surgery there were no significant differences
in function or QOL measures between the two groups.

The investigators concluded that an intensive, functionally
oriented exercise program initiated 2 months after primary
TKA was safe and effective for improving physical function
and QOL.

With the trend toward an increasing number of young 
(< 60 years of age) and active patients undergoing TKA,126

patient education is essential to help patients understand the
detrimental effects of repetitive, high-impact activities (work
related, fitness related, and recreational) on the prosthetic im-
plants and to learn how to select activities that promote fitness
but are least likely to reduce the longevity of the prosthetic
knee.110,147,174 Accordingly, patients are advised to participate
in low-impact physical activities after TKA to reduce the risk
of component wear and mechanical loosening over time and
the premature need for revision arthroplasty.

For the patient who wishes to participate in athletic activ-
ities after TKA, there are a number of considerations. Factors
that influence participation include the level of demand (in-
tensity and load) of an athletic activity, a patient’s body
weight, overall level of fitness, and preoperative experience
with the activity and the technical quality of the knee replace-
ment and related soft tissue balancing or reconstruction.110,147

Physical activities for fitness and recreation that are highly
recommended, recommended with caution, or not recom-
mended after TKA are noted in Box 21.4.110,147,174

Outcomes 
Although the ideal knee replacement that replicates the nor-
mal biomechanics of the native knee joint has yet to be de-
veloped, knee arthroplasty has been shown to be a successful
procedure for patients with advanced joint disease. Exten-
sive research has been published on patient-related out-
comes and the survivorship associated with a wide variety
of prosthetic designs, surgical techniques, methods of fixa-
tion, and types of materials.123,124,163,258,316 Because of the
variability of procedures and the fact that outcomes are
often based on nonrandomized, retrospective studies, it has
been difficult to draw general conclusions.259 However, a re-
cent large-scale (2,352 patients), multicenter, randomized
study comparing patient-related outcomes following three
variations of total knee component designs demonstrated
no significant differences in clinical, functional, and QOL

improvements between the randomized groups at 2 years
following surgery.132

Patient-related outcomes after knee arthroplasty that
have the most influence on patient satisfaction are relief of
pain and an improved ability to perform necessary and de-
sired functional activities for an extended number of years.
Approximately 90% of patients who undergo primary TKA
can expect 10 to 20 years of satisfactory function before re-
vision arthroplasty may need to be considered.258 For exam-
ple, Dixon and colleagues60 reported a 92.6% survival rate
of modular, fixed-bearing TKA in patients followed for a
minimum of 15 years.

Parameters typically measured by means of self-report and
performance-based instruments to determine the success of
knee replacement surgery are the level of pain, overall QOL,
knee ROM, strength of the knee musculature, and a patient’s
ability to perform functional activities safely and with ease.
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BOX 21.4 Recommendations for Participation
in Physical Activities Following TKA

Highly Recommended*

■ Stationary cycling
■ Swimming, water aerobics
■ Walking
■ Golf (preferably with golf cart)
■ Ballroom or square dancing
■ Table tennis

Recommended if Participated Prior to TKA**

■ Road cycling
■ Speed/power walking
■ Low-impact aerobics
■ Cross-country skiing (machine or outdoor)
■ Table tennis
■ Doubles tennis
■ Rowing, canoeing
■ Bowling

Not Recommended***

■ Jogging, running
■ Basketball
■ Volleyball
■ Singles tennis
■ Baseball, softball
■ High-impact aerobics
■ Stair-climbing machine
■ Handball, racquetball, squash
■ Football, soccer
■ Gymnastics, tumbling
■ Water-skiing

*Low impact, low load; appropriate at a moderate or high
intensity on a regular basis for aerobic fitness.
**Moderate impact; appropriate on a recreational basis if
performed at low or moderate intensity.
***High impact, high load; peak load occurs during knee flexion.
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An understanding of evidence-based outcomes following
TKA can assist a therapist in developing realistic goals with a
patient and better determining a patient’s prognosis.

Pain relief. Almost all patients who undergo knee arthro-
plasty report a significant reduction of pain during knee mo-
tion and weight bearing, with most patients reporting good
to excellent pain relief.85,258,259,298

ROM. Improvements in knee ROM are not as predictable as
relief of pain. Stiffness often persists after the initial recovery
from surgery has occurred.85 However, it also has been reported
that ROM may continue to improve up to 12 to 24 months post-
operatively.273 Factors that influence postoperative ROM include
preoperative ROM, the underlying disease, obesity, postopera-
tive pain, and whether a primary or a revision arthroplasty was
performed. Complications such as component malpositioning,
inadequate soft tissue balancing or reconstruction, infection,
and mechanical loosening of an implant can adversely affect
postoperative ROM.220,269

Patients with restricted ROM preoperatively often con-
tinue to have limited postoperative knee flexion, extension,
or both despite an aggressive exercise program.269,273 In
fact, the most important predictor of long-term postoper-
ative knee ROM is preoperative ROM.155,257,269 For exam-
ple, in a study of 358 patients who underwent primary TKA
for OA, total ROM of the knee was 110° preoperatively and
113° postoperatively due to a reduction in the average knee
flexion contracture from 12° to 9°.257 The results of several
other studies found that despite patients’ participation in
an outpatient or home-based postoperative rehabilitation
program, there was no significant change in preoperative ver-
sus postoperative knee ROM at 6 months11,187 or at 12 months
after surgery.238

Differences in prosthetic design, such as mobile-bearing
versus fixed-bearing38,258 or PCL-retaining versus PCL-
substituting (posterior stabilized) designs,213,216,258 and in the
method of fixation215,258 do not appear to affect ROM out-
comes after primary TKA. A comparison of five designs of
posterior cruciate-substituting implants, for example, showed
no significant differences in the extent of improvement of
knee ROM among designs.257

Limited knee ROM has a substantial impact on postoper-
ative function, particularly if knee flexion is less than 90° and
knee extension is limited by more than 10° to 15°.258 With less
than 90° to 100° of knee flexion, it is difficult to negotiate
stairs, and having less than 105° makes it difficult to stand up
from a standard height chair without using arm support.258

In a retrospective study of more than 5,000 total knee arthro-
plasties, Ritter and associates246 determined that greater than
105° of knee flexion was necessary for optimal postoperative
function. Results of their study indicated that functional out-
comes were highest when at least 128° of knee flexion was
achieved following surgery but were substantially compro-
mised if < 118° was achieved. In contrast, lack of full knee ex-
tension because of contracture or an extensor lag is thought
to be a source of a patient’s perception of knee pain or instability

during ambulation activities, particularly when ascending and
descending stairs.144,258

Strength and endurance. It takes a minimum of 3 to 
6 months after surgery for a patient to regain preoperative
strength levels in the quadriceps and hamstrings of the oper-
ated knee.144,187,273 Quadriceps weakness tends to persist
longer after knee arthroplasty than does knee flexor weak-
ness.273 Furthermore, quadriceps weakness of the contralateral
(nonoperated) side is a predictor of impaired functional out-
comes at 1 and 2 years following unilateral TKA.317

Studies of patients after unilateral TKA with a conven-
tional surgical approach have demonstrated that quadriceps
strength in the operated leg correlates highly with perform-
ance on tests of functional abilities during the first 6 months
after surgery.187 For example, a study by Farquhar and asso-
ciates70 demonstrated that at 3 months post-TKA, patients
had quadriceps weakness and an altered sit-to-stand move-
ment pattern reflected by the use of increased hip flexion and
greater reliance on hip extensor strength, thus reducing the
demand on the knee extensors. Of additional interest was the
finding that at 1 year after surgery, despite improved symme-
try of quadriceps strength, the altered sit-to-stand pattern
persisted, perhaps as the result of habit.70

Quadriceps strength is also significantly less than in 
similarly aged healthy individuals 6 months to a year after sur-
gery67,85,187,298 and the noninvolved leg 1 to 2 years postoper-
atively.251,270 It has been suggested that eversion of the patella
during a conventional surgical approach may contribute 
to impaired function of the quadriceps mechanism after 
surgery.163,270

A recent systematic review of lower limb isometric
strength following TKA concluded that there were strength
deficits in the quadriceps, hamstring, and calf of the involved
leg at multiple time-points postoperatively when compared
to unimpaired control groups. Quadriceps and calf strength
deficits persisted for up to 3 years following surgery.254

Given the number of studies that have identified signifi-
cant quadriceps weakness after TKA and the high correlation
between quadriceps strength and functional performance,
there is substantial evidence to support the importance of
quadriceps-strengthening exercises in postoperative rehabil-
itation programs to optimize function after TKA.

Physical function and activity level. The greatest and most
rapid improvements in physical performance following TKA
occur during the first 12 weeks with an additional but small
amount of improvement occurring beyond 12 weeks.137 Relief
of pain appears to significantly improve a patient’s QOL and
ability to perform functional activities. However, just 1 month
after TKA, functional performance is dramatically worse than
the preoperative level of function, despite a patient’s partici-
pation in a rehabilitation program beginning the day after
surgery.11

A systematic review of the literature by Ethgen and col-
leagues69 revealed that a patient’s postoperative level of func-
tion and QOL, as measured by self-report questionnaires,
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typically begins to surpass the preoperative level at approxi-
mately 3 months, with most improvement in function occur-
ring by 6 months. However, results of some studies have
shown that additional improvements may occur for a year or
more postoperatively.273,298

Overall, when comparing preoperative with postoperative
function, patients with high preoperative scores on functional
measures achieved a higher level of function postoperatively
than patients with low preoperative functional scores.79

A survey of 176 patients (mean age, 70.5 years) by Weiss
and colleagues301 1 year or more after TKA identified patients’
level of participation in activities of graduated difficulty and
determined which activities were most important to patients.
The survey also identified activities that were difficult after
TKA. The results of the survey indicated that in addition to
basic ADLs—walking, stair-climbing, and personal care—
patients performed a wide range of therapeutic and recre-
ational activities after TKA. The activities in which the highest
percentage of patients participated were stretching exercises
(73%), leg-strengthening exercises (70%), gardening (57%),
and stationary cycling (51%). These same activities were rated
as important by patients. Functions that were the most diffi-
cult and most often caused knee pain were squatting (75%)
and kneeling (70%).

Bradbury and colleagues30 studied the pre- and postoper-
ative sports participation of 160 patients who had undergone
TKA 5 years earlier. Preoperatively, there were no significant
differences in knee ROM, walking abilities, and radiographs
in the patients who did and did not participate in sports ac-
tivities. Postoperatively, the investigators found that 51 (65%)
of the 79 patients (mean age 73 years at the 5-year follow-up)
who had regularly (at least twice a week) participated in
sports activities during the year prior to surgery were partic-
ipating in some type of sport at the 5-year follow-up. Patients
were more likely to return to low-impact rather than high-
impact activities. Of the patients who did not regularly par-
ticipate in a sport before surgery, none took up a sport
postoperatively.

Despite an overall positive impact of TKA on physical
function, long-term studies indicate that functional abilities
typically remain below norms for age-matched, healthy pop-
ulations.11,67,79, A follow-up study of 276 community-
dwelling patients 6 months after primary TKA revealed that
overall physical function improved significantly for all pa-
tients, although 60% reported moderate to extreme difficulty
descending stairs and 64% continued to have a similar degree
of difficulty with heavy household tasks.133

Results of another study indicated that 1 year after TKA,
despite a relative absence of pain and some improvement in
functional abilities, significant deficits in strength and func-
tion were apparent when compared with the abilities of age-
matched, healthy individuals.298 The post-TKA patients had
less strength of the knee musculature, slower walking and
stair-climbing speeds, and a higher perceived level of exertion
during activities than healthy individuals. The authors
pointed out that the post-TKA patients as a group were heavier

than the control group and suggested that general physical
deconditioning may have contributed to the postoperative
group’s functional limitations. This study emphasized the need
for inclusion of a low-impact aerobic conditioning program
during rehabilitation after TKA.

Patellofemoral Dysfunction:
Nonoperative Management

Related Patellofemoral Pathologies
and Etiology of Symptoms
Patellofemoral pain syndrome (PFPS) is a clinical diagnosis
that encompasses multiple features, most commonly involving
a general description of anterior knee pain, provoked by phys-
ical activities such as running and by increased PF joint com-
pressive forces during activities such as squatting, sitting with
flexed knees, and ascending and descending stairs.46,151,313 The
cause of anterior knee pain may be direct trauma; overuse;
faulty patellar tracking; joint degeneration; soft tissue length
and strength imbalances in the hip, knee, or ankle/foot; or a
combination of factors.33,56,151,172,233,234,236,251,282,299,298 For ef-
fective treatment, an attempt should be made to determine the
causative factors based on the patient’s history and a compre-
hensive examination. To encompass this variety of potential
causes, several classification systems have been proposed and
are summarized in this section.120,307 In addition, consensus
papers from several research retreats46,54,235 have organized the
condition into three primary categories—local, distal, and
proximal—in order to identify etiologic factors. Because in-
terventions should be directed to the underlying problem, it
is helpful to look at the various diagnoses within the context
of these three categories. 

Local Factors
Local factors include structures around the knee joint itself,
such as the infrapatellar fat pad, ligaments, quadriceps ten-
don, retinaculum, and subchondral bone. Symptoms may be
provoked by faulty mechanics or activities that directly influ-
ence local factors such as those identified in the following 
diagnoses.

PF Instability
Instability includes subluxation or dislocation related to a sin-
gle episode or recurrent episodes. Instability may be related
to an abnormal Q-angle, dysplastic trochlea (shallow groove
or flat lateral femoral condyle), patella alta, tight lateral reti-
naculum, or inadequate medial stabilizers (vastus medialis
oblique muscle and medial patellofemoral ligament). Patellar
instability is most often in a lateral direction. Dislocation may
derive from direct trauma to the patella or from a forceful
quadriceps contraction while the foot is planted and the
femur is externally rotating while the knee is flexed. Recurrent
dislocation is usually an indication for surgery to reorient the
stabilizing forces across the PF joint.
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PF Pain With Malalignment or Biomechanical
Dysfunction 
Patella alta or baja and lateral patellar tilt are specific align-
ment alterations possible at the patellofemoral joint. Impair-
ments that may contribute to biomechanical dysfunction
include a tight lateral retinaculum, weak vastus medialis
obliquus (VMO) muscle, neuromuscular deficits in the hip
musculature, and generalized joint hypermobility. These im-
pairments usually result in clinical evidence of abnormal
patellar tracking, and there may be discordant firing of the
quadriceps muscle.120

 FOCUS ON EVIDENCE
Although it is widely reported that PF malalignment is seen
in patients with PFPS and may be associated with symptoms,
the evidence to support the existence of abnormal alignment
in PFPS is lacking. Specifically, because there is little evidence
to support the validity and reliability of various testing proce-
dures currently used to measure patellar position and tracking,
only assumptions can be made as to the relationship between
malalignment and PFPS.311

PF Pain Without Malalignment 
Patellofemoral pain without malalignment includes many
subcategories of lesions that cause anterior knee pain.

Soft tissue lesions. Soft tissue lesions include plica syndrome,
fat pad syndrome, tendonitis, IT band friction syndrome, and
bursitis.

■  Plica syndrome describes a condition where embryological
synovial tissue remnants or bands around the patella cause
joint irritation during motion. With chronic irritation, the
tissue remnant becomes an inelastic, fibrotic band that is ten-
der during palpation. When symptoms are acute, the tissue
is painful during palpation. Bands may be palpable medial
to the patella, although there are variations in location.24,136

■  Fat pad syndrome involves irritation of the infrapatellar fat
pad from trauma or overuse.

■  Tendonitis of the patellar or quadriceps tendons, sometimes
called jumper’s knee, typically occurs from overuse as the
result of repetitive explosive jumping activities. Tenderness
occurs at the attachment of the tendons on the patella.
Symptoms may be related to or exacerbated by quadriceps
tightness.299

■  IT band friction syndrome is irritation of the IT band as it
passes over the lateral femoral condyle during activities. Ir-
ritation may be the result of tight tensor fasciae latae or
gluteus maximus muscles (see discussion in Chapter 20).
Because the IT band attaches to the patella and lateral reti-
naculum, anterior knee pain may also be noted with IT
band friction syndrome.

■  Prepatellar bursitis, also known as housemaid’s knee, can 
result from prolonged kneeling or recurrent minor trauma
to the anterior knee. When inflamed, there may be restricted

motion due to swelling and direct pressure or pressure from
the patellar tendon will be painful.

Tight medial and lateral retinacula or patellar pressure
syndrome. There is increased contact force between the
patella and distal femur in the trochlear groove.

Osteochondritis dissecans of the patella or femoral
trochlea. Osteochondral lesions result in pain on the poste-
rior patellar surface that increases during squatting, stooping,
ambulating, and descending steps. There may be loose bodies
within the joint that cause the knee to give way or lock.

Traumatic patellar chondromalacia. Chondromalacia is
softening and fissuring of the cartilaginous posterior patellar
surface, diagnosed with arthroscopy or arthrography.120 It
may eventually predispose the joint to degenerative arthritis
or basal degeneration of the middle and deep zones of the
cartilage.96 Causes include trauma, surgery, prolonged or re-
peated stress, or lack of normal stress such as during periods
of immobilization.214

PF OA. OA may be idiopathic or posttraumatic and is diag-
nosed by radiographic changes consistent with degeneration.

Apophysitis. Osgood-Schlatter disease (traction apophysitis
of the tibial tuberosity) and Sinding-Larsen Johansson syn-
drome (traction apophysitis on the inferior pole of the
patella) occur during adolescence as a result of overuse during
rapid growth. They are self-limiting conditions.

Symptomatic bipartite patella. Most bipartite patellae
(split due to patellar ossification variants) are asymptomatic,
but trauma may disrupt the chondro-osseous junction, lead-
ing to symptoms.120

Trauma. Trauma includes tendon rupture, patella fracture,
contusion, and articular cartilage damage that results in in-
flammation, swelling, limited motion, and pain when con-
tracting the quadriceps, such as during stair climbing,
squatting, and resisted knee extension.

Proximal Factors
Factors arising from the hip and pelvis region include in-
creased hip adduction and internal rotation during specific
tasks such as running and single-limb activities of squatting,
jumping, and drop landing. These hip kinematic alterations may
be associated with hip abductor, extensor, and eternal rotator
muscle weakness.

 FOCUS ON EVIDENCE
The summary statement of the 3rd International Patellofemoral
Pain Research Retreat313 summarized studies that show evidence
of greater hip adduction in women who develop PFP and con-
flicting results regarding contralateral pelvic drop. Studies also
identified reduced hip extension moments during running,
weaker isometric hip extension, and delayed activation in gluteus
medius in those with PFP.
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Distal Factors
Factors arising from the foot include an externally rotated foot
during relaxed stance, rearfoot eversion at heel strike, delayed
or prolonged rearfoot eversion during walking and running,
and increased midfoot mobility.54 The extent to how these 
factors are related to the development of PF joint symptoms
remains unclear.313

 FOCUS ON EVIDENCE
A systematic review of 7 prospective studies151 identified the
female gender and low peak torque in the quadriceps muscles
as risk factors for developing PFPS. There was contradictory
evidence for onset timing of VMO before VL and lack of 
evidence supporting the magnitude of the Q-angle as risk 
factors. Because of limitations in the studies reviewed, no 
additional risk factors were identified.

Common Impairments
Impairments of Structure and Function. Impairments
that may be associated with PF dysfunction include the 
following:33,56,136,151,172,230,233-236,251,296,299,313 

■  Pain in the retropatellar region
■  Pain along the patellar tendon or at the subpatellar fat pads 
■  Patellar crepitus; swelling or locking of the knee
■  Altered lower extremity alignment (Fig. 21.9), specifically in-

creased hip adduction and internal rotation and dynamic
knee valgus that occurs during weight-bearing activities, such
as ascending and descending stairs, squatting, or landing after
a jump125,177,233,234,236,247,278

■  Weakness of the hip abductor, external rotator, and/or 
extensor muscles25,125,177,230,233,234,247,278

■  Weakness, and atrophy in the quadriceps muscles93,94,151

■  Decreased flexibility of the tensor fasciae latae, hamstrings,
quadriceps, or gastrocnemius and soleus muscles230,233,237

■  Overstretched medial retinaculum
■  Restricted lateral retinaculum, IT band, or fascial structures

around the patella
■  Decreased medial gliding or medial tipping of the patella
■  Pronated foot

 FOCUS ON EVIDENCE
There are a substantial number of studies that have reported
altered lower extremity kinematics and/or hip musculature
strength and activation deficits in individuals with PF pain ver-
sus those without.25,125,177,230,233-236,247,278 Overall, the findings
of most of these studies have revealed greater hip adduction
and/or internal rotation during weight-bearing activities that
involve knee flexion, such as squatting, ascending or descend-
ing stairs, or landing from a jump, in individuals with PF pain.
Decreased strength of hip extensors, external rotators, and/or

abductors, typically measured during a maximum voluntary
isometric contraction, has also been identified in those with
PF pain.

McKenzie and colleagues177 reported diminished strength
of hip extensors, abductors, and external rotators, as well as
excessive hip adduction and internal rotation during stair 
descent and ascent in subjects with PFPS. Souza and col-
leagues278 reported that females with PFPS had significantly
decreased strength of the hip extensors and abductors with
increased hip internal rotation during step-down movements,
a drop-jump, and running, but no increase in hip adduction.
In contrast, Bolgla and colleagues25 identified weakness of the
hip abductors and external rotators but no evidence of ab-
normal hip kinematics during stair descent in females with
PFPS. The inconsistent findings may be attributed to a num-
ber of factors including differences in weight-bearing tasks
and measurement techniques.

Although these studies suggest that an interdependence exists
between the knee and more proximal regions of the body,
specifically the hip, pelvis, and trunk, it is also important to rec-
ognize that the retrospective nature of these studies demonstrate
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FIGURE 21.9 Excessive hip adduction and internal rotation with 
valgus collapse at the knee during descent from a step.
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associations—not cause-and-effect relationships—among
altered hip mechanics, deficits in hip muscle performance, and
signs and symptoms of PF dysfunction.113,233,236

Activity limitations and participation restrictions. Lim-
itations and restrictions associated with the impairments 
include the following:

■  Limited performance of basic ADLs as the result of pain or
poor knee control (valgus collapse)

■  Pain-related limitations of functional activities that are
necessary to carry out ADLs and IADLs; work; and com-
munity, recreational, or sport activities, such as getting in
or out of a chair or car, ascending and descending stairs,
walking, jumping, or running.

■  Inability to maintain prolonged flexed knee postures, such
as sitting or squatting, as the result of pain and stiffness in
the knee

Patellofemoral Symptoms:
Management—Protection Phase
When symptoms are acute, treat them as any acute joint
problem—with modalities, rest, gentle motion, and muscle-
setting exercises in pain-free positions. Quadriceps inhibition
is common with pain and joint effusion,286 making it imper-
ative to minimize these impairments in this management
phase. Supporting the patella with a brace or tape may un-
load the joint and relieve the irritating stress. Foot orthoses
may relieve pain and stress in patients with identified foot
impairments.235

Patellofemoral Symptoms:
Management—Controlled Motion 
and Return to Function Phases
When signs of acute pain and inflammation are no longer
present, management is directed toward correcting or modi-
fying the biomechanical or alignment factors that may be
contributing to the impairment. Because no one factor or
combination of factors has been identified as the direct cause
or effect of PF pain symptoms, it is imperative to develop in-
terventions that address the scope of impairments identified
during the examination.234 It is also important to integrate
the concept of regional interdependence in the application of
exercise interventions by addressing the local, distal, and prox-
imal factors that may place excessive stress through the PF
joint.113,233

Management during the controlled motion and return to
function phases of rehabilitation typically emphasizes increas-
ing strength, dynamic control, and pain-free mobility of the
knee and hip, and foot; modifying abnormal movement
strategies that may contribute to impairments; improving sta-
bility of the lower extremity, pelvis and trunk; and on improv-
ing balance, and functional abilities.

Patient Education
Instructions. Because end-range stress and prolonged pos-
tures tend to exacerbate symptoms, instruct the patient to
avoid positions and activities that provoke the symptoms.

■  Minimize or avoid stair climbing and descending until the
hip and knee muscles are strengthened to a level at which
they can control knee function without symptoms.

■  Avoid sitting with the knees flexed for prolonged periods
because increased knee flexion magnifies PF joint compres-
sive forces. Periodically perform ROM of the knee while
sitting to relieve stasis.

Home exercise program. Implement a home exercise pro-
gram to reinforce the supervised training. Prior to discharge,
provide instructions for a safe progression of exercises and
functional activities.

Increase Flexibility of Restricting Tissues
Identify all structures that may contribute to faulty mechanics
and establish a stretching program to increase mobility. The
gastrocnemius, soleus, quadriceps, hamstring, and tensor fas-
ciae latae (TFL) muscles have been identified as specific muscles
with reduced flexibility in some individuals with patellofemoral
dysfunction.230,233,296 Self-stretching techniques are described
in the exercise section of this chapter. Techniques to stretch the
two-joint muscles that cross the hip and knee are described 
in Chapter 20, and those that cross the knee and ankle are 
described in Chapter 22.

Because restrictions related to insertion of the IT band and
the lateral retinaculum may contribute to decreased patellar
mobility and faulty patellar tracking in some patients with
PFPS, specific techniques to address these impairments are
described in this section.

Patellar mobilization: medial glide. Position the patient
side-lying. Stabilize the femoral condyles with one hand under
the femur, and glide the patella medially with the base of the
other hand (Fig. 21.10).99 There is usually greater mobility
with the knee near extension; progress by positioning the knee
in greater flexion prior to performing the medial glide.
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Medial tipping of the patella. Position the patient supine.
Place the thenar eminence at the base of the hand over the
medial aspect of the patella. Apply a posterior force to tip the
patella medially. While the patella is held in this position,
apply friction massage with the other hand along the lateral
border (Fig. 21.11). Teach the patient to self-stretch in this
manner.

Patellar taping. Although taping to realign the patella and
provide a prolonged stretch may have merit,99,172 the primary
benefit of taping appears to be reduced anterior knee pain dur-
ing provoking activities after being taped.23,49 The mechanism
behind pain relief from tape is not known but may be due to
patellar realignment or improved neuromuscular function. 

 FOCUS ON EVIDENCE
A multicenter, single-blind study demonstrated little to no
change in patellar alignment from the application of three
different patellar taping techniques. Decreased symptoms oc-
curred in 71 subjects with PFPS, regardless of the direction
in which the tape was applied.310 The investigators suggested
that taping may alter proprioceptive input and increase tol-
erance to functional training and recommended its use while
focusing treatment on proximal muscle weakness.

Improve Muscle Performance 
and Neuromuscular Control
Because many possible diagnoses fall under the category of
PFPS, various influences may precipitate or perpetuate the
symptoms. Importantly, not all patients with PF symptoms
benefit from the same exercises, making it imperative that the
therapist design a progression of exercises that addresses each
patient’s specific impairments. In addition, it is now well ac-
cepted that exercise programs for patients with PFPS should
target proximal regions, specifically the hip extensors and ab-
ductors in order to affect alignment and control of the
knee.84,168,200,296 Impaired strength, endurance, and neuromo-
tor control of the knee and hip musculature, as well as impaired
stability of the trunk and pelvis, must be addressed.233-236

In addition to the knee exercises described later in this chap-
ter, exercises to improve muscle performance and functional

control in regions proximal and distal to the knee are described
in Chapters 16, 20, and 22, respectively. Advanced functional
exercises for the lower extremity are described in Chapter 23.

Nonweight-Bearing (Open-Chain) Exercises
There is controversy regarding compressive forces and stress
on the PF joint with open-chain exercises.67,98 The type of 
resistance (constant, variable, or isokinetic) places different
demands on the quadriceps muscle in terms of the required
effort through the ROM. The resultant force from the
quadriceps and patellar tendon vary through the ROM, as
does the patellar contact area, which subsequently varies
the pressure and stress on the PF articulating surfaces. With
little or no contact of the patella with the trochlear groove
from 0° to 15° of flexion,67 pain felt in that range could 
derive from irritation of the patellar fat pads or synovial
tissue. Greatest patellar stress is at 60° and compression
loads at 75°, so when maximum torque from the resistance
force is applied in these ranges, pain may be provoked.67

The location of the joint pathology also affects where in the
range the pain is noted.98 It is recommended to identify
where in the ROM pain is felt and avoid resistance loads in
that range.

Quadriceps setting (quad sets) in pain-free positions. Have
the patient set the quads with the knee in various positions. 
Because the location of irritation in the ROM varies among 
patients with PF dysfunction, identify pain-free positions to 
ensure nondestructive loading.67,98

Quad sets with straight-leg raise. Have the patient perform
SLR exercises in supine or long-sitting positions to target
quadriceps control. 

Progression of resisted isometrics. Initiate multiple-angle
isometrics against resistance to knee extension in pain-free
positions as tolerated by the patient. 

Short-arc terminal extension. Begin with the patient
supine and knee flexed around 20° (see Fig. 21.23). If tolerated
and the motion is not painful, apply light resistance at the
ankle. Strengthening in terminal extension trains the muscle
to function where it is least efficient because of its shortened
position and where there is minimal joint compression be-
cause the patella is superior to the femoral groove. End-range
knee extension is needed for activities such as lifting the leg
into bed or a car.

PRECAUTION: If there is irritation of the suprapatellar pouch
or bursa, terminal knee extension may be painful and should be
avoided until the pain subsides.

Weight-Bearing (Closed-Chain) Exercises
A progression of closed-chain/axial-loading exercises, typi-
cally performed in weight-bearing positions, should be a
major component of an exercise program for PFPS to reduce
PF symptoms; increase muscle performance and dynamic
control of knee, hip, and trunk; and to improve neuromus-
cular control/response time and balance.12,26,115,168,200,296

When excessive knee valgus occurs during weight-bearing 
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FIGURE 21.11 Medial tipping of the patella with friction massage
along the lateral border.
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activities involving dynamic knee flexion (e.g., squats, lunges,
stair ascent or descent, or landing from a jump), it may indi-
cate hip abductor, extensor, and/or external rotator weakness.
Strengthening these muscle groups in weight-bearing posi-
tions and practicing movement strategies in proper alignment
should be a priority.115,168,233,234,296

PRECAUTION: Because there are higher patellar compres-
sive loads when the knee is flexed beyond 60° during weight
bearing, exercises and activities with the knee flexed beyond
this angle may provoke symptoms. Use caution when the pa-
tient is ready to progress beyond 60°. Have the patient care-
fully monitor symptoms and stop the exercise if symptoms
develop.

■  If full weight bearing is painful, begin with partial weight-
bearing exercises. Progress exercises in standing as tolerated.

■  To improve strength and muscular endurance, have the pa-
tient perform multiple repetitions of appropriate exercises
until PF symptoms or loss of control just begins to occur. Do
not push beyond that point in order to avoid faulty mechan-
ics or loss of control.

■  Initiate terminal knee extension against light resistance in
standing for end-range knee control (see Fig. 21.26).

■  Introduce bilateral minisquats and progress to unilateral
early in the exercise program when weight bearing and par-
tial squatting are tolerated and do not provoke symptoms
(see Fig. 21.27). Be sure that the knees remain aligned over
the toes during squatting.

■  Progress dynamic exercises by adding double-leg, then single-
leg standing wall slides, short-step, then long-step lunges,
and forward, backward, and lateral step-ups and step-downs
to the exercise program. Add elastic resistance for further
challenge.

■  Select resistance equipment for progressive strengthening
and muscular endurance training that incorporates weight
bearing, such as the seated leg press, the Total Gym® unit,
and the stepping machine.

■  Combine balance and agility training with strengthening
exercises in weight-bearing positions.

■  Include plyometric training for individuals wishing to re-
turn to high-demand activities if symptoms do not recur
(see Chapter 23).

Functional Activities
Practice simulated functional activities and activity-specific
drills without provoking symptoms to prepare the patient to 
return to the desired activities (see Chapter 23). If abnormal
lower extremity alignment occurs during weight-bearing activ-
ities despite improvements in muscle strength and endurance,
integrate movement reeducation into activity-specific drills to
reinforce proper movement strategies.

Modify Biomechanical Stresses
Assess lower extremity mechanics, and modify any faulty
alignment. If the patient exhibits excessive foot pronation, a
medial wedge foot orthosis may reduce the stresses at the knee
and decrease PF pain.65,102

Outcomes 
Several systematic reviews of the literature focusing on quality
randomized, controlled studies for PFPS have revealed that
interventions most effective for reducing pain and improving
function were quadriceps strengthening, acupuncture, and
combinations of interventions that include quadriceps
strengthening with patellar taping and use of biofeed-
back.14,23,49 The effectiveness of a patellar brace was neither
refuted nor supported, nor was the use of manual therapy
techniques, such as stretching and manipulation. One system-
atic review looking specifically at the effect of exercise for
PFPS concluded that exercise therapy is important to relieve
pain and improve measures of patient reported activity lim-
itations and participation restrictions.46

No particular exercise approach has been found to be 
superior to another for reducing symptoms and improving
function. A recent systematic review of studies that utilized
therapist-guided quadriceps muscle–strengthening exercises
provided strong evidence that there was no difference in 
effectiveness based on the type of exercises used.145

There is a substantial body of evidence indicating that de-
creased strength and flexibility of regions proximal to the
knee are associated with PFPS, and randomized controlled
studies are now documenting the effectiveness of treatment
programs that target the hip, pelvis, and trunk. A systematic
review and meta-analysis of studies on the effectiveness of ex-
ercise programs that emphasize proximal musculature con-
cluded that there is strong evidence supporting proximal
rehabilitation, with or without quadriceps rehabilitation, uti-
lizing both open- and closed-kinetic-chain exercises for pain
reduction and improved function in subjects with PFPS.149

Fukuda84 conducted a randomized, controlled study of 70
sedentary females with anterior knee pain: 22 received knee
exercises that emphasized stretching and strengthening the
knee musculature, 23 received the same program with the ad-
dition of hip strengthening and stretching, and 25 served as
controls. After intervention (3 times a week for 4 weeks) both
exercise groups showed significant improvement in function
and reduced pain compared to the controls. The group that
performed the combined hip and knee exercise program
showed greater improvement than the knee exercise group 
in all measures, although only pain reduction during stair 
descent reached statistical significance. Using only hip-
strengthening exercises for 8 weeks,139 Khayambashi et al doc-
umented improved pain and health status in females compared
to those not receiving exercises; the improvement was main-
tained at a 6-month follow-up for those in the exercise group.

Dolak et al61 conducted a randomized controlled study of
33 females with PFPS who either received hip strengthening
or quadriceps strengthening for 4 weeks; both groups then
received the same functional weight-bearing exercises for an
additional 4 weeks. After the initial 4 weeks, those in the hip
strengthening group had significant decrease in pain com-
pared with the quad strengthening group. By emphasizing hip
strength and not stressing the patella with quadriceps exer-
cises during the initial 4 weeks, the authors suggest the PF
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pain was allowed time to heal while preparing the hip for the
functional exercise phase of the program. Both groups im-
proved function (measured by the lateral step-down test) and
decreased pain by 8 weeks.61

Baldon et al12 measured multiple parameters, including pain,
function, kinematics, trunk endurance, and eccentric hip and
knee muscle strength, in a randomized study of 31 recreational
female athletes. The experimental group received exercises that
emphasized hip muscle strengthening, limb and trunk move-
ment control, and functional stabilization training; the control
group received stretching and traditional exercises emphasizing
quadriceps strengthening. Measurements were collected after 
8 weeks of interventions with a follow up at 3 months. Both
groups had decreased pain at 8 weeks; those in the experimental
group demonstrated greater improvement and function, includ-
ing improved trunk and extremity alignment during a single-
leg squat at 8 weeks and less pain at 3 months.12

Patellar Instability: Surgical
and Postoperative
Management

Following conservative management of a primary (first-time)
patellar dislocation, the of dislocation recurrence rate is 
between 15% to 44% and as high as 50% after subsequent
episodes.47 When nonoperative interventions fail to control
instability and related symptoms such as recurrent dislocation
or chronic subluxation, pain, crepitus, or PF joint degenera-
tion, surgery is usually indicated.

Surgical interventions can be used to alter patellar align-
ment, correct tension imbalances of the static stabilizers (see
Fig. 21.4), modify the Q-angle (see Fig. 21.3 for depiction of
Q-angle measurement), improve patellar tracking, and débride
or repair PF joint articular surfaces. The correct surgical pro-
cedure is selected following a thorough physical examination
coupled with radiographic and arthroscopic evaluations to 
determine the etiology of symptoms and identify the factors
contributing to patellar instability.

Overview of Surgical Options
Surgical options for lateral patellar instability are noted in 
Box 21.5.40,45,47,85,86,88,89,119,183,184,199,221,232,241 Numerous vari-
ations of operative procedures fall under each of these options.
Procedures may be arthroscopic, open, or a combination of
these approaches. 

When soft tissue factors contribute to lateral patellar insta-
bility, a proximal realignment procedure, such as MPFL repair
or reconstruction or VMO imbrication, is often selected. When
an osseous factor is the underlying cause, a distal realignment
procedure that involves a tibial tubercle osteotomy with patellar
tendon transfer is performed. Repair of chondral lesions asso-
ciated with acute or recurrent patellar dislocation or trauma
may also be necessary.184 In contrast, TKA or patellectomy 

(a salvage procedure) is performed only for end-stage PF
arthritis and collapse of the joint space.86,184,221

The two broad categories of surgery for patellofemoral 
instability—proximal and distal realignment of the extensor
mechanism—may be performed with or without a lateral
retinacular release (LRR). As an independent procedure, LRR
can alleviate or reduce patellofemoral pain if the cause of the
pain is compression of lateral knee structures (lateral com-
pression syndrome) related to excessive lateral tilt of the
patella, but it is not recommended for management of lateral
patellar instability.47,78,86,184,232

 FOCUS ON EVIDENCE
Several current literature reviews45,47,241 report that the use of
LRR in isolation for recurrent or acute lateral patellar insta-
bility yields poor long-term outcomes (high recurrence rates
for dislocation). According to another review,86 LRR failed to
realign the patella more medially. All reviews concluded that
LRR in isolation is not effective for treatment of lateral patel-
lar instability.
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BOX 21.5 Surgical Options for Management
of Lateral Patellar Instability and
Associated Structural Impairments

Soft Tissue and Osseous Procedures for Patellar
Instability
■ Medial patellofemoral ligament repair or reconstruction

with autograft or allograft
■ Medial retinacular imbrication (advancement)
■ Lateral retinacular release, including release of the lateral

patellofemoral and patellotibial ligaments
■ Imbrication and medialization of the VMO
■ Distal realignment of the extensor mechanism

(anteromedialization of the tibial tubercle and insertion of
the patellar tendon)

■ Trochleoplasty (to improve the size/shape of the trochlear
groove) for trochlear dysplasia

Articular Cartilage Procedures
■ Arthroscopic débridement
■ Repair of patellofemoral articular cartilage lesions

(microfracture, osteochondral autograft
transfer/mosaicplasty, autologous chondrocyte
implantation)

■ Abrasion arthroplasty/chondroplasty of the posterior
surface of the patella (used less frequently with the advent
of surgeries to repair articular cartilage)

Procedures for End-Stage Patellofemoral Arthritis
■ TKA or replacement arthroplasty of the posterior surface of

the patella
■ Patellectomy (salvage procedure)
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Operative procedures other than proximal or distal realign-
ment are also used for recurrent patellar instability. Trochleo-
plasty, which involves deepening of the trochlear sulcus, may
be indicated if trochlear dysplasia is contributing to patellar
instability.47 When excessive rotational deformity of the lower
extremity is the underlying cause of severe patellar malalign-
ment and recurrent instability, a supratubercle, derotational,
high tibial osteotomy may be indicated as an alternative to
proximal or distal realignment procedures.224

Following proximal or distal extensor mechanism realign-
ment, a number of factors influence the rate of progression
of rehabilitation. Factors include the type of surgical proce-
dure performed; the patient’s age, general health, and severity
of patellofemoral symptoms prior to surgery; the presence of
other pathologies; the desired functional outcomes; and the
patient’s adherence to the prescribed home exercise program
and motivation to return to functional activities.

Proximal Extensor Mechanism
Realignment: Medial Patellofemoral
Ligament Repair or Reconstruction
and Related Procedures
Repair, realignment, or reconstruction of the static and dy-
namic medial patellar support structures are surgical op-
tions for the patient with recurrent lateral patellar instability
causing pain and compromised function.4,40,47,201 MPFL re-
pair or reconstruction, with or without LRR, is the primary
surgical option when conservative management is unsuc-
cessful. MPFL repair or reconstruction may also be indicated
following an acute, first-time lateral patellar dislocation as
the result of trauma. Other proximal realignment proce-
dures include VMO imbrication (advancement) and medial
retinacular reefing/tightening. These soft tissue procedures
are appropriate for the skeletally immature patient with
patellar instability and may be used in conjunction with a
distal realignment involving an osteotomy in the skeletally
mature patient.86,119

Indications for Surgery
Although opinions vary among surgeons, the following are
cited as indications for MPFL repair or reconstruction and
other proximal realignment procedures with or without
LRR.4,40,47,86,88,119,199,201,221,232

■  Deficiency (acute tear, chronic laxity) of the medial patellar
support structures, in particular the MPFL, leading to
patellar malalignment and recurrent instability 

■  Excessive (or abnormal) lateral patellar tracking and VMO
insufficiency

■  Painful, lateral compressive forces at the PF joint and per-
sistent lateral patellar tilt despite a previous LRR

■  The skeletally immature patient with patellar instability for
the purpose of realignment.119

CONTRAINDICATIONS: Proximal realignment procedures
are not appropriate for patients with medial patella articular 

degeneration, patella alta, or trochlear dysplasia because sur-
gery may exacerbate or have no impact on symptoms.86,119

Procedures

Background and Operative Overview
Proximal realignment procedures combine an open surgical
approach through a medial parapatellar incision with an
arthroscopic examination of the knee; LRR; débridement of
any loose osteochondral fragments or partial-thickness lesions;
and, if necessary, microfracture for full-thickness chondral 
lesions.184

MPFL repair or tightening. An acute lateral patellar dislo-
cation usually results in disruption of the MPFL and is man-
aged with a direct repair.40,119 Repair is also an option if the
ligament is lax as the result of recurrent dislocations. To expose
the MPFL, the medial retinaculum must be opened. Depend-
ing on the location of the tear(s), the ligament is reattached to
the femoral condyle, the patella, or both bony surfaces using
suture anchors. If the midsubstance of the ligament is dis-
rupted, fragments are repaired with nonabsorbable locking 
sutures in a pants-over-vest fashion.

MPFL reconstruction. This procedure is used if the MPFL
is incompetent as the result of recurrent lateral dislocation
or subluxation or if a previous repair or reefing of the lig-
ament has failed. Reconstruction involves reinforcement of
the MPFL with an autogenous hamstring, TFL, or quadri-
ceps tendon graft or allograft.4,62,201 Depending on the type
of reconstruction and graft selected, the patellar and
femoral ends of the graft are secured in drill holes with su-
tures, suture anchors, or screw fixation. Some procedures
do not use drill holes which eliminates the risk of patellar
fracture.

VMO imbrication (advancement). This procedure improves
the resting length-tension relationship of the VMO by moving
the muscle to a more central and distal location.86,199,221,232

Lateral retinacular release and other concomitant proce-
dures. If a lateral patellar tilt is identified, LRR is indicated
to reduce the tilt and restore patellar alignment in the
trochlea.45,86,232,241 LRR is performed arthroscopically through
several lateral parapatellar portals by “releasing” the lateral
structures supporting the patellofemoral joint. Specifically,
the superficial and deep portions of the lateral retinaculum
and the lateral patellofemoral and patellotibial ligaments are
released with an incision that extends from the superior lat-
eral pole of the patella to just lateral and inferior to the patel-
lar tendon.184 The location of the incision is such that the
superior lateral and inferior lateral geniculate arteries are cut
and must be cauterized immediately and tied. The release
leaves the tendinous portion of the VL muscle intact so as not
to compromise quadriceps function. Electrocautery199 and,
most recently, radiofrequency ablation89 are alternatives to
surgically incising the retinaculum. The advantages of these
methods for releasing the lateral structures are less bleeding
and subsequent hemarthrosis.
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In addition to repair or reconstruction of the MPFL, the
medial patellotibial and medial patellomeniscal ligaments
may be tightened or repaired.86,88 A bony distal realignment
procedure may also be combined with a medial soft tissue 
repair or reconstruction.86,88,199

Complications
Postoperative complications that can occur with any of the
patellofemoral surgeries include a superficial infection, an
intra-articular infection, or a DVT. Patellar adhesions and
arthrofibrosis can compromise postoperative ROM. In rare
instances, complex regional pain syndrome can develop (see
Chapter 13).48 

Complications following proximal realignment. Several
complications can increase medial articular surface loading and
exacerbate pain, including “overtensioning” the native MPFL
or graft tissue during repair or reconstruction, overtightening
other medial soft tissues, inaccurate graft placement, and/or ex-
cessive imbrication of the VMO.4,40,47 Significant scarring or
overtightening of medial tissues may also cause increased patel-
lar rotation and excessive medial tracking leading to retropatel-
lar erosion and/or increased risk of medial instability of the
patella.40,86 In contrast, inadequate medial tightening or VMO
realignment may result in no change in patellar position and

tracking, or in the patient’s symptoms. Although the risk of
patellar fracture is low, it is a complication that can occur dur-
ing MPFL reconstruction procedures that require patellar drill
holes for graft placement and fixation.47

Entrapment, irritation, or a neuroma of the saphenous
nerve as it passes the adductor tubercle and splits at the pes
anserine tendon can also occur with any procedure involving
structures on the medial side of the knee.86

Complications following LRR. Because of the location of the
geniculate artery, hemarthrosis can occur if it is not adequately
cauterized during surgery. Thermal injury to overlying skin can
occur with radiofrequency ablation or electrocautery.89 An-
other complication, postoperative medial patellar subluxation,
can develop if the lateral release extends too far proximally and
causes weakness of the VL muscle. In rare instances, rupture of
the quadriceps tendon occurs following VMO advancement.

Postoperative Management
Postoperative rehabilitation after MPFL repair or reconstruc-
tion or other proximal realignment procedures follows a
course summarized in Table 21.3.4,40,88,164,201 The patient is
progressed through each phase of rehabilitation based on signs
and symptoms and the attainment of phase-specific goals.209
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TABLE 21.3 MPFL Repair or Reconstruction: Intervention for Each Phase of Postoperative Rehabilitation

Phase and General Maximum Protection Moderate Protection Minimum Protection Phase: 
Time Frame Phase: Weeks 1–4 Phase: Weeks 4–8 Weeks 8–12 and Beyond

Patient presentation

Key examination procedures

■ Rehab begins within
1–2 days after surgery

■ Postoperative pain
■ ROM limited
■ Weight bearing as

tolerated in locked
extension orthosis

■ Pain (0–10 scale)
■ Monitor for

hemarthrosis
■ ROM
■ Muscle control—

ability to perform
quad set

■ MMT: hip muscle
strength

■ Soft tissue palpation

■ Minimum pain
■ Joint effusion

controlled
■ Full weight bearing

with orthosis locked
until full, active knee
extension achieved

■ Functional ROM of
knee

■ Able to perform SLR
(no extensor lag) by 
6 weeks

■ Pain assessment
■ Joint effusion—girth
■ ROM
■ Muscle control
■ Gait analysis

■ No pain, swelling, or tenderness
■ No signs or symptoms of patellar

subluxation, during the previous
phase

■ Muscle function: at least 75% 
(4/5 MMT) of noninvolved extremity

■ Unrestricted ADL and IADL

■ Pain assessment
■ Muscle strength
■ Neuromuscular balance
■ Patellar alignment and stability
■ Functional status
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Immobilization and Weight-Bearing Considerations
A compression dressing is applied following surgery, and the
knee is immobilized in a range-limiting, hinged orthosis
locked in extension or in a posterior orthosis to prevent ex-
cessive knee flexion and protect the soft tissues. Some sur-
geons allow early ROM in a protected range within a few days
after surgery,4,40,164,201 whereas others advocate continuous
immobilization for a week postoperatively.119,232 Depending
on the surgeon’s preference, protected ROM is performed

with the patient wearing the range-limiting orthosis or with
it removed for therapy.

During ambulation with crutches in the early postopera-
tive period, the knee orthosis is locked in extension. Weight-
bearing status on the operated extremity ranges from 25% of
body weight to weight bearing as tolerated. Full weight bear-
ing with the immobilizer locked is permitted by about 4 weeks
after surgery.201 Full weight bearing with the orthosis un-
locked and without an assistive device is permitted only when
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TABLE 21.3 MPFL Repair or Reconstruction: Intervention for Each Phase of Postoperative 
Rehabilitation—cont’d

Phase and General Maximum Protection Moderate Protection Minimum Protection Phase: 
Time Frame Phase: Weeks 1–4 Phase: Weeks 4–8 Weeks 8–12 and Beyond

Goals

Interventions

■ Control postoperative
■ swelling
■ Minimize pain
■ Knee ROM: 0°–90°

(end of week 4)
■ 3/5 muscle strength
■ Ambulate full weight

bearing on operated
side without assistive
device but in locked
brace

■ Establish home
exercise program

■ Compression wrap to
control effusion

■ Pain modulation
modalities

■ Gait training with
crutches in locked
brace, weight bearing
as tolerated

■ Ankle pumps
■ Knee: A-AROM→AROM

in range-limiting brace
■ Superior and inferior

patellar mobilization
(grades I and II)

■ Setting exercises:
quadriceps,
hamstrings, and
gluteal muscles (may
augment with pain-
free NMES over VMO)

■ Four-position SLRs in
locked brace for hip
strength

■ Flexibility program
hamstring, calf, IT band

■ Control swelling
■ Knee ROM: 0°–120°

(end of week 6)
■ 0°–135° (end of 

week 8)
■ 4/5 to 5/5 strength
■ Improve

neuromuscular
control

■ Normalize the gait
pattern

■ Adherence to home
program

■ LE flexibility program
■ Continued open-chain

(SLR without lag) and
closed-chain
strengthening

■ Limited-range PRE
■ Proprioceptive

training
■ Stabilization and

balance exercises
■ Gait training
■ Low-intensity

stationary cycling in
range-limiting brace
for aerobic
conditioning 

■ Functional knee ROM
■ 75% muscle strength compared to

nonoperated lower extremity
■ Gradual return to ADL and IADL
■ Educate patient on resuming activity

slowly, monitoring signs and
symptoms

■ Develop maintenance program and
educate patient on importance of
adherence

■ Continue stretching for LE flexibility
■ Progress PRE for strengthening
■ Advanced closed-chain exercise
■ Aerobic conditioning program:

cycling, swimming, or walking
program

■ Walk-jog progression at week 10
■ Agility drills by week 10–12
■ Implement drills specific to

occupation or sport
■ Consider bracing for high-demand

activity occupation
■ Task-specific training. Simulated

functional tasks based on signs and
symptoms
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the patient can control the knee and has achieved full, pain-
free passive and active knee extension (no evidence of an 
extensor lag/quadriceps lag).164,232

Exercise Progression
Exercise goals following proximal realignment are directed to-
ward restoring and improving the function of the entire lower
extremity and trunk, not just the knee.78,164,168,234 As with non-
operative management of patellofemoral dysfunction, many
of the rehabilitation exercises focus on regaining pain-free
knee ROM, maintaining patellar mobility, and recruiting the
quadriceps mechanism as a unit and the VMO in particular.
These interventions are designed to prevent or remediate
patellar motion restrictions and an extensor lag.56,135,164,281,289

A more recent but equally important postoperative focus is re-
mediating strength deficits in the trunk; pelvis; and hip ab-
ductor, external rotator, and extensor muscles and improving
flexibility of the hip and ankle musculature.125,168,230,233,234

Exercise goals, a progression of exercise interventions, and
criteria to progress from one phase of rehabilitation to the
next after proximal realignment procedures are summarized
in the following sections.88,164,201 Exercise precautions after
proximal and distal extensor realignment procedures are
noted in Box 21.6.119,164,201

Exercise: Maximum Protection Phase
Goals and interventions. During the first 4 weeks after sur-
gery, the repaired or reconstructed medial patellar tissues are
in the acute and subacute stages of healing and vulnerable to
excessive stresses. The goals and interventions during this pe-
riod are directed toward achieving independent ambulation
with crutches; controlling pain and swelling; preventing com-
plications, such as a DVT or adhesions; regaining quadriceps
control; and restoring ROM of the knee while protecting the
reconstructed soft tissues (see Table 21.4).

■  Achieve independent ambulation. Gait training with
crutches for protected weight bearing and knee orthosis
locked in extension

■  Control pain and swelling. Apply cold and compression
regularly throughout the day.

■  Patient education. Review weight-bearing and exercise pre-
cautions with the patient to protect the repaired ligament or
graft tissue while it is most vulnerable to excessive stresses
(see Box 21.6). Establish and teach a home exercise program.

■   Restore ROM. Perform knee flexion/extension exercises
(PROM, A-AROM, and AROM) within a day or two after
surgery. Follow the surgeon’s preference regarding removing
the orthosis for ROM. Depending on the type of repair or re-
construction performed, the goal is to attain full passive and
active knee extension and at least 90° flexion by the end of
week 4.88,164,201 Stretch hip and ankle musculature, if restricted.

■  Maintain patellar mobility. Apply gentle (grades I and II)
patellar mobilization (superior and inferior) to reduce pain
and prevent tissue adhesions.

■  Reestablish neuromuscular control and improve muscle
performance. Begin gentle quadriceps setting for knee

control augmented with pain-free neuromuscular electri-
cal muscle stimulation or biofeedback. While wearing the
orthosis locked in extension, initiate SLRs in supine,
prone, and side-lying positions for hip control. With the
orthosis unlocked, begin partial-range heel-slides in the
supine position and bilateral minisquats and heel raises
when 50% pain-free weight bearing on the operated side
is allowed.

Criteria to progress. Criteria to progress to the intermediate
phase of rehabilitation include:164,201

■  Minimal pain and swelling
■  Incision healing well; no signs of infection
■  Full, active knee extension (no evidence of extensor lag)

and at least 90° of knee flexion

Exercise: Moderate Protection/Controlled 
Motion Phase
Goals and interventions. During the intermediate phase of
rehabilitation, from approximately 4 to 8 weeks postoperatively,
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BOX 21.6 Exercise Precautions After Proximal
or Distal Realignment of the
Extensor Mechanism

■ Initiate PROM or A-AROM_AROM exercises in a hinged,
range-limiting orthosis to prevent excessive knee flexion or
a valgus stress to the knee.

■ Progress knee flexion gradually so as not to disrupt sutures
after MPFL repair or reconstruction, advancement of the
VMO, or tibial tubercle osteotomy with medial transfer of
the patellar tendon.

■ When assisting with supine-lying hip and knee flexion/
extension ROM, stand on the contralateral side of the
operated extremity to avoid placing a valgus stress 
on the knee and stretching repaired medial structures.

■ Perform SLR on the operated side with the orthosis locked
in extension.

■ Begin weight-bearing exercises, such as weight shifting, in
bilateral stance with the knee orthosis locked in extension.

■ Begin bilateral closed-chain exercises, such as minisquats,
in the unlocked, range-limiting knee orthosis when 50%
weight bearing on the operated side is permissible.

■ Continue to keep the orthosis locked in extension during
closed-chain exercises or ambulation in full weight bearing
until quadriceps control has been established (full, active
knee extension/no extensor lag).

■ Postpone unilateral weight-bearing exercises that involve
full weight on the operated side and without the orthosis:
■ For at least 4 to 6 weeks after soft tissue reconstruction
■ For at least 8 weeks or until radiographic healing has

occurred after a distal realignment involving a tibial
tubercle osteotomy

■ Do not perform a maximum voluntary contraction of the
quadriceps for at least 12 weeks after VMO advancement
or tibial tubercle osteotomy.
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soft tissues are in the repair and remodeling stage of healing.
Full weight bearing without an assistive device but with the or-
thosis locked is usually permitted by 4 to 6 weeks after surgery.
The patient should be able to achieve functional knee ROM by
the end of this phase of rehabilitation.

As symptoms subside and quadriceps activation im-
proves, the focus of this phase is to establish a normal gait
pattern with the orthosis unlocked, increase knee ROM,
and restore hip and ankle flexibility and function. It is also
important to develop strength and endurance of the hip and
trunk muscles, improve neuromuscular control/response
times, ensure sufficient balance and proprioception, regain
cardiopulmonary endurance, and progress and reinforce
the home exercise program.

■  Normalize the gait pattern. If full weight bearing is pain
free and quadriceps control is sufficient, practice walking
with crutches or a cane with the orthosis unlocked.

■  Restore ROM and joint mobility. Begin low-intensity, pro-
longed stretching and grade III joint mobilization to increase
ROM of restricted areas. Achieve 0° to 120° knee ROM by
the end of week 6 and 0° to 135° by the end of week 8.4,88,164

Stretch all tight lower extremity musculature, specifically the
gastrocnemius, soleus, hamstring muscles, and IT band, be-
cause they have been shown to be tight in patients with PF
dysfunction.230

■  Improve muscle performance. Progress pain-free, closed-
chain, and open-chain resistance training to increase
strength and muscular endurance of the entire lower 
extremity. Emphasize knee extensor and hip extensor, 
abductor, and external rotator strengthening exercises.
(Suggestions for a progression of nonweight-bearing and
weight-bearing exercises are noted in the previous section
on nonoperative management and described in the final
section of this chapter and Chapter 20.)

PRECAUTION: The patient must only perform resisted exer-
cises in pain-free ranges and in positions consistent with
weight-bearing precautions. During weight-bearing exercises,
reinforce proper lower extremity alignment to avoid knee valgus
during flexion.

■  Improve neuromuscular control and response time, pro-
prioception, and balance. While wearing the orthosis
locked in extension, begin neuromuscular/proprioceptive
training and stabilization and balance activities on a stable
surface and progress to unstable surfaces. Emphasize main-
taining proper lower extremity alignment. Progress from
bilateral to unilateral stance and by adding first uniplanar
and then multiplanar movements of the nonaffected ex-
tremities or trunk. As knee control improves, unlock the
orthosis during training.

■  Improve cardiopulmonary endurance. Begin a stationary
cycling program while wearing the range-limiting orthosis.
Begin with a high seat and low resistance. If wound healing
is adequate, pool exercise such as walking, marching, or 
jogging can begin.

Criteria to progress. The following criteria should be achieved
to advance to the final phase of rehabilitation.164

■  No swelling or extensor lag
■  Knee ROM: 0° to 135°
■  Sufficient strength of knee and hip musculature (at least 75%

compared to nonoperated side) to initiate lower extremity
functional activities

Exercise: Minimum Protection/Return To Function
Phase
Goals and interventions. During the final phase of rehabil-
itation, which extends from 8 to 12 weeks and beyond, the 
patient gradually participates in more demanding functional
activities. By 12 weeks postoperatively, the patient should be
able to begin land-based jogging, and by 16 to 20 weeks, they
should be able to return to a full level of activity without
symptoms. It may be necessary to modify or limit some ac-
tivities to minimize the risk of provoking symptoms or the
recurrence of instability.4

Emphasize activity-specific training, always maintaining
proper lower extremity alignment. The patient’s lifestyle may
need to be modified temporarily to avoid symptom-provoking
activities. Develop and implement a self-managed program to
continue to improve and maintain strength, flexibility, and bal-
ance and devise a plan for adherence to this program.

NOTE: Continued use of patellar taping or a patellar tracking
orthosis during exercise may be useful during the progression
of exercises and transition to high-demand functional activities.

Refer to the exercise progression previously discussed for
advanced nonoperative management and selected exercises
described in the final sections of this chapter and Chapter 20.
More advanced exercises, including plyometric training and
agility drills, are described in Chapter 23.

Outcomes 
Outcomes reported after MPFL repair or reconstruction vary
considerably among studies because the procedures used dif-
fer widely, with some performed in isolation and others com-
bined with lateral release or distal realignment. For the
patient with a first-time lateral dislocation, rates of subse-
quent patellar dislocation were similar for nonoperative
management and surgical repair, suggesting there is no ad-
vantage of undergoing surgery prior to a course of nonop-
erative exercises.219

Camp and colleagues40 carried out a retrospective review of
27 patients (29 knees) who underwent MPFL repair at an aver-
age of 19 years of age for recurrent patellar instability. The suc-
cess rate for the prevention of recurrence of patellar dislocation
for an average of 4 years following MPFL repair was 72% (21 of
29 knees), which the investigators considered a relatively high
rate of recurrence. The patients who reported a postoperative
dislocation subsequently underwent additional procedures, in-
cluding MPFL reconstruction and/or distal realignment (tibial
tubercle osteotomy). Recurrent instability following MPFL 
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reconstruction has been associated with malpositioning of the
MPFL graft during surgery.27

In contrast, MPFL reconstruction procedures have resulted
in high patient satisfaction and low redislocation rates. For ex-
ample, in a retrospective case series, Drez and coinvestigators62

reported the use of MPFL reconstruction with a soft tissue graft
(and no distal realignment) in 15 patients with recurrent lateral
instability after first-time patellar dislocation. At a mean follow-
up of 31.5 months (minimum of 2 years), 93% of patients had
excellent results (10 patients) or good results (3 patients) on an
objective functional outcome and patient satisfaction scale.
Only 1 of the 15 patients reported one episode of subluxation
during the follow-up period.

There is general agreement that LRR performed in isola-
tion is not an effective procedure for management of acute or
chronic patellar instability.45,47,232,241 The poor results can be
attributed to the inability of LRR to align the patella in a more
medial position.86

Poor outcomes, overall, following the many proximal 
realignment procedures described in the literature appear
to be due more to retropatellar pain than to recurrent in-
stability.119 Patients with generalized joint hypermobility
or uncorrected trochlear dysplasia tend to have a high rate 
of redislocation and typically require a distal realignment
procedure.88

Distal Realignment Procedures:
Patellar Tendon With Tibial Tubercle
Transfer and Related Procedures
For a patient with recurrent subluxation/dislocation of the
patella, a distal realignment of the extensor mechanism may
be the surgical intervention of choice. A medial transfer of
the tibial tubercle is performed to decrease laterally directed
forces on the patella by improving patellar tracking and shift-
ing contact stresses away from chondral lesions of the distal
and lateral articular surface of the patella.47,85 Anterior tuber-
cle transfers are done to increase the patellar lever arm, which
decreases quadriceps forces and in turn, patellofemoral con-
tact forces.105 Combined medial and anterior transfers are
used when realignment and reduced forces are both deemed
necessary.105 Distal realignment procedures may be used in
isolation or coupled with LRR or a proximal soft tissue pro-
cedure, such as MPFL repair or reconstruction or medial 
capsular reefing.47,88,199

Indications for Surgery
The following are indications for distal realignment proce-
dures:47,85,86,184,199,221,232

■  Recurrent episodes of lateral patellar instability and a sense
of the knee “giving way” because of patellar malalignment
due to lateralization of the tibial tubercle and patellar ten-
don insertion

■  Painful lateral tracking of the patella with no instability
■  Anterior knee pain associated with patellar maltracking

and patellofemoral arthrosis (chondral or osteochondral
defects) of the lateral and distal retropatellar surfaces

■  Abnormally increased Q-angle
■  Excessive tibial tubercle-trochlear groove distance (> 15 mm)

CONTRAINDICATION: Bony procedures are not recom-
mended for the skeletally immature patient whose tibial tuber-
cle growth plate is open. Recurvatum of the knee can develop
with premature closure of this epiphyseal plate.85,119

Procedures

Background and Operative Overview
The purpose of distal realignment procedures is to reduce
patellar instability and anterior knee pain by reducing laterally
directed forces on the patella, reducing the magnitude of
patellofemoral contact forces and improving patellar track-
ing.47,85,86,221,232 Distal realignment procedures are performed
using an open surgical approach. However, arthroscopic exam-
ination of the knee joint, débridement of the articular surface
of the patella, and sometimes an LRR may precede the distal
realignment procedure.

A number of surgical techniques for distal realignment
have been reported.

Tibial tubercle transfer (Elmslie-Trillat procedure). An
osteotomy of the tibial tubercle is performed; the bony promi-
nence is then transferred medially and secured with screw 
fixation.47,85,88

Anteriorization (elevation) of the tibial tubercle. Often
combined with a medial tibial tubercle transfer, this proce-
dure involves displacing the tubercle anteriorly by means of
a bone graft.232 This serves to reduce contact forces on the
patella and offloads the distal patellar articular surfaces.47,85,232

Distal medialization of the patellar tendon. This proce-
dure involves only a soft tissues transfer for the skeletally 
immature patient.

Complications
Uncommon but serious complications associated with dis-
tal realignment procedures include tibial fracture during
placement of fixation screws, neurovascular injury during
surgery, inadequate skin closure or sloughing over the os-
teotomy site, soft tissue infection or osteomyelitis, and
nonunion of the transposed bone.85,232 Redislocation can
occur laterally because of undercorrection or medially with
overcorrection, particularly in patients who return to high-
demand activities.85,199

Pain at the anterior tibial tubercle from the fixation screws
is not unusual. Therefore, screws are routinely removed 6 to
12 months after surgery.85 As with all patellofemoral surgeries,
patellar adhesions can occur, restricting knee motion. Because
distal realignment shifts retropatellar loads medially and
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proximally, excessive medialization of the tibial tubercle and
patellar tendon can cause excessive contact pressure on the
medial patellar facet and medial compartment, contributing
to arthrosis of these areas over time.47

Postoperative Management

Immobilization and Weight-Bearing Considerations
Depending on the type of fixation used, rehabilitation after
distal realignment involving bony procedures must progress
more gradually than rehabilitation following proximal realign-
ment of soft tissues. Ambulation with crutches while wearing
a knee orthosis locked in extension is permissible the day after
surgery. Weight bearing is limited to touch-down/toe-touch
for the first 4 weeks or until radiographic verification of bone
callus formation has occurred at the osteotomy site.85,164

Weight bearing is progressed gradually, with full weight bear-
ing permissible without the immobilizer at 8 weeks if quadri-
ceps control is sufficient.164

Exercise Progression
ROM also is progressed more gradually than after soft tissue
procedures (refer to exercise precautions noted in Box 21.6).
A range-limiting orthosis is worn that allows motion from
only 0° to 30°164 or 0° to 60°88 of flexion during the first week;
to 90° of flexion by the end of week 4; and to 135° by the end
of week 8.164 Closed-chain exercises are initiated in the range-
limiting knee orthosis as increased weight bearing is permit-
ted. Otherwise, exercises are similar to those for nonoperative
management, LRR, and proximal realignment procedures.
The return to full activity generally takes about 5 to 6 months
and is based on bone healing and lower extremity strength.

Outcomes 
Patients without degeneration of the retropatellar surface or
those with lateral and distal lesions tend to have better results
than those with medial articular lesions or advanced PF
arthritis.47,184 Outcomes following medial tibial tubercle
transfer were shown to be better for patients with painful lat-
eral patellar tracking without instability than for patients with
at least a 1-year history of recurrent instability.142 However,
because improvement occurred in both groups of patients
tibial tubercle transfer appears beneficial for painful maltrack-
ing and recurrent instability.

Distal realignment procedures are often coupled with a
proximal repair and/or lateral release to correct malalign-
ment and relieve symptoms. Results of studies of combined
procedures reflect good to excellent outcomes for most pa-
tients. Garth and colleagues88 studied a group of young
adults (mean age, 18 years) with recurrent patellar instability
after an acute, traumatic, lateral dislocation of the patella.
After undergoing distal realignment coupled with MPFL re-
pair and advancement of the patellomeniscal ligament, 90%
(18 of 20) of the patients reported good to excellent results
in knee function and patient satisfaction and no recurrence

of instability at a minimum follow-up of 24 months. In an-
other study199 evaluating the combination of three proce-
dures (lateral release, repair of medial supporting structures,
and distal realignment), 32 of 42 knees (76%) in 37 patients
had good or excellent outcomes at follow-up (mean, 44 months;
range, 25 to 85 months), with only four knees experiencing
redislocations. 

Ligament Injuries:
Nonoperative Management

Mechanisms of Injury
Ligament injuries occur most frequently in individuals between
20 and 40 years of age during sport participation (e.g., skiing,
soccer, football) but can occur in individuals of all ages. The
ACL is the most commonly injured knee ligament. Often, more
than one knee ligament is damaged during a single injury
episode. 

 FOCUS ON EVIDENCE
Sprain and strain injuries are classified as knee instability and
movement coordination impairments in the Clinical Practice
Guidelines linked to the International Classification of Func-
tioning, Disability, and Health.159

Anterior Cruciate Ligament
ACL injuries can occur from both contact and noncontact
mechanisms (Fig. 21.12). The most common contact mech-
anism is a force applied to the lateral side of the knee that 
results in a large valgus moment. This mechanism can injure
not only the ACL, but also the MCL and the medial meniscus.
Such an injury is termed the “unholy triad” or “terrible triad”
injury because of the frequency with which these three struc-
tures are injured in a single trauma (Fig. 21.13).

The most common noncontact injury occurs through a
rotational mechanism in which the tibia is externally rotated
on the planted foot. Literature supports that this mechanism
accounts for as many as 78% of all ACL injuries.208 The sec-
ond most common noncontact mechanism is forceful hyper-
extension of the knee.

With prolonged ambulation on a knee that has a deficient
ACL, the secondary restraints (LCL and posterolateral joint
capsule) are stressed and become lax, and a “quadriceps avoid-
ance gait” may develop.116 The quadriceps avoidance gait in
ACL-deficient knees was originally documented and de-
scribed by Berchuck and colleagues15 as a reduction in the
magnitude of the flexion moment about the knee during the
limb loading phase of gait due to the patient’s effort to reduce
contraction of the quadriceps.
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587 acute and chronic PCL-deficient knees reported that the
three most common mechanisms of injury were a “dash-
board”/anterior injury mechanism (38.5%); followed by a fall
on the flexed knee with the foot in plantarflexion (24.6%); and
lastly, a sudden, violent hyperflexion of the knee joint (11.9%).

Medial Collateral Ligament
Isolated injuries to the MCL can occur from valgus moments
that create high tensile loads across the medial joint line of
the knee. Injuries to the MCL can be partial or incomplete
and are graded utilizing a I, II, III grading classification of lig-
ament injuries described in Chapter 10 (see Fig. 21.13).

Lateral Collateral Ligament
Injuries to the LCL are infrequent and are usually the result of
a traumatic varus moment at the knee that loads the ligament.
With this mechanism, it is not uncommon for additional lig-
aments, the joint capsule, and sometimes the menisci to also
be damaged and result in posterolateral knee instability.

Ligament Injuries in the Female
Athlete
The increased number of females participating in organized
sports since the passage of Title IX in 1972 has also resulted
in a concurrent increase in the number of injuries to female
athletes. A significant percentage of these injuries are ACL
tears, specifically from noncontact mechanisms. In fact, when
injury to the ACL is sustained in a noncontact manner, a
woman is three times more likely to tear the ACL than is a
man.8 This phenomenon has led the American Academy of
Orthopaedic Surgeons to publish a consensus paper examining
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Torn ACL

FIGURE 21.12 Sagittal MRI demonstrating a complete midstructure
tear of the anterior cruciate ligament (outlined). (From McKinnis, LN:
Fundamentals of Musculoskeletal Imaging, ed. 4. Philadelphia: 
F.A. Davis, 2014, p 396, Fig. 13.48 B, with permission.)

A B

MCL

MM

ACL

FIGURE 21.13 The “terrible triad,” a combination of injuries to the
medial meniscus (MM), medial collateral ligament (MCL), and anterior
cruciate ligament (ACL). (A) Intact ligaments stretched by valgus
force. (B) Rupture of the MCL, ACL, and MM. (From McKinnis, LN:
Fundamentals of Musculoskeletal Imaging, ed. 4. Philadelphia: 
F.A. Davis, 2014, p 395, Fig. 13.45 A and B, with permission.) 

Torn PCL

FIGURE 21.14 Sagittal MRI demonstrating a rupture of the posterior
cruciate ligament seen as an interruption in the cordlike structure
(outlined). (From McKinnis, LN: Fundamentals of Musculoskeletal 
Imaging, ed. 4. Philadelphia: F.A. Davis, 2014, p 396, Fig. 13.47 B, with
permission.)

Posterior Cruciate Ligament
PCL (Fig. 21.14) injuries occur most commonly from a force-
ful trauma to the anterior tibia while the knee is flexed, such
as contact with the car dashboard in a motor vehicle accident
or falling onto a flexed knee. A study by Schulz256 evaluating
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the risk factors and prevention strategies of noncontact ACL
injuries.100 In addition, clinicians and scientists interested in
ACL injury gender bias have met regularly to present research,
develop consensus, and suggest future investigations on gender
bias in ACL injuries.53

Risk factors identified in the consensus papers generated
by these groups fall into four major categories: biomechanical,
neuromuscular, structural, and hormonal, and they are sum-
marized here.53,100

■  Biomechanical risk factors include the effect of the total
chain (trunk, hip, knee, and ankle) on ACL injuries, including
awkward or improper dynamic body movements during 
activities such as deceleration and changes of direction. For
example, increased hip adduction is related to increased knee
valgus, which is associated with ACL injury risk in the female.
Also, decreased hip and knee flexion angles have been
demonstrated during cutting activities in the female athlete.

■  Neuromuscular risk factors have an influence on biome-
chanical factors in that neuromuscular control influences
joint position and movement. Valgus collapse at the knee
and decreased use of the hip extensors have been reported
to be more common in women who have sustained an ACL
injury than in men with an ACL injury. It is suggested that
this is related to increased anterior shear of the tibia and
strain of the ACL during deceleration such as landing with
hip-knee flexion following a jump.233 Not only are females
weaker in hip and knee strength compared to males (nor-
malized to body weight), but muscle timing and activation
patterns of the quadriceps, hamstrings, and gastrocnemius
muscles also differ between males and females.

■  Structural risk factors include femoral notch size, ACL size,
and lower extremity alignment. The femoral notch height is
smaller and notch angle larger in the male compared to the
female, which may affect ACL size. The female ACL is smaller
than the male ACL even when adjusted for body size. The
ACL in the female has a lower modulus of elasticity (i.e., less
stiff) and lower failure strength (i.e., fails at a lower load),
leading to greater joint mobility than in the male.

■  Hormonal differences between males and females may also
be a factor related to the increased incidence of female ACL
injuries. There are hormone receptor sites for estrogen,
progesterone, and testosterone in the ACL of humans. The
sex hormones have a time-dependency effect that influ-
ences ACL tissue characteristics, such as increasing risk of
injury during the pre-ovulatory phase of the menstrual
cycle in females.159

Common Impairments, Activity
Limitations, and Participation
Restrictions 
■  Following trauma, the joint usually does not swell for sev-

eral hours. If blood vessels are torn, swelling is usually im-
mediate.

■  If tested when the joint is not swollen, the patient feels pain
when the injured ligament is stressed.

■  If there is a complete tear, instability is detected when the
torn ligament is tested.

■  When effused, motion is restricted, the joint assumes a po-
sition of minimum stress (usually flexed 25°), and the
quadriceps muscles are inhibited.279

■  When acute, the knee cannot bear weight, and the person
cannot ambulate without an assistive device.

■  With a complete tear, there is instability, and the knee may
give way during weight bearing, preventing the return to
specific work, sport, and recreational activities requiring
dynamic knee stability.

Conservative Management 
of Ligament Injuries
Acute sprains, partial ligament tears, and sometimes complete
rupture of a single knee ligament can be treated conservatively
with rest, joint protection, and exercise. After the acute stage
of healing, exercises should focus on ROM, balance, normal-
izing the gait pattern , and developing strength and endurance
of muscles that support and dynamically stabilize the joint
during functional activities.59,76,121 The degree of instability
following a ligament tear affects the demands the patient can
place on the knee when returning to full activity.

A patient’s preinjury activity level and the postinjury level
of activity to which he or she expects to return both influence
the success of a nonoperative treatment program. Relatively
sedentary individuals can usually function with some loss of
knee stability and can expect to return to preinjury activities
following a course of nonoperative management. For select ath-
letes who wish to return to high-demand activities following
ACL injury, an intensive rehabilitation program, including bal-
ance/perturbation training to stimulate neuromuscular control
and develop dynamic knee stability, can be effective.75,76 In con-
trast, for patients with extensive ligament damage or concomi-
tant injuries (such as meniscus damage) and poor dynamic
knee stability after a period of nonoperative treatment, surgical
reconstruction is typically recommended for return to high-
level work or sports and preinjury level of function.

 FOCUS ON EVIDENCE
The descriptive terms “potential coper” and “potential non-
coper” have been used in the literature64,76,121,190 to identify
and classify those individuals early after ACL injury who are
good versus poor candidates for nonoperative rehabilitation.
Potential copers are described as having sufficient dynamic
knee stability; the ability to compensate following injury; and
good potential to return to preinjury, high-level activities 
following a course of nonoperative treatment. In contrast, 
potential noncopers are thought to have poor potential to re-
turn to preinjury activities following nonoperative treatment;
these individuals typically have poor dynamic knee stability
and are advised to consider surgical management. A study 
by Moksnes and associates190 evaluated both copers and non-
copers after 1 year of intensive rehabilitation. For those not
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undergoing surgery, 19 of the 27 noncopers (70%) showed ex-
cellent knee function and were reclassified as true copers. In
the coper group, 15 of 25 (60%) were true copers. (The term
“true coper” applies to individuals able to return to preinjury
activity level 1 year after ACL injury with no episodes of the
knee giving way during activities.)

The results suggest limited prognostic accuracy of the
screening examination and therefore support the importance
of including all patients with ACL injury in intensive reha-
bilitation, not just those who initially meet the definition of
coper.

If the collateral or coronary ligaments are involved, because
of their superficial location, they may benefit from cross-fiber
massage to align the healing fibers and maintain their mobility.
Because of the structural characteristics of the MCL (a broad,
flat ligament with deep and superficial portions, parallel align-
ment of collagen fibers, and fan-shaped attachments proxi-
mally and distally), injuries to this ligament are typically

managed with a conservative (nonsurgical) approach.306 Con-
servative management of knee ligament injuries is described
in Table 21.4; progression is based on presenting signs and
symptoms.209

Nonoperative Management: Maximum
Protection Phase
Follow the principles described for an acute joint lesion earlier
in this chapter.

■  If possible, examine before effusion sets in.
■  Utilize cold and compression with rest and elevation.
■  Teach protected weight bearing with use of crutches and

partial weight bearing as tolerated.
■  Teach safe transfer activities to avoid pivoting on the in-

volved extremity.
■  Initiate quadriceps-setting exercises. The knee may not fully

extend for end-range muscle-setting exercises, so begin the
exercises in the range most comfortable for the patient. As
the swelling decreases, initiate ROM within tolerance.

808 Ligament Injuries: Nonoperative Management

TABLE 21.4 Nonoperative Management of Knee Ligament Injuries: Intervention for Each Phase 
of Rehabilitation*

Phase and General Maximum Protection Moderate Protection Minimum Protection Phase: 
Time Frame Phase: Weeks 1–3 Phase: Weeks 3–6 Weeks 5–8 and Beyond

Patient presentation

Key examination procedures

Goals

■ Joint effusion
■ Pinpoint tenderness
■ Decreased ROM

■ Pain scale
■ Joint effusion
■ Ligament stability
■ ROM
■ Muscle control
■ Functional status
■ Patellar mobility

■ Protect healing
tissues

■ Prevent reflex
inhibition of muscle

■ Decrease joint
effusion

■ Decrease pain
■ Establish home

exercise program

■ Minimal tenderness
■ Joint effusion

controlled
■ No increased

instability
■ Full or nearly full ROM

■ Pain scale
■ Joint effusion
■ Ligament stability
■ ROM
■ Muscle control/

strength
■ Functional status

■ Full, pain-free ROM
■ Restore muscular

strength
■ Normalize gait

without assistive
device

■ Normalize ADL
function

■ Adherence to home
program

■ No instability
■ No effusion of tenderness
■ 4/5 to 5/5 strength (MMT)
■ Unrestricted ADL function
■ Muscle function 70% of noninvolved

extremity

■ Ligament stability
■ Muscle control
■ Functional status

■ Increase strength
■ Increase power
■ Increase endurance
■ Improve neuromuscular control
■ Improve dynamic stability
■ Regain ability to function at highest

desired level
■ Transition to maintenance program
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Nonoperative Management: Moderate
Protection (Controlled Motion) Through 
Return to Activity Phases
As swelling decreases, examine the patient for impairments
and functional losses. Initiate joint movement and exercises
to improve muscle performance, functional status, and car-
diopulmonary conditioning.64,159

Improve Joint Mobility and Protection
Joint mobility. Use supine wall slides (see Fig. 21.19), patel-
lar mobilizations, and stationary cycling; encourage as much
movement as possible. Unless there has been an extended 
period of immobilization, there should be minimal need to
stretch contractures.

Protective bracing. Bracing may be necessary for weight-
bearing activities to decrease stress to the healing ligament or to
provide stability when ligament integrity has been compro-
mised. Bracing can be one of two types: (1) range-limiting post-
operative type braces that are used to protect healing tissues and
discontinued during later phases of rehabilitation or (2) func-
tional braces that are used during advanced rehabilitation and
upon return to functional activities. The patient must be advised
to modify activities until appropriate stability is obtained.

Improve Muscle Performance
Strength and endurance. Initiate isometric quadriceps and
hamstring exercises, and progress to dynamic strength and

muscular endurance training. Quadriceps strength is impor-
tant for knee stability.159

■  Utilize both open-chain and closed-chain resistance. 
■ Open-chain resistance has been shown to be more effec-

tive for increasing quadriceps strength than closed-chain
single-leg squat in patients with an ACL injury.288

■ Progress closed-chain exercises using partial squats, step-
ups, leg press, and heel raises.

■  Reinforce quadriceps contractions with high-intensity elec-
trical stimulation if there is an extensor lag.275

 FOCUS ON EVIDENCE
Eitzen and associates64 reported results of a progressive 
5-week exercise program with patients (n =100) who had a 
recent ACL injury (within 3 months) prior to deciding on
whether or not to have reconstructive surgery. Pre- and post-
tests included isokinetic quadriceps and hamstring strength,
four single-leg hop tests, two self-assessment questionnaires,
and a global rating of knee function. Both potential copers and
noncopers without additional symptomatic injuries were in-
cluded in the study. The program utilized progressive strength
training (heavy resistance open and closed chain); plyometric,
balance, and stability exercises; and perturbation training. A
standardized response mean for each variable was calculated
and demonstrated clinically relevant improvements in both
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TABLE 21.4 Nonoperative Management of Knee Ligament Injuries: Intervention for Each Phase 
of Rehabilitation*—cont’d

Phase and General Maximum Protection Moderate Protection Minimum Protection Phase: 
Time Frame Phase: Weeks 1–3 Phase: Weeks 3–6 Weeks 5–8 and Beyond

Interventions

*Note: This is based on grade II ligament injury but may be accelerated for grade I or decelerated for grade III injuries.
Adapted from Wilk, KE, and Clancy, WG: Medial collateral ligament injuries: Diagnosis, treatment, and rehabilitation in knee ligament injuries. In Engle,
RP (ed): Knee Ligament Rehabilitation. New York: Churchill Livingstone, 1991, with permission.

■ PRICE (protective
bracing, rest, ice,
compression
elevation)

■ Ambulation training
with crutches; weight
bearing as tolerated

■ PROM/A-AROM
■ Patellar mobilization

(grades I and II)
■ Muscle setting

quadriceps,
hamstrings, and
adductors (may
augment with E-stim)

■ SLRs
■ Aerobic conditioning

■ Continue multiple-
angle isometrics

■ Initiate PRE
■ Closed-chain

strengthening
■ LE flexibility exercises
■ Endurance training

(e.g., bike, pool, ski
machine)

■ Perturbation/balance
training

■ Stabilization exercises
■ Initiate a walk/jog

program at the end of
this phase

■ Initiate skill-specific
drills at the end of this
phase

■ Continue LE flexibility
■ Advance PRE strengthening
■ Advance closed-chain exercises
■ Advance perturbation training
■ Advance endurance training
■ Isokinetic training (if available)
■ Progress running program; full speed

jog, sprints, figure-eight running, and
cutting

■ Implement drills specific to sport or
occupation

■ Determine need for protective
bracing prior to return to sport or
work
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groups. Adverse events (swelling, pain, or knee giving way) oc-
curred in only 5 subjects.

Neuromuscular control. Neuromuscular control is com-
promised when stabilizing muscles fatigue.118 Emphasize 
neuromuscular reeducation (proprioceptive training) with
stabilization, acceleration, deceleration, and perturbation train-
ing in weight-bearing positions.159 Begin with low-intensity,
single-plane movements and progress to high-intensity, mul-
tiplane movements. These exercises are described in Chapter 8
and summarized in the last section of this chapter.

 FOCUS ON EVIDENCE
In a randomized, controlled study, 26 athletes with an acute
ACL injury or rupture of ACL grafts participated in a standard
rehabilitation program or a standard rehabilitation program
with perturbation training.75 Of those in the perturbation
group (n =12), only one had unsuccessful rehabilitation, with
the knee giving way while playing football prior to completing
the program. In the control group (no perturbation training;
n =14), one-half of the subjects had unsuccessful outcomes
and were considered at high risk for re-injury at the 6-month
follow-up examination. The authors stated that although both
groups returned to high-level physical activities, those in the
perturbation-training group demonstrated greater long-term
success.

Improve Cardiopulmonary Conditioning
Utilize a program that is consistent with the patient’s goals, such
as biking (begin with a stationary bike), jogging (begin with
walking on a treadmill), using a ski machine, or swimming.

Progress to Functional Training
Develop activity-specific exercises and drills that replicate the
demands of the individual’s outcome goals.294 Suggestions for
functional training are described in the exercise section of this
chapter and Chapter 23.

Ligament Injuries: Surgical
and Postoperative
Management

Background
Knee ligaments are the key static stabilizing structures for ac-
cessory and rotational motions of the tibiofemoral joint (see
Fig. 21.2). The main accessory motions of the joint are anterior
and posterior translation and medial and lateral translation,
while the primary rotational motions are varus and valgus mo-
ments and long-axis rotation. Strong ligamentous support is
necessary because the shallow concave tibial articulating surface

allows significant translatory motions if unrestrained. Acute
traumatic disruption or chronic laxity of the ligaments results
in increased accessory and/or rotational joint motions, which
can impair functional abilities and accelerate joint degenera-
tion. Although injuries to each of the four primary knee liga-
ments (ACL, PCL, MCL, and LCL) are discussed extensively in
the literature, the ACL is, by far, the most frequently injured
and surgically repaired. 19,208

General considerations and indications for ligament 
surgery. Factors influencing the decision for surgical recon-
struction include the specific ligament injured, the location
and extent of the lesion, the degree of instability experienced
by the patient, the presence of concomitant pathology such as
a meniscal or articular cartilage damage, and the potential for
achieving the patient’s desired level of function.1,2,72,138,186,271

The risk of re-injury and prevention of future impairment are
also considerations because if not managed adequately, acute
ligament injury can lead to chronic joint instability.19 In turn,
chronic instability is thought to contribute to degeneration of
articular cartilage and early-onset OA.160

Surgical intervention for ligament injury is indicated when
the patient has failed to achieve functional goals established
in a conservative rehabilitation program or has early joint de-
generation. Many authors19,33,82,186,267,271 recommend surgical
intervention for acute, isolated ACL and LCL injuries after a
brief period of acute symptom management in recreationally
active individuals. Surgical management of chronic ligament
deficiency is rcommended when a patient’s function has be-
come compromised or when secondary joint pathology has
developed. However, there is no evidence to suggest that ACL
reconstruction prevents or reduces the rate of progression of
early-onset joint degeneration.160

Types of ligament surgery. Ligament surgeries are classified
as intra-articular, extra-articular, or combined procedures and
can be performed using an open, arthroscopically assisted, or
all-arthroscopic approach.33,150,186 Initially, intra-articular
procedures were performed through an open approach and
involved a direct repair of the ligament. The repair was ac-
complished by re-opposing and suturing the torn ligament.
Postoperatively, a long period (usually 6 weeks) of immobi-
lization and restricted weight bearing were required because
of extensive tissue disruption associated with the open ap-
proach and the poor healing qualities of ligamentous tissue.150

Surgical outcomes were unacceptable due to postimmobiliza-
tion contractures, patellofemoral dysfunction, muscle weak-
ness, and an unacceptably high incidence of rerupture.
Consequently, direct ligament repairs were abandoned and
reconstruction procedures were developed.

Intra-articular reconstruction of ligament injuries is the pri-
mary means by which ACL and PCL injuries are managed sur-
gically. In general terms, reconstruction involves using a tissue
graft to replicate the function of the damaged ligament and act
as an inert restraint of the knee.20,33,150,165,186,205,271 Initially, intra-
articular reconstructions were performed through an open ap-
proach, and the need for lengthy postoperative immobilization
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continued.150 Today, intra-articular ligament reconstructions
are performed through an arthroscopically assisted or all-
arthroscopic approach, causing far less tissue damage and 
resulting in a more rapid postoperative recovery.

NOTE: Overviews of intra-articular ACL and PCL reconstruction
procedures are described later in this chapter.

Extra-articular reconstructions involve transposing either
dynamic musculotendinous or static tissue restraints to 
locations that provide external stability to the knee joint.
Extra-articular procedures are used rarely today as primary
procedures because they do not restore normal kinematics
to the knee as effectively as intra-articular procedures. Extra-
articular procedures used to augment intra-articular recon-
structions have shown little additional benefit.150

Grafts: Types, healing characteristics, and fixation. The tissue
used for intra-articular reconstructions is most often an auto-
graft (the patient’s own tissue), but is occasionally an allograft
(donor tissue) or a synthetic graft (Fig. 21.15).140,182,205,267 An
allograft or synthetic graft is used only when a suitable auto-
graft is not available—for example, when a patient’s own tissue
is not suitable for graft harvesting.150,205 Autografts are pre-
ferred for intra-articular reconstruction because remodeling
and incorporating both allografts and synthetic grafts after im-
plantation may be slower than with the patient’s native tis-
sue.182 (Refer to Chapter 12 and Box 12.9 for additional
information about tissue grafts.)

continued use as a replacement ligament, has been the gold stan-
dard for ACL reconstruction for several decades,33,71,150,152,194

and remains the most frequently selected graft for the proce-
dure.20,72,81,140,152,165,186 An alternative graft that has also become
widely used for ACL reconstruction is a semitendinosus-gracilis
tendon graft.71,150,152,191,263,287 Research has shown that the ma-
terial strength and stiffness of both of these grafts are greater
than that of the native ACL.263

An extensive body of knowledge exists on graft healing,
placement, and fixation, as well as the strength and stiffness
of the tissues used as grafts and their responses to imposed
loads. Most of this research has focused on grafts for ACL re-
construction because of the much higher incidence rates and
subsequent reconstructions for this injury.20,31,81,138,152,271

CLINICAL TIP
Because graft type and graft fixation characteristics affect re-
habilitation and surgical outcomes, it is important to under-
stand that an implanted graft undergoes a series of changes as
it heals. Initially, there is a period of avascular necrosis during
which the graft loses substantial strength. This period is fol-
lowed by a period of revascularization, then remodeling, and
finally maturation, which typically takes at least 1 year. During
the first 6 to 8 weeks postoperatively, graft integrity is most vul-
nerable to excessive loads because the strength of the graft is
derived solely from the fixation, not the graft itself.20,31,138,140

With advances in graft selection, preparation, place-
ment, and fixation and with the evolution of arthroscopic
techniques, the need for a long postoperative period of 
immobilization and protected weight bearing following
primary ACL reconstruction has been eliminated.20,31,271

Nevertheless, there is still a need to carefully limit and
progress the stresses imposed on the healing graft during
early rehabilitation.

General considerations for rehabilitation. The expected
outcomes following ligament reconstruction and postopera-
tive rehabilitation are (1) restoration of joint stability and mo-
tion, (2) pain-free and stable weight bearing, (3) sufficient
postoperative strength and endurance to meet functional de-
mands, and (4) the ability to return to preinjury activities.

Whenever possible, successful postoperative outcomes
start with a preoperative program that includes edema control,
exercise to minimize atrophy and maintain ROM, protected
ambulation, and patient education.59,190,225,265 Preoperative
intervention is often possible because ligament reconstruction
is usually delayed until acute symptoms subside. Exercises
used for preoperative therapy are similar to those used for the
early phase of nonoperative management of ligament injuries
discussed in the previous section of this chapter. Depending
on the location and extent of injury, a preoperative exercise
program may be carried out for several weeks or months be-
fore a surgical decision is made.190 Regardless of the duration
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FIGURE 21.15 Lateral view of the knee depicting graft placement
for ACL reconstruction.

Although several types of tissues are harvested for knee 
ligament reconstruction,140,152,165, 182,191,205 the bone-patellar 
tendon-bone autograft has the longest history of successful and
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of the preoperative exercise program, exercises should not
cause additional swelling or pain.

The progression and duration of postoperative rehabilita-
tion programs published in the literature vary and no single
program has been shown to be optimal. Throughout rehabil-
itation, open communication with the surgeon enables the
therapist to discuss any precautions or concerns specific to
the individual patient and their procedure.

Regardless of the ligament injured or specific surgical pro-
cedure, the emphasis of rehabilitation is on restoring the pa-
tient’s functional abilities while protecting the healing graft and
preventing postoperative complications and re-injury. Early
controlled motion and weight bearing decrease the incidence of
postoperative complications such as contracture, patellofemoral
pain, and muscle atrophy225,265,250,308 and allow patients to re-
turn to activity as quickly as possible without compromising the
integrity of the reconstructed ligament.198,250

To progress patients through rehabilitation after ligament
reconstruction, contemporary practice follows guidelines that
are based on the attainment of specific criteria and measura-
ble goals or performance on functional tests rather than time-
based protocols.112,155,157,198,209,308 For example, exercises and
activities are advanced only after the patient achieves full, ac-
tive knee extension or a specific benchmark on a single-leg
balance test. This transition to criterion-based progression is
advocated to ensure a safe return to high-level sporting activ-
ities and to prevent re-injury.198,308

 FOCUS ON EVIDENCE
Clinical practice guidelines (CPGs) have been published that
summarize available evidence and provide recommendations
to support evidence-based decision-making during rehabili-
tation following ligament injury and surgery.159 One pub-
lished CPG reports that there is moderate evidence to support
immediate postoperative bracing, immediate mobilization
(motion), and neuromuscular electrical stimulation for pa-
tients following ACL reconstruction and for in-clinic and
home exercises for patients with knee stability impairments.
The same CPG notes strong evidence for both nonweight-
bearing and weight-bearing exercises for those with stability
and movement coordination impairments.159

Another CPG reports moderate evidence supporting early,
accelerated, and nonaccelerated postoperative rehabilitation
protocols following ACL reconstruction, as all three have sim-
ilar outcomes.3

Anterior Cruciate Ligament
Reconstruction
Because the healing capacity of a torn ACL is poor, surgical
reconstruction is frequently recommended to restore knee
stability, particularly in the young, active individual.19,138 Al-
though the incidence of re-injury of the knee is lower after

ACL reconstruction than with nonoperative management,
particularly in patients younger than 25 years of age,63 many
individuals who have sustained an acute, primary ACL injury
participate in a conservative course of treatment before
choosing between surgical reconstruction or further nonop-
erative treatment.64,190

Indications for Surgery
Although there are no rigid criteria for patient selection, the
most frequently cited indications for ACL reconstruction 
include the following:19,33,165,186,190,191

■  Disabling instability of the knee due caused by a complete
or partial acute ACL tear or chronic ACL laxity

■  Frequent episodes of the knee giving way during routine
ADLs as the result of significantly impaired dynamic knee
stability despite a course of nonoperative management

■  A positive pivot-shift test indicating rotational instability
associated with concomitant injury to other knee struc-
tures such as the MCL

■  Injury of the MCL at the time of ACL injury to prevent lax
healing of the MCL

■  Increased risk of re-injury because of participation in high-
demand work, sports, or recreational activities

NOTE: Increased anterior translation of the tibia on the femur
compared with the contralateral, noninvolved knee, as meas-
ured by an arthrometer, is not considered a reliable indication
for ACL reconstruction because a strong correlation among
these measurements of stability and a patient’s symptoms of
instability has not been established.19

CONTRAINDICATIONS: Relative, not absolute, contraindica-
tions for ACL reconstruction are noted in Box 21.7.19,33,165,191

812 Ligament Injuries: Surgical and Postoperative Management

BOX 21.7 Relative Contraindications to ACL
Reconstruction

■ Relatively inactive individual with little to no exposure to
work, sport, and recreational activities that place high
demands on the knee

■ Inability to make lifestyle modifications that eliminate 
high-risk activities

■ Inability to cope with episodes of instability
■ Advanced arthritis of the knee
■ Poor likelihood of complying with postoperative restrictions

and adhering to a rehabilitation program

Procedures

Operative Overview
Surgical approach, graft selection, and harvesting. To re-
duce tissue damage and reduce recovery time, the current stan-
dard practice for most reconstruction procedures is the use of
arthroscopically assisted or endoscopic techniques.19,20,71,150 In
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an arthroscopically assisted approach, only the intra-articular
portions of the procedure, such as meniscus débridement or
repair, enlargement of the intercondylar notch of the femur,
or drilling the femoral and tibial bone tunnels, are performed
arthroscopically.150

The most common ACL reconstruction procedure today
is an arthroscopically assisted or endoscopic procedure using
an autograft. If a bone-patellar tendon-bone graft is selected,
it is harvested through a small, longitudinal incision over the
patellar tendon from the patient’s involved knee20,33,72,165,186

or occasionally from the contralateral knee.267 The central
one-third of the patellar tendon with small bone fragments
from the patella and tibial tubercle attached is harvested.
These fragments serve as bone plugs for graft fixation. When
a semitendinosus-gracilis tendon autograft (hamstring ten-
don graft) is used, it is harvested through an incision over the
tibial insertion of the semitendinosus and gracilis ten-
dons.71,191,263,268,271,280,287 Hamstring tendon grafts harvested
with bony attachment to allow faster ligament incorporation
are becoming more common.169

Although systematic reviews indicate no significant differ-
ence in outcomes based on the use of bone-patellar tendon-
bone versus hamstring tendon grafts,159 there are advantages,
disadvantages, and potential complications associated with
each type of autograft. For example, the transition from me-
chanical fixation to biological fixation is thought to occur
more rapidly with a patellar tendon graft, which involves
bone-to-bone healing, than with a hamstring tendon graft,
which requires tendon-to-bone healing (6 to 8 weeks versus
12 weeks, respectively).271 Other reported advantages and dis-
advantages of these two types of autografts are summarized
in Boxes 21.8 and 21.9.1,71,150,152,169,250,263,268,280,287 Recently,
the use of a bone-hamstring tendon-bone autograft for ACL
reconstruction was reported, allowing bone-to-bone healing
and affording some of the same advantages associated with a
bone-patellar tendon-bone autograft.169

Graft placement and fixation. After the graft is harvested
and prepared for implantation, the arthroscopic instrumen-
tation is reinserted and femoral and tibial bone tunnels are
drilled.20,82,150,165 Graft placement (see Fig. 21.15) is achieved
by passing the graft through the tunnels to its final position
in the tibia and femur. Precise anatomical graft placement is
crucial for restoration of joint stability and mobility; im-
proper placement can lead to loss of postoperative ROM.1 A
graft placed too far posteriorly may result in failure to regain
full flexion, and a graft placed too far anteriorly may limit 
extension.31

NOTE: Limited ROM into extension also may be caused by graft
impingement due to an inadequate femoral notch size or
buildup of scar tissue in the notch.1 A femoral notchplasty (en-
largement of the intercondylar notch) is often performed during
the reconstruction to ensure adequate graft clearance during
knee extension.

Graft fixation is vital to the success of ACL reconstruction.
With a bone-patellar tendon-bone graft, both bone plugs are

secured in the prepared tunnels (bone-to-bone fixation) by
means of screw fixation (metal or bioabsorbable interference
screws).31,33,82,152,165,271 Several types of soft tissue fixation de-
vices are used to secure a hamstring tendon graft, including
endobuttons, washers, and staples, while interference and
transfixation screws may also be used.31,71,138,191,263 Despite
fixation advances, strong tendon-bone integration remains a
challenge, particularly at the tibial site.
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BOX 21.8 Advantages and Disadvantages/
Complications of the Bone-Patellar
Tendon-Bone Autograft

Advantages
■ High tensile strength/stiffness, similar or greater 

than the ACL
■ Secure and reliable bone-to-bone graft fixation with

interference screws
■ Rapid revascularization/biological fixation (6 weeks) at the

bone-to-bone interface permitting safe, accelerated
rehabilitation

■ Ability to return to preinjury, high-demand activities safely

Disadvantages/Potential Complications
■ Anterior knee pain in area of graft harvest site
■ Pain during kneeling
■ Extensor mechanism/patellofemoral dysfunction
■ Long-term quadriceps muscle weakness
■ Patellar fracture during graft harvest (rare, but significant

adverse effects)
■ Patellar tendon rupture (rare)

BOX 21.9 Advantages and Disadvantages/
Complications of the Semitendinosus-
Gracilis Autograft

Advantages
■ High tensile strength/stiffness greater than ACL with

quadrupled graft
■ No disturbance of epiphyseal plate in skeletally immature

patient
■ Evidence of hamstring tendon regeneration at donor site
■ Loss of knee flexor muscle strength remediated by 2 years

postoperatively

Disadvantages/Potential Complications
■ Tendon-to-bone fixation devices (particularly tibial fixation)

not as reliable as bone-to-bone fixation
■ Longer healing time (12 weeks) at tendon-bone interface
■ Hamstring muscle strain during early rehabilitation
■ Short- and long-term knee flexor muscle weakness (not

associated with functional limitation)
■ Possible increased anterior knee translation (not associated

with functional limitations)
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An advantage of current-day fixation devices is that they
can withstand early but controlled tensile forces on the graft
so that with proper placement and fit of these fixation devices
there is a low risk of compromising the security of the graft it-
self.20,31,71 This, in turn, permits early weight bearing and ROM
of the knee, both of which are typical elements of contempo-
rary, accelerated rehabilitation programs.21,90,112,157,198,263,250,308

After graft fixation and prior to closure, the knee is moved
through the ROM to check the graft’s integrity and the ten-
sion on the graft during movement. As with graft placement,
proper graft tension at the time of fixation has a direct effect
on postoperative joint mobility and stability. Too little tension
can result in excessive knee laxity and potential instability, and
too much tension can limit knee ROM.20 After the incision is
closed, a small compression dressing is immediately placed
on the knee, and the knee may be immobilized for protection.

Complications
There are a number of intraoperative and postoperative com-
plications that can compromise outcomes after ACL recon-
struction (see Boxes 21.8 and 21.9). Even minor technical
errors during reconstruction can adversely affect function. As
discussed in the previous section, inappropriate placement of
the graft or bone tunnels, problems with graft harvesting such
as inadequate graft length, and improper graft tension can ad-
versely affect joint stability and mobility.1,261 Insufficient graft
length occurs more frequently during hamstring than patellar
tendon graft harvesting. If graft fixation is insufficient, graft
slippage and early failure can occur.261,263 With a bone-patellar
tendon-bone graft, a bone plug can fracture during harvesting
or implantation, necessitating an alternative autograft or an
allograft.261

Potential postoperative complications are knee pain, loss
of motion, persistent strength deficits, and inadequate joint
stability.1,191,261 Anterior knee pain at the patellar tendon graft
donor site or at the patellofemoral joint is common and may
affect functional activities. A neuroma of the infrapatellar
branch of the saphenous nerve can cause significant knee pain
during kneeling.

Loss of full knee extension and persistent quadriceps weak-
ness are recognized as significant complications after ACL re-
construction, particularly if full extension is not achieved
preoperatively.170 Permanent damage to the extensor mecha-
nism is possible after patellar tendon graft harvesting, leading
to quadriceps weakness or even patellar tendon rupture in
rare instances. Limited ROM of the knee may have been pres-
ent prior to surgery or may develop after surgery possibly
from scar tissue in the intercondylar notch that will then re-
quire arthroscopic notchplasty. Loss of patellar mobility may
also be a source of limited knee ROM. 

 FOCUS ON EVIDENCE
McHugh and associates175 evaluated 102 patients (age 31 
± 1 year) within 2 weeks and 6 months after primary ACL 
reconstruction to determine preoperative indicators of 

postoperative knee extension motion loss and quadriceps
weakness. They found that patients with loss of knee exten-
sion preoperatively were more likely to have limited knee ex-
tension postoperatively. However, a preoperative quadriceps
muscle strength deficit did not predict postoperative quadri-
ceps weakness 6 months after surgery.

Lastly, graft failure and the need for revision reconstruc-
tion may occur even in the absence of risk factors related to
surgical technique. Graft failure is most likely to occur during
the early months after surgery,83 and the most common cause
of graft failure is poor adherence to postoperative rehabilita-
tion, in particular prematurely returning to high-risk, high
joint-load activities.1,83,261

Postoperative Management
Advances in surgical techniques and a better understanding of
graft healing and the impact of stress on the healing graft, early
postoperative motion and weight bearing—often referred to as
“accelerated rehabilitation”—has become the standard of care
after primary ACL reconstruction with an autogenous graft for
the active, typically young patient.21,36,90,112,157,198,222,225,265,266,308

Accelerated rehabilitation is based on the premise that a pre-
cisely placed and appropriately tensioned graft not only is
strong enough to withstand the stresses of early motion and
weight bearing, but is subjected to favorable healing conditions
in response to these stresses.20,36,265,266,250,308

Table 21.5 outlines a contemporary, accelerated program
following primary ACL reconstruction. The sequence of goals
and interventions identified in Table 21.5 and described in the
phases of rehabilitation that follow reflects guidelines common
to a number of published programs.21,36,90,112,159,181,198,222,225,

243,245,250,265,288,308

NOTE: It is important to recognize that although the descriptor
“accelerated” is used frequently in the literature to characterize
current-day rehabilitation after primary ACL reconstruction, there
is no consensus on the initiation, progression, or duration of post-
operative exercise, weight bearing, and other interventions.

Immobilization and Bracing
The rationale for a brief period of immobilization and using a
brace in the early phase of rehabilitation after ACL reconstruc-
tion is to protect the graft from excessive strain and prevent the
loss of full knee extension.20,244,314 However, with advances in
graft fixation, the use of immobilization and protective bracing
are no longer universally recommended.20,21,222,265,308

Decisions about immobilization and postoperative bracing
are based on many factors. These include the surgeon’s phi-
losophy, the type of graft used, intraoperative observations
about the quality of fixation, comorbidities and concomitant
surgical procedures, and an assessment of the patient’s ex-
pected level of adherence to a postoperative rehabilitation
program.112,225

Types of postoperative bracing. Bracing the knee after ACL
reconstruction falls into two broad categories: rehabilitative
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TABLE 21.5 ACL Reconstruction: Interventions for Postoperative Rehabilitation

Phase and General Maximum Protection Moderate Protection Minimum Protection 
Time Frame Phase: Day 1–Week 4 Phase: Weeks 4–10 Phase: Weeks 11–24

Patient presentation

Key examination procedures

Goals

Interventions

■ Pain and hemarthrosis
■ Decreased ROM
■ Diminished voluntary

quadriceps activation
■ Ambulation with crutches
■ Use of protective bracing

(if prescribed)

■ Pain scale
■ Joint effusion—girth
■ Ligament stability—joint

arthrometer (days 7–14)
■ ROM
■ Patellar mobility
■ Muscle control
■ Functional status

■ Protect healing tissues
■ Prevent reflex inhibition of

muscle
■ Decrease joint effusion
■ ROM 0°–110°
■ Active control of ROM
■ Weight bearing: 75% to

weight bearing as
tolerated

■ Establish home exercise
program

Weeks 0–2
■ PRICE: (protective bracing,

rest, ice, compression,
elevation)

■ Gait training: crutches,
partial weight bearing to
WBAT

■ PROM/A-AROM (range-
limiting brace, if
prescribed

■ Patellar mobilization
(grades I/II)

■ Muscle setting,
isometrics: quadriceps,
hamstrings, adductors at
multiple angles (may
augment with E-stim)

■ Pain controlled
■ Joint effusion controlled
■ Full or near full knee ROM
■ Fair plus to good muscle

strength (3+/5 to 4/5)
■ Muscular control of joint
■ Independent ambulation

■ Pain scale
■ Effusion—girth
■ Ligament stability—joint

arthrometer
■ ROM
■ Patellar mobility
■ Muscle strength testing
■ Functional testing

■ Full, pain-free ROM
■ 4/5 muscular strength

(MMT)
■ Dynamic control of knee
■ Improved kinesthetic

awareness
■ Normalize gait pattern

and ADL function
■ Adherence to home

program

Weeks 5–6
■ Multiple-angle isometrics
■ Closed-chain

strengthening and PRE
■ LE stretching program
■ Endurance training (bike,

pool, elliptical trainer)
■ Proprioceptive training in

single-leg stance: balance
board, BOSU

■ Stabilization exercises,
elastic bands, band
walking

Weeks 7–10
■ Advance strengthening

(include PNF), endurance,
and flexibility exercises

■ No joint instability
■ No pain or swelling
■ Full knee ROM
■ Muscle function: 75% of

noninvolved extremity
■ Symmetrical gait
■ Unrestricted ADL
■ Possible use of functional

brace or sleeve

■ Ligament stability—joint
arthrometer

■ Muscle strength testing
■ Functional testing
■ Full clinical examination

■ Increase muscle strength,
endurance, and power

■ Improve neuromuscular
control, dynamic stability,
and balance

■ Regain cardiopulmonary
endurance

■ Transition to maintenance
program

■ Regain ability to function
at highest desired level

■ Reduce risk of re-injury

Weeks 11–24
■ Continue LE stretching
■ Advance PRE/initiate

isokinetic training (if
desired)

■ Advance closed-chain
exercise

■ Initiate plyometric drills:
bounding, jumping

■ Initiate plyometric drills
(bouncing, jumping rope,
box jumps: double-/
single-leg)

■ Advance proprioceptive
and balance training

Continued
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bracing and functional bracing.20,244,314 Rehabilitative bracing
uses a hinged orthosis with a locking mechanism that can re-
strict the allowable ROM. It is typically only worn for the first
6 weeks following surgery. In contrast, a functional brace is
worn when returning to high-demand sports or work-related
activities to potentially reduce the risk of re-injury.

Brace use and initiation and progression of knee ROM.
If a rehabilitative brace is prescribed after surgery, it may be
locked initially to maintain the knee in full extension. If
locked in full extension for a short period of time, the brace
is unlocked for exercise as soon as ROM is permitted. It is
worn throughout the day for a few weeks to 6 weeks20 and is
sometimes worn during sleep for protection during the first
postoperative week.225 The brace is also locked in full exten-
sion during ambulation with crutches to prevent graft injury
in the event of a fall.112,157,225,265,308 When ROM is initiated,
the rehabilitative brace can be set to incrementally progress
the range of knee flexion that is allowed during exercise and
functional activities.

CLINICAL TIP
Guidelines for the duration of immobilization in extension and
the initiation and progression of knee ROM vary some-
what.7,20,21,112,191,198,222,225,265,308 The literature supports the ini-
tiation of immediate or at least early knee motion (within the
first week after primary, isolated ACL reconstruction) to reduce
pain and adverse effects on articular cartilage and soft tissues
surrounding the joint and improve ROM outcomes.20,36,159

Full, active knee extension and 90° to 110° of flexion ROM
is expected by 4 to 6 weeks postoperatively. The patient is

weaned from brace use at about 6 weeks postoperatively if full
extension has been achieved. Depending on the stability of
the knee, the protective brace may need to be worn longer in
some cases. These timelines are progressed more slowly when
ACL reconstruction is combined with another procedure,
such as a collateral ligament, meniscus, or articular cartilage
repair.222

Some patients are advised to wear a functional brace dur-
ing the advanced phases of rehabilitation and when partici-
pating in high-demand sports or heavy manual labor after
rehabilitation is completed. However, the effectiveness of
functional bracing after ACL reconstruction is unclear be-
cause the literature contains conflicting evidence.159

Despite the widespread use of protective bracing following
ACL reconstruction, the literature provides a critical analysis
of its efficacy during early rehabilitation and when returning
to high-risk activities.

 FOCUS ON EVIDENCE
The literature reflects a common belief that protective bracing
during early recovery and when returning to activities following
ACL reconstruction leads to improved outcomes by decreasing
pain, joint swelling, and wound drainage by improving knee
extension and by protecting the graft from excessive strain and
the risk of re-injury. However, a recent systematic review by
Wright and Fetzer314 of 12 level I randomized, controlled trials
determined that there is insufficient evidence to support the
effectiveness of bracing. All but one of these studies evaluated
bracing during early rehabilitation. The review indicated no
significant differences between groups who did and did not use
protective bracing during early recovery in outcomes such as
postoperative pain, anterior-posterior knee stability, ROM, and
functional testing. No conclusions could be drawn about the
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TABLE 21.5 ACL Reconstruction: Interventions for Postoperative Rehabilitation—cont’d

Phase and General Maximum Protection Moderate Protection Minimum Protection 
Time Frame Phase: Day 1–Week 4 Phase: Weeks 4–10 Phase: Weeks 11–24

■ Assisted SLRs—supine
■ Ankle pumps
Weeks 2–4
■ Continue as above
■ Progress to full weight

bearing; begin closed-
chain squats; heel/toe
raises

■ SLRs in four planes
■ Low-load PRE: hamstrings
■ Open-chain knee

extension (range 90°–40°)
■ Trunk/pelvis stabilization
■ Aerobic conditioning:

stationary cycle

■ Proprioceptive training:
high speed stepping 
drills, unstable surface
challenge drills, balance
beam

■ Initiate a walk/jog
program at the end 
of this phase

■ Progress agility drills
(figure-eight, skill-specific
patterns)

■ Simulated work or sport-
specific training

■ Transition to full-speed
jogging, sprints, running,
and cutting

5850_Ch21_769-848  24/08/17  10:51 AM  Page 816



effectiveness of functional bracing to prevent re-injury during
high-demand activities because of low re-injury rates in the
study that evaluated this outcome. The overall conclusion of
the review was that the available evidence does not support the
routine use of protective bracing after ACL reconstruction.

Weight-Bearing Considerations
Early weight bearing is possible after primary ACL reconstruc-
tion with a bone-patellar tendon-bone or hamstring tendon
autograft because of advances in graft fixation. Recommenda-
tions for the period of protected weight bearing immediately
after surgery range from some degree of restricted weight bear-
ing the first 2 weeks to weight bearing as tolerated with use of
two crutches immediately after surgery.21,71,157,198,222,250,265,294,308

Weight bearing is increased during the next 2 to 3 weeks based
on the patient’s symptoms. A longer duration of protected
weight bearing will be required when other structures in the
knee have been injured and/or repaired.308

Full weight bearing and ambulation without crutches, with
or without an unlocked protective brace, is usually permitted
by 4 weeks if weight bearing is pain free and the patient has
achieved full, active knee extension and sufficient strength of
the quadriceps to control the knee.21,112,191,198,225

Weight-bearing recommendations do not appear to be
based on the type of graft or graft fixation used or whether
protective bracing is worn but rather are determined on an
empirical basis. The few randomized studies that have evalu-
ated the effects of immediate and delayed weight bearing dur-
ing the first few weeks after surgery indicate that both produce
similar outcomes.20

 FOCUS ON EVIDENCE
Tyler and colleagues295 compared the effects of immediate versus
delayed weight bearing during the first 2 weeks after ACL re-
construction with a bone-patellar tendon-bone graft in 49 pa-
tients. An immediate weight-bearing group was advised to bear
weight as tolerated and discontinue crutch use as soon as they
felt comfortable doing so while the delayed weight-bearing
group was advised not to wear a shoe on the operated side and
remain nonweight bearing during ambulation with crutches for
the first 2 weeks. After that, there were no restrictions placed on
the progression of weight bearing. Neither group wore protec-
tive bracing. With the exception of weight-bearing status, the
rehabilitation program for all patients was the same.

At a mean of 7.3 months postsurgery, there were no sig-
nificant differences between groups with respect to knee
ROM, knee stability, VMO activation, or overall function.
However, patients in the immediate weight-bearing group
had a lower incidence of anterior knee pain than the patients
in the delayed weight-bearing group (8% and 35%, respec-
tively). The investigators concluded that immediate weight
bearing did not compromise knee joint stability or function

and was beneficial in that it resulted in a lower incidence of
postoperative anterior knee pain. 

Exercise Progression
A progression of carefully selected exercises and functional
activities coupled with patient education is a foundation of
rehabilitation following ACL injury and reconstruction.

Preoperative exercise. Because surgery is typically delayed
until acute symptoms have subsided, there is ample time to
implement a preoperative exercise program to restore full knee
ROM, particularly extension; prevent atrophy and weakness
of leg musculature; and address the strength and flexibility of
hip and ankle muscles.59,107,190,225,265,308

Postoperative exercise progression. After ACL reconstruc-
tion, exercise begins immediately on the first postoperative
day. Use of strong grafts, such as bone-patellar tendon-bone
and quadrupled hamstring autografts, and reliable graft fix-
ation make early motion possible.21,112,198,222,225,265,308

Sometimes CPM is used while a patient is hospitalized or
when at home after discharge. Although a valid mechanism
for controlling postoperative pain and initiating early mo-
tion,171,265 it is being used infrequently for postoperative
care.112 Two recent systematic reviews indicate no additional
long-term benefit of CPM after ACL reconstruction.274,315

CLINICAL TIP
Be mindful that a tendon graft goes through a necrotizing
process the first 2 to 3 weeks postoperatively before revascu-
larization commences and maturation gradually oc-
curs.20,81,138,140 Exercises must be progressed cautiously during
each phase of rehabilitation, even during accelerated pro-
grams. If protective bracing has been prescribed, exercises are
carried out while wearing the brace.

The rate of progression of exercise and functional training
after ACL reconstruction depends on many factors. Patient-
related factors such as age and preinjury health status affect
the healing process, enabling younger, healthier patients to
progress more rapidly. The type of graft and graft fixation also
may influence the exercise progression. Some resources ad-
vocate more rapid progression of exercise for bone-to-bone
fixation with a patellar tendon graft than for tendon-to-bone
fixation with a quadrupled hamstring graft, suggesting that
bone-to-bone healing may be faster than soft tissue-to-bone
healing.112,225,308 In contrast, others advocate the same accel-
erated program for both procedures.71,250,263 If concomitant
injuries are present or were managed surgically, the progres-
sion of exercises is more gradual than after isolated ACL injury
and reconstruction.222

Exercises for progressive phases of rehabilitation after
ACL reconstruction, summarized in Table 21.5, are described
in the following sections. Exercise precautions are noted in
Box 21.10.21,90,112,175,198,222,245,265,275,304,308
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Exercise: Maximum Protection Phase
During the early postoperative period, a delicate balance exists
between adequate protection of the healing graft and the donor
site with the prevention of adhesions, contractures, articular
degeneration, muscle weakness, and atrophy associated with
immobilization. Early motion generates stresses that benefit the
graft but must be carefully controlled to avoid excessive tension
on the graft during the first 6 to 8 weeks after implantation.

The following goals and exercise interventions are empha-
sized during the first 4 weeks after surgery when considerable
protection of knee structures is warranted.21,112,157,159,175,198,

222,225,265,308

Goals. Immediately after surgery through the first few post-
operative weeks, in addition to controlling pain and swelling
and initiating ambulation with crutches, exercise goals are to
prevent reflex inhibition of knee musculature, prevent adhe-
sions, restore knee mobility, regain kinesthetic awareness and
neuromuscular control of the lower extremity, and improve
strength and flexibility of hip and ankle musculature.

The goal for knee ROM is to achieve 90° of flexion and full
passive extension by the end of the first 1 to 2 weeks as joint
swelling subsides and to reach 110° to 125° of flexion by 3 to
4 weeks.

Interventions. Pain, joint swelling, and peripheral edema
are controlled in a standard manner. Exercises begin the day
of or the day after surgery with an emphasis on (1) preventing
vascular complications (DVTs), (2) activating knee muscula-
ture, and (3) reestablishing knee mobility. Patient education
during the first phase of rehabilitation supports these inter-
ventions through the home exercise program.

CLINICAL TIP
It is important to activate and strengthen the quadriceps
early in the rehabilitation process to reestablish dynamic
knee extension control, particularly for safe weight-bearing
activities. However, it is equally important to activate 
and strengthen the hamstrings as they provide a dynamic
restraint to limit anterior translation of the tibia on the
femur.

When a protective brace has been prescribed, weight-bearing
exercises are performed while in the brace. Low-intensity
closed-chain exercises and proprioceptive/neuromuscular
control training are initiated as soon as weight bearing is per-
missible. The value of early closed-chain/weight-bearing ex-
ercises and proprioceptive/neuromuscular control training
for quadriceps control after ACL reconstruction is supported
by many studies and is discussed in the exercise section of this
chapter.11,36,59,112,121,157,181,198,243,245,265,250,308

The following exercises are advocated for the maximum
protection phase:21,90,112,157,157,175,181,198,222,225,243,245,265,304,308

■  Ankle pumping exercises. Perform ankle pumping frequently
throughout the day to reduce DVT risk.

■  Voluntary isometric and dynamic activation of knee 
musculature.
■ Begin muscle setting of quadriceps, hamstrings, and hip

abductors, adductors, and extensors within the patient’s
comfort level. An isometric quadriceps contraction with
the knee in full extension generates little to no anterior
translation of the tibia on the femur because the knee is
in a closed-pack position.

■ Use electrical stimulation or biofeedback to augment
quadriceps activation. A recent literature review con-
cluded that neuromuscular electric stimulation may be
more effective in improving quadriceps strength than
exercise alone. However, there were no differences found
in long-term functional performance.141

■ Perform four-position SLRs, first with assistance, then
progress to active hip motions with the knee maintained
in extension. Add external resistance when the patient is
able to maintain knee extension control during hip
movements.

■ When knee movement is permissible, initiate low-intensity,
multiple-angle isometrics of the knee musculature with
emphasis on quadriceps control and co-contraction of
the quadriceps and hamstrings.

818 Ligament Injuries: Surgical and Postoperative Management

BOX 21.10 Exercise Precautions After ACL
Reconstruction

Resistance Training—General Precautions
■ Progress exercises more gradually for reconstruction with

hamstring tendon graft than bone-patellar tendon-bone
graft.

■ Progress knee flexor strengthening exercises cautiously if a
hamstring tendon graft was harvested and knee extensor
strengthening if a patellar tendon graft was harvested.

Closed-Chain Training
■ When squatting in an upright position, be sure that the

knees do not move anterior to the toes as the hips descend
because this increases shear forces on the tibia and could
potentially place excess stress on the autograft.

■ Avoid closed-chain strengthening of the quadriceps
between 60° to 90° of knee flexion.*

Open-Chain Training
■ During PRE to strengthen hip musculature, initially place

the resistance above the knee until knee stability and
control is established.

■ Avoid resisted, open-chain knee extension (short-arc
quadriceps training) between 45° or 30° to full extension
for at least 6 weeks or as long as 12 weeks.*

■ Avoid applying resistance to the distal tibia during
quadriceps strengthening.*

*Contraction of the quadriceps in these positions and ranges
causes the greatest anterior tibial translation and can create
potentially excessive stress to the graft during the early stage 
of healing.67,101,304,308
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■ Consider low-intensity, eccentric quadriceps training be-
tween 20° and 60° on a motorized, eccentric ergometer,
if available. Negative work training, if progressed grad-
ually, has been shown to be safe when initiated as early
as 3 weeks after ACL reconstruction.90

■ To activate the hamstrings dynamically, include supine
heel-slides to a comfortable level of hip and knee flexion,
standing knee flexion (hamstring curls without resistance
added), and scooting forward while seated on a rolling
stool.

PRECAUTION: Postpone dynamic activation of the knee flexors
if a hamstring graft was used for reconstruction (see Box 21.10).

■  ROM and patellar mobility.
■ Begin ROM in a protected range. Include therapist-

controlled PROM or A-AROM within the patient’s 
comfort level.

■ Include patellar mobilization to prevent adhesions.
■ To increase passive knee extension, have the patient as-

sume a supine or long-sitting position and prop the heel
on a rolled towel or bolster with the knee unsupported
(see Fig. 21.18).

■ To increase knee flexion, include supine, gravity-assisted
wall slides (see Fig. 21.19) or dangle the leg while sitting
on the side of a bed.

■ Stretch hip and ankle musculature if flexibility is limited.
■  Neuromuscular control/responses, proprioception, stability,

and balance.
■ Begin neuromuscular training with trunk and lower ex-

tremity stabilization exercises in bilateral stance. Have
the patient wear a protective brace locked in extension,
if prescribed. Distribute weight equally on both lower
extremities, and support some weight through the upper
extremities. Have the patient maintain a stable, well-
aligned position and apply alternating resistance with
varying directions and speeds to the pelvis.

■ Progress training with weight-shifting activities and bilat-
eral minisquats in the 0° to 30° range and with stepping
and marching movements. Gradually decrease upper ex-
tremity support. When the knee is pain free and full
weight bearing is possible, progress to unilateral stabiliza-
tion activities.

■ Perform nonresisted, multijoint movements, such as 
stationary cycling and exercise on a seated leg press 
machine or in a semireclining position on a Total Gym®
unit, at 3 to 4 weeks. If incision healing allows, begin 
exercises in a pool.

Criteria to progress to next phase. Criteria include:

■  Minimal pain and swelling
■  Full, active knee extension (no extensor lag)
■  At least 110° knee flexion
■  Quadriceps strength at least 50% to 60% of contralateral

side (measured isometrically at 60°)
■  No evidence of excessive joint laxity (determined by

arthrometric measurements)

Exercise: Moderate Protection/Controlled 
Motion Phase
The moderate protection phase begins about 4 to 5 weeks
postoperatively or when identified criteria have been met and
extends to about 10 to 12 weeks postoperatively. The emphasis
of this phase is to achieve full knee ROM; increase strength,
dynamic stability, and endurance; and to normalize gait and
neuromuscular control/response time and balance in prepa-
ration for a transition to functional activities. A protective
brace may be worn for gait and most exercises until about 
6 weeks when brace use is gradually discontinued.

CLINICAL TIP
By 8 to 10 weeks graft revascularization is becoming well estab-
lished and exercises can be performed more vigorously while
continuing to closely monitor the patient’s response.81,138,140

Goals. Rehabilitation goals during the intermediate phase are
to attain full ROM (full knee extension and 125° to 135° flexion);
improve lower extremity strength and muscular endurance; 
ambulate without assistive device or protective brace using a
normal gait pattern; continue to improve neuromuscular 
control/response time, proprioception, and balance; and regain
cardiopulmonary fitness.

Interventions. Include and progress the following interventions
during the moderate protection phase:21,90,112,157,157,175,181,198,225,

243,245,265,308

■  ROM and joint mobility.
■ Continue low-intensity, end-range self-stretching to gain

full knee ROM.
■ Use grade III joint mobilization techniques to restore full

knee flexion.
■ Continue flexibility exercises for hip and ankle mus-

culature, especially the hamstrings, IT band, and 
plantarflexors.

■  Strength and muscle endurance.
■ Continue closed-chain exercises against body weight re-

sistance (bridging, wall slides, partial squats, straight-line
lunges, step-ups/step-downs, heel raises).

■ Progress from double-leg to single-leg exercises.
■ Initiate open-chain hip extension and abduction and knee

extension/flexion against light-grade elastic resistance in
appropriate portions of knee ROM (see Box 21.10). 
The literature supports both closed-chain and open-
chain training for ACL deficiency64,288 or following ACL
reconstruction.159

 FOCUS ON EVIDENCE
Although an emphasis has been placed on closed-chain
strengthening during the past few decades,36 recent studies
also demonstrate the value in including both open- and
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closed-chain exercises in an ACL rehabilitation program.181

Bynum and colleagues36 compared open- and closed-chain
rehabilitation after primary ACL reconstruction with a
bone-patellar tendon-bone autograft. When strengthening
exercises were initiated, one group followed an open-chain
regimen and the other a closed-chain regimen. One year
after surgery, patients in the closed-chain exercise group
had significantly less anterior knee pain, closer to normal
knee stability as measured by an arthrometer, earlier return
to functional activities, and greater overall satisfaction with
the outcome of the surgery compared with the open-chain
group.

A subsequent study by Mikkelsen and associates181

demonstrated that the addition of open-chain quadriceps
strengthening at 6 weeks postoperatively resulted in no sig-
nificant differences in anterior knee laxity between a group
that performed closed- and open-chain strengthening and
a group that performed only closed-chain strengthening. A
significantly higher proportion of participants who per-
formed the additional open-chain training returned to
sports at their pre-injury level, and did so on average 
2 months sooner, than those who trained with closed-chain
exercises only.

■  Neuromuscular control/responses, proprioception, and
balance.
■ Progress neuromuscular training with stabilization and

static and dynamic balance activities in bilateral stance,
progressing to unilateral stance on stable and then un-
stable surfaces. Focus on developing quick responses to
alternating resistance and unexpected perturbations in
varying directions.

■ Emphasis on hip and lumbopelvic stability as well as
awareness of proper lower extremity alignment and knee
control is crucial to correct pathomechanical alignment
or movements.233

■  Gait training. Practice ambulation in a controlled envi-
ronment without bracing or with the protective brace un-
locked and without crutches. Emphasize symmetrical
alignment, step length, and timing to reestablish a normal
gait pattern.

■  Aerobic conditioning. Continue stationary cycling, increas-
ing the duration and speed, or initiate a swimming or pool
walking/running program, treadmill walking, or use of an
elliptical trainer or stepping machine.

■  Activity-specific training. Integrate simulated functional
activities or components of activities into the exercise 
program.

Criteria to progress to next phase. Criteria to progress to
the advanced phases of rehabilitation include:

■  Absence of pain and joint effusion
■  Full, active knee ROM
■  At least 75% strength of knee musculature compared to the

contralateral side
■  Hamstrings/quadriceps ratio > 65%

■  Functional hop test > 70% of contralateral side
■  No evidence of knee instability on arthrometer readings or

clinical examination

Exercise: Minimum Protection/Return 
to Function Phase
The advanced phase of rehabilitation and preparation for a
return to a preinjury level of activity begins at about 10 to 
12 weeks postoperatively or when the patient has met speci-
fied criteria. Most post-ACL reconstruction rehabilitation
programs described in the literature continue until about 
6 months postoperatively.20,21,112,198, 222,225,308 The intensity
and duration of training are typically based on the patient’s
goals and the level of activity to which the patient wishes to re-
turn. Individuals involved in high joint-loading, work-related
activities, or competitive sports are advised to participate in a
maintenance exercise program.

Goals. From 12 to 24 weeks postoperatively, the aims are to
further increase strength, endurance, and power; further en-
hance neuromuscular control and agility; and participate in
progressively demanding functional activities. 

Interventions. Exercise interventions during the final phase
of rehabilitation include PRE with an emphasis on eccentric
training, advanced closed-chain strengthening (lunges, step-
ups, step-downs against elastic resistance); advanced neuro-
muscular, balance, and agility training with directional changes,
acceleration, and deceleration; plyometrics; and activity-specific
drills coupled with a gradual return to progressively de-
manding activities. Patient education emphasizing prevention
of re-injury continues throughout the advanced phases of re-
habilitation and as the patient returns to full activity. (Refer
to the exercise section of this chapter and to Chapter 23 for
examples of exercises and activities.)

A functional knee brace may be worn to reduce the risk of
re-injury during high-demand activities, particularly those
that involve turning, twisting, cutting, or jumping motions.
As noted previously in this section, conflicting evidence exists
for the use of functional bracing following ACL reconstruc-
tion.159 For additional information on efficacy of functional
bracing, refer to the section on Outcomes.

Return to activity. Recommended timelines for returning to
vigorous activities, including competitive sports, range from
6 months to a year after surgery.21,250,263 Criteria to return to a
preinjury level of activity must be individualized for each pa-
tient and are contingent on clinical examination findings, par-
ticularly quadriceps strength, knee stability, and the expected
work, recreational, or sports-related demands. Box 21.11 iden-
tifies criteria, suggested by several sources,107,148,157,198,250,304,308

that should be met prior to a return to high-risk, high joint-
loading activities.

Outcomes
ACL reconstruction followed by a carefully progressed post-
operative rehabilitation program is a reliable means of reestab-
lishing knee stability. Long-term success rates following ACL
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reconstruction range from 82% to 95%, and graft failure lead-
ing to recurrent instability occurs in approximately 8% of 
patients.2 However, outcomes are predicated on numerous 
factors, including the patient’s age, sex, overall health status,
and preinjury activity level; the presence or absence of injuries
associated with the ACL injury; the surgical procedure; post-
operative complications; and the patient’s adherence to the re-
habilitation program. The effects of several of these variables
are addressed in this section.

Graft selection and outcomes. Numerous prospective and
retrospective studies have been conducted comparing the 
effects of graft selection on outcomes. Bone-patellar tendon-
bone and hamstring tendon autografts are studied most often.
An extensive review and analysis of the literature revealed that
although both types of grafts have their merits and limitations
(summarized in Boxes 21.9 and 21.10), long-term (2 years or
more) functional outcomes are essentially the same.268

Approaches to rehabilitation. There are few studies that have
evaluated the effects of postoperative exercise program variables
such as the components and rate of progression of rehabilitation
and the degree of supervision. Neuromuscular training is one
ACL postoperative rehabilitation component that has been
studied. Risberg and colleagues243 compared a program of neu-
romuscular training to a traditional strength-training program
over a 6-month period after ACL reconstruction and showed

that the neuromuscular training group had significantly better
scores on selected functional tests than the traditional strength-
training group. There were no significant between group differ-
ences in knee pain, joint laxity, proprioception, or knee muscle
strength. Although the study did not include a long-term fol-
low-up, the investigators concluded that neuromuscular train-
ing is an important component of rehabilitation following ACL
reconstruction.

Beynnon and coinvestigators21 compared outcomes be-
tween accelerated (19 weeks) and nonaccelerated (32 weeks)
rehabilitation programs following ACL reconstruction with
bone-patellar tendon-bone autografts. The two programs
contained the same rehabilitation components but were 
implemented over two different timelines. At 24 months
postoperatively, there were no significant between group dif-
ferences in knee laxity, functional testing, patient satisfac-
tion, or activity level.

The effect of supervision during rehabilitation has also
been studied. Specifically, home-based rehabilitation with
limited therapist supervision has been compared with clinic-
based rehabilitation with therapist supervision throughout
the program. Two literature reviews report that, for the most
part, these two approaches produced similar outcomes.20,315

Importantly, all participants in these studies had some direct
instruction and supervision from a therapist. The reviewers
emphasized the importance of therapist-directed assessments
and initial instruction in an exercise program and recom-
mended periodic, rather than continuous, supervision over
the course of rehabilitation.

Functional bracing. The effect of functional bracing during
the intermediate and advanced phases of rehabilitation and
its use during high-risk sports after completion of rehabilita-
tion is unclear. Risberg and colleagues244 prospectively in-
vestigated 60 patients randomly assigned to a braced or a
nonbraced group. After ACL reconstruction with a patellar
tendon autograft, patients in the braced group wore a protec-
tive brace for 2 weeks and then wore a functional brace for an
additional 10 weeks. At the conclusion of rehabilitation, the
braced group was advised to wear the functional brace for all
high joint-loading activities. The nonbraced group had no
brace at any time during or after rehabilitation. Both groups
underwent the same rehabilitation program and patient 
education. At a 2-year follow-up, there were no significant 
differences between groups for knee ROM, knee joint laxity,
muscle strength, functional testing, or ACL re-injury rates.
These results are similar to those of a more recent study by
McDevitt and associates,173 who found that wearing an “off-
the-shelf” functional brace for 1 year after ACL reconstruc-
tion during all high-demand activities (jumping, pivoting,
and cutting) had no significant impact on knee function or
re-injury.

Sterret and colleagues284 also investigated the role of func-
tional bracing in preventing re-injury in patients returning to
downhill skiing after ACL reconstruction. Investigators
prospectively evaluated 820 skiers who had undergone ACL
reconstruction with a patellar tendon autograft at least 2 years
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BOX 21.11 Criteria Used to Inform Decisions
About Return to High-Demand
Activities After ACL Reconstruction

■ No knee pain or joint effusion during final phase of
rehabilitation

■ Full, active knee ROM
■ Quadriceps strength > 85% to 90% of contralateral side 

or peak torque/body mass 40% and 60% for men and 
30% and 50% for women (tested at 300°/sec and 180°/sec,
respectively).

■ Hamstring strength 100% of contralateral side
■ Hamstring/quadriceps ratio > 70%
■ No postoperative history of knee instability/giving way
■ Negative pivot shift test
■ Knee stability measured by arthrometer: < 3 mm difference

between reconstructed and uninjured side
■ Proprioceptive testing: 100% 
■ Functional testing (a series of hop, jump, and/or squat tests):

> 85% or > 90% of contralateral side or normative values
■ Acceptable patient-reported score on comprehensive,

quantitative knee function measurement tool, such as the
International Knee Documentation Committee Subjective
Knee Form

■ Acceptable confidence and motivation based on
standardized outcome measures for psychological
variables such as kinesiophobia or emotional preparedness
for return to activities
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previously. Of the 820 post-ACL reconstruction skier/employees,
257 were considered at significant risk for re-injury of the
ACL based on the results of preseason screening. These in-
dividuals were given and advised to wear a functional knee
brace during skiing. The remaining 563 skier/employees
were not determined to be at significant risk for re-injury
and were not issued a functional brace. There were a total
of 61 ACL re-injuries: 51 in the nonbraced skiers and 10 in
the braced skiers. The nonbraced group was 2.74 times
more likely to sustain re-injury to the ACL than the braced
group. The authors recommend functional knee bracing
after recovery from ACL reconstruction for patients return-
ing to the high-risk sport of skiing regardless of their 
assessed risk of re-injury. 

Posterior Cruciate Ligament
Reconstruction
In contrast to ACL injury, injury of the PCL is relatively 
infrequent.312 When a PCL injury does occur, it usually is 
accompanied by damage to other structures of the knee.
There is general agreement that a PCL injury combined with
an injury to another ligament or knee structure usually 
warrants early surgical intervention.73,210,211

When an isolated PCL injury occurs, most patients re-
spond well to nonoperative management and are able to 
return to a preinjury level of activity. However, an increased
incidence of OA in the medial compartment of the knee
over time has been observed following a PCL injury.312

Motion analysis of the PCL-deficient knee has detected 
altered kinematics of the medial compartment of the knee,
specifically anterior subluxation of the medial femoral
condyle.156 These kinematic changes may explain the de-
generative changes observed in the PCL-deficient knee 
and lend support for managing the injury with surgical 
intervention.

Indications for Surgery
Although there is limited consensus, the most frequently cited
indications for surgical reconstruction of the PCL include the
following.5,43,73,211,271,312

■  Complete tear or avulsion of the PCL with posterolateral,
posteromedial, or rotary instability of the knee combined
with damage to another ligament and often the menisci or
articular cartilage

■  Isolated, symptomatic, grade 3 PCL tear with greater than
8- to 10-mm posterior tibial displacement compared with
the contralateral knee, resulting in instability during func-
tional activities

■  Persistent pain and instability after an unsuccessful
course of nonoperative treatment following an isolated
PCL injury

■  Chronic PCL insufficiency associated with posterolateral
instability, pain, limitations in functional activities, and 
articular surface degeneration

Procedures

Operative Overview
There are a number of arthroscopic, arthroscopically assisted,
or open procedures used for management of a torn or rup-
tured PCL. Although a tear mechanism that includes a bony
avulsion is occasionally managed with primary repair, recon-
struction is the much more frequent procedure.73 As with ACL
reconstruction, PCL reconstruction involves implantation of
a graft to replace the damaged ligament. Graft options using
single-bundle or double-bundle reconstruction include a
bone-patellar tendon-bone autograft, a hamstring or quadri-
ceps tendon autograft, an Achilles tendon or anterior tibialis
tendon allograft, or occasionally a synthetic graft.5,43,73,211,271,312

The operative procedure begins with diagnostic arthroscopy
followed by graft harvest. There are two methods of graft
placement—transtibial tunnel and tibial inlay.43 With the
arthroscopic transtibial technique, femoral and tibial tunnels
are drilled and prepared, and the graft is drawn through and
secured in the tunnels with bony or soft tissue fixation devices.
The tibial inlay technique can be performed as an open pro-
cedure through a posteromedial incision or less frequently as
an arthroscopic procedure. No significant differences in out-
comes have been identified following the transtibial versus the
open tibial inlay procedures.43

Graft placement must be precise to mimic the function of
the native PCL regardless of the method used. Prior to clo-
sure, the knee is flexed and extended to ensure that graft
placement and tension allow full ROM. After wound closure,
a sterile compression dressing is applied, and the knee is 
immobilized in full extension.

Complications
Because PCL reconstruction involves the posterior aspect of
the knee, there is risk of damage to the popliteal neurovascular
bundle, particularly while drilling the tibial bone tunnel. Post-
operative bleeding can lead to compartment syndrome. If a
patellar tendon autograft was used, the patient may experience
anterior knee pain and pain during kneeling. Knee flexion mo-
tion can become limited postoperatively. As with any ligament
reconstruction, graft failure can occur, leading to joint insta-
bility and the need for revision reconstruction.43,73

Postoperative Management

Immobilization, Protective Bracing, 
and Weight Bearing
The knee is immobilized in a hinged, range-limiting protec-
tive brace locked in full extension following surgery. The im-
mobilizer is worn during the day and even during sleep for
the first 4 to 8 weeks to prevent posterior displacement of the
tibia as the result of gravity or sudden contraction of the knee
flexors. It may be unlocked or removed for therapy 1 day to a
week after surgery and removed after the first postoperative
week for bathing.5,43,73,210,211,312 The protective brace remains
locked in extension during weight bearing and ambulation
for an extended period of time.
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 FOCUS ON EVIDENCE
In theory, protective bracing is prescribed following PCL re-
construction to prevent posterior tibial translation that could
disrupt the graft in the early stage of healing. However, a 
recent literature review indicates that there is no evidence to
support this assumption.159

In contrast to weight bearing after ACL reconstruction,
weight bearing is progressed more gradually after PCL sur-
gery.43,73,210,211,312 The time frames for initiating and progress-
ing weight bearing range from partial weight bearing (about
30%43) immediately after surgery using two crutches and
wearing the protective brace locked in extension51,210,211 to
nonweight bearing for a week to 5 weeks postoperatively.73,312

Weight bearing is increased over several weeks while keeping
the brace locked in extension. As quadriceps control of full
knee extension improves and pain and joint effusion are well
controlled, the brace is unlocked, allowing movement in a
protected range during ambulation with crutches and weight-
bearing exercises.

Crutches are discontinued and full weight bearing with the
brace unlocked is permitted when the patient has met speci-
fied criteria (Box 21.12), typically by 8 to 10 weeks postoper-
atively.43,51,210,211 Brace use is discontinued gradually after
meeting these criteria.

Exercise Progression
Postoperative exercises during rehabilitation following PCL
reconstruction are similar to those performed after ACL re-
construction (see Table 21.5).43,51,73,210,211 The key differences
are that exercises are progressed more gradually, and those
that place posterior shear forces on the tibia are postponed
during the initial and intermediate phases of rehabilitation
when the graft is most vulnerable.

Strengthening the quadriceps is emphasized for knee con-
trol after PCL reconstruction because it acts as a dynamic re-
straint to posterior tibial translation. When resistance exercises
for hamstring strengthening are initiated during advanced re-
habilitation, they are adjusted based on the stability of the

knee. Box 21.13 summarizes precautions for exercise and func-
tional activities after PCL reconstruction.43,51,210,211

Exercise: Maximum Protection Phase
The emphasis during the first, maximum protection phase of
rehabilitation, which extends for 4 to 6 weeks, is to protect the
integrity of the graft while simultaneously beginning to regain
function, mobility, and quadriceps control.43,51,73,210,211

Goals. The goals during this phase of rehabilitation are to
control or reduce acute symptoms, prevent vascular compli-
cations, reestablish quadriceps control, maintain patellar mo-
bility, regain approximately 90° of knee flexion by 2 to 4 weeks
after initiating knee motion, begin to reestablish neuromus-
cular control and balance, improve strength and flexibility 
of the hip and ankle musculature if limited, and improve 
cardiopulmonary fitness.43,51,210,211

Interventions. Control pain and swelling using effective
methods such as cold, compression, and elevation. Immediately
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BOX 21.12 Suggested Criteria for Ambulation
Without Crutches After PCL
Reconstruction

■ Minimal to no pain or joint effusion
■ Full, active knee extension (no extensor lag) with a straight-

leg raise in the supine position
■ Passive and active knee flexion from 0° to at least 90°
■ Quadriceps strength: approximately 70% compared with

the contralateral side or at least 4/5 manual muscle test
grade

■ No gait deviations

BOX 21.13 Exercise Precautions After PCL
Reconstruction

General Precautions
■ Avoid exercises and activities that place excessive

posterior shear forces and cause posterior displacement of
the tibia on the femur, thus disrupting the healing graft.

■ Throughout the rehabilitation process, limit the numbers of
repetitions of knee flexion to minimize potential abrasion to
the PCL graft.

Early and Intermediate Rehabilitation
■ Begin exercise to restore knee flexion while in a seated

position, allowing gravity to passively flex the knee and the
hamstrings to remain essentially inactive.

■ During squatting exercises to increase quadriceps strength:
■ Avoid excessive trunk flexion, because it causes

increased activity in the hamstrings.
■ Avoid knee flexion past 60° to 70°, because it tends to

cause posterior translation of the tibia.
■ When performing open-chain exercises to strengthen hip

musculature, such as resisted SLRs in standing, place
resistance above the knee.

■ Postpone open-chain, active knee flexion against the
resistance of gravity (prone or standing) for 6 to 12 weeks.

Advanced Rehabilitation
■ Postpone resistance training for the knee flexors, such as

use of a hamstring curl machine, for 5 to 6 months.
■ When performing resisted hamstring curls, use low-loads.
■ Avoid downhill inclines during walking, jogging, or hiking.
■ Avoid activities that involve knee flexion combined with

rapid deceleration when one or both feet are planted.
■ Postpone returning to vigorous functional activities for at

least 9 to 12 months. 
■ Consider wearing a functional knee brace during high-

demand activities.
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after surgery, begin ankle-pumping exercises, patellar-gliding
techniques, quadriceps-setting exercises augmented by neuro-
muscular electrical stimulation, and four-position SLRs while
wearing the protective brace locked in full extension. Use an
upper extremity ergometer for aerobic conditioning. Establish
a home exercise program.

When knee motion is permitted, follow the exercise precau-
tions for early rehabilitation previously noted (see Box 21.13).
Begin multiple-angle isometrics of the quadriceps from full 
extension to 25° to 30° of flexion. Perform assisted knee exten-
sion, progressing to active knee extension while seated. To 
regain knee flexion, begin with gravity-assisted flexion in a
seated position. Hold the patient’s leg in full knee extension and
have the patient control leg lowering as gravity induces knee
flexion.

Begin trunk and lower extremity stabilization exercises and
heel raises in a supported standing position while following
weight-bearing restrictions and wearing the locked brace. When
it is permissible to unlock the protective brace, begin closed-
chain quadriceps strengthening in bilateral stance while holding
on to a stable surface for support. As with ACL reconstruction,
hip and lumbopelvic stabilization is critical to controlling knee
movements.233 Stretch the hip and ankle musculature, in 
particular the hamstrings, IT band, and plantarflexors.

Criteria to progress to next phase. Criteria to advance to
the intermediate phase of treatment include:43,51,210,211

■  Minimal joint swelling
■  Full, active knee extension (no extensor lag)
■  At least 100° of knee flexion
■  A grade of 3/5 quadriceps strength on manual muscle test
■  Knowledge of home program and exercise and activity 

precautions

Exercise: Moderate and Minimum Protection
Phases
Goals and interventions. As with early rehabilitation, the
goals and interventions during the intermediate and advanced
phases of rehabilitation following PCL reconstruction are
similar to those following ACL reconstruction (see Table 21.5).
However, the suggested timelines continue to be more extended,
particularly for hamstring strengthening.

The exercises and activities during the intermediate phase
of rehabilitation are essentially an extension of those initiated
during the first phase. By 9 to 12 weeks postoperatively, the
patient should have achieved full knee ROM (0° to 135°),
making it possible to discontinue use of the protective brace
if quadriceps control is sufficient.43,51,210,211

During the intermediate and advanced phases of rehabili-
tation, precautions to prevent excessive posterior translational
forces on the tibia during exercises and functional activities
continue (see Box 21.13). Strengthening continues to focus on
the quadriceps to reestablish full, active knee extension, while
also emphasizing the quadriceps, hip, and ankle musculature
for the return to functional weight-bearing activities.

Initiating resistance training to improve strength and mus-
cular endurance of the hamstrings depends on the posterior

stability of the knee. Strengthening of the knee flexors is typ-
ically delayed until 2 to 3 months postoperatively and then
progressed cautiously. Begin hamstring strengthening with
closed-chain exercises, such as bilateral bridging that pro-
gresses to unilateral. A recent literature review supports an
eccentric squat program following PCL reconstruction.159

Add open-chain hamstring strengthening (hamstring curls)
when posterior knee stability allows.

Advanced neuromuscular training with plyometrics, bal-
ance activities, and agility drills, plus progressive aerobic 
conditioning and activity-specific training, are critical for a
safe transition to a full level of functional activities. A full 
return to vigorous activities after PCL reconstruction may
take 9 months to a year.43,51,73,210,211

Meniscus Tears: Nonoperative
Management

Mechanisms of Injury
The medial meniscus is injured more frequently than the lat-
eral meniscus. Meniscal injuries may occur during femur on
tibia rotation during weight bearing when the foot is firmly
fixed on the ground, as when pivoting, getting out of a car, or
in many sport- or work-related activities. Medial meniscus
injuries often accompany ACL tears. Simple squatting or
high-force trauma may also cause a meniscus tear.

Common Impairments and Activity
Limitations
A meniscus tear can cause acute locking of the knee or
chronic symptoms with intermittent catching/locking. There
is joint swelling and some degree of quadriceps atrophy, with
pain along the joint line during forced hyperextension or
maximum flexion due to stress to the coronary ligament.142

When there is joint catching/locking, the knee does not fully
extend and there is a springy end feel with passive extension.
When the joint is swollen, there is usually end-range flexion
or extension motion limitation. The McMurray test or Apley’s
compression/distraction test may be positive.162

With an acute meniscus tear the patient may be unable
to bear weight on the involved side. Unexpected locking or
giving way during ambulation often occurs, causing safety
problems.

Management
■  Often the patient can actively move the leg to “unlock” the

knee, or the unlocking happens spontaneously.
■  Passive manipulative reduction of the medial meniscus

may unlock the knee (Fig. 21.16). 
■ Patient position and procedure: Supine. Passively flex the

involved knee and hip, and simultaneously rotate the
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tibia internally and externally. When the knee is fully
flexed, externally rotate the tibia and apply a valgus stress
at the knee. Hold the tibia in this position and extend
the knee. The meniscus may click into place. 

■ Once reduced, the knee may react as an acute joint 
lesion. If this occurs, treat as described earlier in the
chapter in the section on nonoperative management of
joint hypomobility.

■  After acute symptoms have subsided, exercises should be
performed in open- and closed-chain positions to improve
strength, endurance, and functional stability and to prepare
the patient for functional activities.

Meniscus Tears: Surgical and
Postoperative Management

With a significant meniscus tear or rupture or if nonoperative
management of a partial tear is unsuccessful, surgical inter-
vention may be necessary. Surgical procedures aim to retain
as much of the meniscus as possible to preserve the load
transmission and shock-absorbing functions of the tissue and
reduce tibiofemoral articular surface stresses.

Primary surgical options are partial meniscectomy and
meniscal repair, both of which are preferable to total meniscec-
tomy.285,292 The surgical approach used is influenced by the lo-
cation and nature of the tear, as well as the patient’s age and
level of activity. Tears located toward the vascularized perimeter
heal well, while tears extending into the less vascularized central
portion have marginal healing properties (Fig. 21.17).293 Age
and the patient’s activity level factor into the decision-making
process because it has been shown that removing even a 
portion of a meniscus increases the long-term risk of articular
degeneration.293

Partial meniscectomy is often used to manage complex,
fragmented tears and tears involving the central (middle
third), relatively avascular zone of a meniscus.292 In contrast,

peripheral tears are usually repaired rather than excised.293

However, the young or physically active older patient with a
central zone tear may also be good candidates for a re-
pair.111,203,204 If there is extensive damage to a major portion
of the meniscus and it is determined to be unsalvageable, total
meniscectomy remains the only surgical option.292

For the relatively young and/or active patient who previ-
ously underwent total meniscectomy and now is symptomatic
as the result of early osteoarthritic changes in the tibiofemoral
joint, a recently developed option—meniscal transplantation—
using human allograft tissue has become available.111,206,227 Al-
though this procedure is expected to fail in the long term with
only a 40% survival rate reported after 15 years, the short-term
benefits of symptom resolution and improved function is jus-
tified for this population.202

The progression of postoperative rehabilitation and the
time required to return to full activity after each of these pro-
cedures depends on the extent and location of the tear and the
type of surgical approach and procedure performed. Rehabil-
itation proceeds more conservatively after meniscus repair or
transplantation and after total meniscectomy than after a par-
tial meniscectomy. Any damage and repair or reconstruction
of other soft tissues of the knee will also affect the course and
progression of rehabilitation after surgery.

Meniscus Repair
Indications for Surgery
Repair of a torn meniscus is indicated in the following 
situations:111,203,292

■  A lesion in the vascular outer third of the medial or lateral
meniscus

■  A tear extending into the central, relatively avascular third
of the meniscus of a young (younger than age 40) or phys-
ically active older (older than age 50) individual

CONTRAINDICATIONS: Contraindications include the pres-
ence of a tear localized to the innermost, avascular third of the
meniscus, a tear with considerable tissue fragmentation, or a tear
that cannot be completely re-opposed during surgery.111
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FIGURE 21.16 Manipulative reduction of a medial meniscus. Inter-
nally and externally rotate the tibia during hip and knee flexion (not
shown); then laterally rotate the tibia and apply a valgus stress to the
knee during knee extension. The meniscus may click into place.

Anterior

Posterior

LateralMedial

FIGURE 21.17 Vascularity of the medial and lateral menisci. The pe-
ripheral zone (outer one-third) is highly vascular; the central one-third
is relatively avascular; and the inner one-third is avascular.
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Procedure

Operative Overview
Prior to the operative procedure, a comprehensive arthro-
scopic examination of the joint is performed to determine if
a meniscus tear is suitable for repair and to identify any con-
comitant injuries. The meniscus repair itself is performed
using an arthroscopically assisted open approach or a fully
arthroscopic approach.111,192,193,203 The determination of
which approach is used is primarily based on the location and
nature of the tear.292

There are several surgical procedures—referred to as 
inside-out, outside-in, or all-inside techniques—for meniscus
repair. The inside-out and outside-in techniques are arthro-
scopically assisted, with a portion of the procedure being 
performed through an incision at the posteromedial or pos-
terolateral aspect of the knee.192,203 The all-inside technique
is fully arthroscopic.193,293

Variations in fixation include suturing with nonabsorbable
or bioabsorbable sutures or the use of other devices such as
darts or staples. Of the many repair variations, the arthro-
scopically assisted, inside-out suture repair is most common
and considered by some in the orthopedic community to be
the “gold standard.”111,192,203,293

At the beginning of the procedure, small incision portals
are made and saline is arthroscopically introduced into the
joint to distend the capsule. After the joint is examined,
arthroscopic débridement is performed to remove all unstable
tissue fragments and prepare the torn meniscus for repair. The
repair procedure is performed endoscopically or through a
posteromedial or posterolateral incision. During the repair
the edges of the tear are closely approximated and sutured
every 3 to 4 mm to ensure complete closure with no gapping.
All sutures are tied with the knee fully extended or in 10° of
flexion to allow full extension postoperatively without causing
undue stress on the repaired meniscus. 

Several methods to improve healing by introducing
growth factors or endogenous blood to the tear site are also
used with meniscal repairs. Trephination (creating several
burr holes) or rasping of the tear surface to cause local bleed-
ing are two such methods. Similarly, a fibrin clot from the 
patients’ venous blood may be created and used to augment
healing.128 These clots are applied to the tibial joint surface at
the tear site prior to tightening the sutures and reduced failure
rates from 64% to 8% in one early study.114

After closure, a compression dressing is applied to control
postoperative joint effusion and the knee is immobilized.

NOTE: Detailed descriptions of medial and lateral meniscal 
allograft transplantation techniques are published in several 
resources.91,111,206,207,227

Complications
Complications specific to meniscus surgery include intraop-
erative damage to the neurovascular bundle at the posterior
aspect of the knee during the suturing process. With a medial
meniscus repair, there is a risk of damage to the saphenous
nerve; with a lateral meniscus repair, there is risk of damage

to the peroneal nerve. Postoperatively, these same nerves can
become entrapped by adherent scar tissue.192,292,293

A postoperative flexion contracture or extensor lag com-
promises knee alignment and stability during gait and func-
tional activities. The risk of failure of the repair is greatest
during activities that involve joint loading and knee flexion
beyond 45° and highest during the first few postoperative
months.179,285

Postoperative Management
Factors that influence the components and progression of
postoperative rehabilitation after meniscus repair are noted
in Box 21.14.51,111,179,203 Some variables permit relatively rapid
rehabilitation, whereas others necessitate a more cautious
progression. For example, exercise and weight bearing are
progressed more rapidly after repair of a peripheral zone tear
than after a central tear and after a single tear than after a
complex pattern tear.

Malalignment of the knee affects compressive forces on a
repaired meniscus and thus influences the progression of
weight bearing during ambulation and exercise. With varus
alignment, a repaired medial meniscus is subjected to in-
creased stress and increased risk of displacement during heal-
ing. In such a case, weight bearing must be progressed more
slowly than when there is normal knee alignment.51

NOTE: Although timelines vary somewhat in published post-
operative guidelines, the progression of exercises presented in
the following rehabilitation program is appropriate after isolated
meniscus repair in a stable knee. These same guidelines are ap-
propriate after meniscal transplantation, although the duration
of rehabilitation and protection of the transplanted meniscus is
extended.111,227 If a concomitant procedure such as ligament
reconstruction is performed, adjustments to protect the affected
structure will be necessary.

Immobilization, Protective Bracing, 
and Weight Bearing
Immobilization and protective bracing. The knee is main-
tained in full extension in the postoperative immobilizer and
then in a long-leg brace after the compression dressing is 
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BOX 21.14 Factors Influencing the Progression
of Rehabilitation After Meniscus
Repair

■ Location and size of the tear (i.e., the zone[s] affected and
their vascularity)

■ Type of tear (tear pattern and complexity)
■ Type of surgical fixation device used
■ Alignment of the knee joint (normal, varus, valgus)
■ Concomitant injuries (ligament, chondral defect) with or

without reconstruction or repair
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removed a few days after surgery.51,111,292 Occasionally, for
carefully selected patients with a peripheral zone repair, no
protective bracing is used after the postoperative dressing is
removed.192 Thigh-high compression stockings to control
swelling may be worn.

To protect the repaired meniscus during the first few post-
operative weeks, the range-limiting long-leg brace is worn
continuously (day and night) and locked in full extension.
The brace can be unlocked periodically during the day to ini-
tiate early ROM exercises and for bathing. Depending on the
site of the lesion and repair, flexion motion is kept between
0° to no more than 90° for 2 weeks or longer. Thereafter,
weekly 10° increases in flexion ROM are allowed until full
flexion has been achieved.111 The brace is unlocked through-
out the day as early as 2 weeks postoperatively if the patient
has achieved full knee extension.

After a central zone repair, the patient typically wears the
brace for about 6 weeks or until adequate quadriceps control
has been reestablished. After a meniscal transplant, the brace
may be worn even a few weeks longer.

Weight bearing. Following a peripheral zone repair, partial
weight bearing (ranging from 25% to 50%) during ambula-
tion with crutches and with the brace locked in full extension
is allowed during the immediate postoperative period (first 
2 weeks).111 The percent of body weight permitted during
weight bearing is lower and progressed more cautiously after
a central zone repair or meniscus transplantation. If quadri-
ceps control is sufficient, full weight bearing may be permitted
by 4 weeks after a peripheral repair111 and by 6 to 8 weeks after
a central repair or transplantation.51,111,179,206,227

 FOCUS ON EVIDENCE
A recent literature review compared outcomes of “standard”
with “accelerated” rehabilitation programs following meniscus
repairs.142 In the standard programs, knee ROM and weight
bearing were delayed for a period of time after surgery, whereas
in the accelerated programs, ROM and weight bearing as tol-
erated were permitted immediately after surgery. The review
found no deleterious effects from accelerated rehabilitation and
no significant differences in patient outcomes between the stan-
dard versus accelerated groups. Importantly, there were con-
flicting timeframes for the rate of progression of knee motion
and weight bearing across studies. Therefore, ROM and weight
bearing must be progressed gradually, regardless of the proce-
dure, and must be based on the patient’s signs and symptoms.

Exercise: Maximum Protection Phase
Exercises and gait training with crutches begin the first post-
operative day. A standard approach to control pain, joint effu-
sion, and vascular complications is used. Patient education
focuses on establishing a home exercise program and reinforc-
ing weight-bearing precautions. Exercise precautions are noted
in Box 21.15.51,111,179,292,293

Goals. During the first 4 weeks after surgery, exercise goals
are to regain functional ROM, prevent patellar restrictions,
reestablish control of knee musculature, restore postural sta-
bility, improve strength and flexibility of the hip and ankle,
and maintain cardiopulmonary fitness. By 4 weeks, the patient
should achieve full, active knee extension. Recommendations
for maximum flexion during the first 2 weeks vary from 60° to
90°.29,51,111,179,292 After 4 weeks, the patient should attain 120° of
knee flexion.111

Interventions. During the first 4 weeks after meniscus 
repair, the following interventions are included:29,51,111,179

■  Knee ROM. CPM may be prescribed at the surgeon’s dis-
cretion. The day after surgery, begin A-AROM and AROM
exercises of the knee within a protected range. Knee flexion
may be restricted by a hinged, range-limiting brace. Include
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BOX 21.15 Exercise Precautions After
Meniscus Repair*

General Precautions
■ Progress exercises and weight bearing more gradually after

central zone meniscus repairs or meniscus transplantations
than after peripheral zone repairs.

■ If the patient experiences a clicking sensation in the knee
during exercise or weight-bearing activities, report it
immediately to the surgeon.

Early and Intermediate Rehabilitation
■ Increase knee flexion gradually, especially after a central

zone repair.
■ If a stationary bicycle is used for cardiopulmonary

conditioning, set the seat height as high as possible 
to limit the range of knee flexion.

■ During weight-bearing exercises, such as lunges and squats,
do not perform knee flexion beyond 45° for 4 weeks or
beyond 60° to 70° for 8 weeks. Flexion beyond 60° to 70°
places posterior translation forces on a repaired meniscus,
increasing the risk of displacement during early healing.

■ Postpone use of a leg press machine until about 8 weeks.
Limit motion from 0° to 60°.

■ Avoid twisting motions during weight-bearing activities.
■ Postpone hamstring curls until about 8 weeks.

Advanced Rehabilitation
■ Do not perform exercises that involve deep squatting, deep

lunges, twisting, or pivoting for at least 4 to 6 months. (The
greater the flexion angle, the greater the stress on the
meniscus.)

■ Do not begin jogging or running program until 5 to 6 months.

Return to Activity
■ Refrain from recreational and sports activities that involve

repetitive, high joint compressions and shear forces.
■ Avoid prolonged squatting in full flexion.

*These precautions also are applicable after meniscus
transplantation, but time frames for the precautions are
extended.
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exercises such as gravity-assisted knee flexion in a sitting
position and with assistance, then progress to active heel
slides in a supine position.

■  Patellar mobility. Teach the patient grade I and II patellar
gliding exercises.

■  Activation of knee musculature.
■ Emphasize quadriceps control in full extension with

quadriceps-setting exercises, assisted SLRs in the
supine position, and assisted progression to active
open-chain knee extension/flexion in a sitting position
for concentric/eccentric quadriceps control. Augment
quadriceps activation with neuromuscular electrical
stimulation or biofeedback.

■ Perform hamstring-setting exercises and multiple-angle
isometrics.

■  Neuromuscular control/responses, proprioception, and
balance.
■ Begin balance training in a standing position within the

limits of weight-bearing restrictions and with the brace
locked in extension.

■ Emphasize trunk and lower extremity stabilization 
exercises.

■ When it is permissible to unlock the brace during care-
fully controlled weight bearing, initiate bilateral closed-
chain exercises, such as minisquats and standing wall
slides, initially limiting flexion to no more than 45°.

■  Flexibility and strength of the hip and ankle musculature.
■ Stretch the hamstrings and plantarflexors, if restricted.
■ Begin gluteal and adductor setting exercises the first

postoperative day. Perform four-position SLRs with the
brace locked or with the brace unlocked when the pa-
tient can perform an SLR in supine position without an
extensor lag.

■ Perform bilateral heel raises when 50% weight bearing
on the operated extremity is permitted.

■  Cardiopulmonary function. Use an upper body ergometer
for aerobic conditioning exercises.

Criteria to progress to next phase. The following criteria
should be met:

■  Minimal joint effusion and pain
■  Evidence of superior gliding of the patella with quadriceps

setting
■  Full, active knee extension (no extensor lag)
■  Approximately 120° of knee flexion

 FOCUS ON EVIDENCE
A CPG for meniscal and articular cartilage lesions reports
moderate evidence supporting the use of therapeutic exercise
for strengthening, endurance, and functional performance
for patients who have undergone a surgical meniscectomy
and for the application of neuromuscular electrical stimula-
tion to increase muscle strength in patients with meniscal 
or chondral injuries. All other recommendations regarding

interventions for patients with meniscus or cartilage lesions
were weak or conflicting.158

Exercise: Moderate Protection/Controlled 
Motion Phase
The moderate protection phase extends from 4 to 6 weeks to
about 12 weeks postoperatively. The knee brace is discontinued
at about 6 to 8 weeks if there is adequate control of the knee
and no extensor lag. Use of a cane or single crutch is advisable
to provide some degree of protection during ambulation.

Goals. Restoring full knee ROM; improving lower extremity
flexibility, strength, and muscular endurance; continuing to
reestablish neuromuscular control and balance; and improving
overall aerobic fitness are emphasized during the moderate
protection phase of rehabilitation.

Interventions. Include and progress the following 
exercises and activities during the intermediate phase of 
rehabilitation:29,51,111,179

■  ROM. Progress low-load, long-duration stretching exercises
if the patient is having difficulty achieving full knee ROM.

■  Muscle performance (strength and muscular endurance).
■ Initiate stationary cycling against light resistance.
■ Use elastic resistance for low-intensity, open-chain, and

closed-chain exercises.
■ Progress hip- and ankle-strengthening exercises. Empha-

size strengthening of the hip abductors and extensors.
■  Neuromuscular control/responses, proprioception, and

balance. With each of these activities, emphasize maintain-
ing proper lower extremity alignment.
■ Continue or—if not initiated previously—begin closed-

chain exercises. Add disturbed balance activities (pertur-
bation training) standing on an unstable surface, such
as a minitrampoline or BOSU.

■ When full weight bearing is permissible, begin unilateral
balance activities, partial lunges, step-ups, and step-
downs. Practice walking on an unstable surface, such as
high-density foam rubber.

■ Initiate low-intensity agility drills.
■  Flexibility of the hip and ankle. Stretch the IT band and

rectus femoris after the patient has achieved full knee 
flexion with hip flexion.

■  Cardiopulmonary fitness. Begin stationary cycling or a
pool-walking program at the beginning of this phase. Ini-
tiate treadmill training, land walking, a cross-country ski
machine or elliptical trainer at around 9 to 12 weeks.

■  Functional activities. Gradually resume light functional
activities during this phase.

Criteria to progress to next phase. By 12 to 16 weeks post-
operatively, the following criteria should be met:

■  No pain or joint effusion
■  Full, active knee ROM
■  Lower extremity strength (maximum isometric contrac-

tion): 60% to 80% compared to the contralateral side
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Exercise: Minimum Protection/Return 
to Function Phase
Some degree of protection is still warranted at the beginning
of the final phase of rehabilitation, which typically begins at
around 12 to 16 weeks and may continue until 6 to 9 months.
The return to a high level of physical activity depends on
achieving adequate strength, full, nonpainful ROM, and an
acceptable clinical examination.51,111,179

Goals. The primary goal of this phase is to prepare the pa-
tient to resume a full level of functional activities using nor-
mal movement patterns while continuing patient education
to reinforce the importance of selecting activities that do not
overstress the repaired meniscus (see Box 21.15).

Interventions. During advanced resistance training, focus
on movement patterns that simulate functional activities.
Begin and gradually progress drills, such as plyometric train-
ing and agility drills, to improve power, coordination, and
rapid response times. Continue to stress the importance of
proper trunk and lower extremity alignment. Increase the 
duration or intensity of the aerobic conditioning program.
Transition from a walking program to a jogging/running pro-
gram, if desired, at about 4 to 6 months. A detailed progres-
sion of aerobic conditioning activities after meniscus repair
is available in published resources.111,179

Outcomes 
Medial or lateral meniscus repair is a well-tested procedure
that results in predictably successful outcomes, particularly
for suture repair of a peripheral zone tear.111,192,293 Al-
though repairing tears that extend into the central zone 
has less predictable results, there is increasing evidence 
that these repairs heal well and provide long-term relief of
symptoms.203,204

Although the various surgical techniques used and the fre-
quency of concomitant pathologies and surgeries make it dif-
ficult to compare across studies, several generalizations can
be made. One of the most important factors influencing 
outcomes of meniscus repair is the status of the ACL. When
an ACL injury occurs in combination with a meniscus 
tear, patients who undergo ACL reconstruction have better out-
comes than patients with ACL deficiency. Recurrent tears of a
repaired meniscus occur more frequently in an ACL-deficient
knee than in an ACL-stable knee.204,293

Although the patient’s age is cited as a factor influencing
surgical decisions regarding meniscal repairs, a study by
Noyes and colleagues203 demonstrated high success rates fol-
lowing repair of central zone tears in a group of patients 
40 years of age or older. With regard to postoperative reha-
bilitation, no single protocol has been shown to result in 
superior outcomes.293

Lastly, short-term results of meniscus transplantation with
an allograft appear to be promising but are challenging to
summarize because of evolving surgical techniques. Long-
term effectiveness of current-day procedures has yet to be 
determined.91,206,227

Partial Meniscectomy
Indications for Surgery
The following are indications for partial meniscectomy as a
surgical option for a meniscus tear:292

■  A displaced tear of the meniscus that is associated with pain
and locking of the knee sustained by an older, inactive 
individual 

■  A tear extending into the central, less vascular third of the
meniscus that is not determined repairable when arthro-
scopically visualized and probed

■  A tear localized to the avascular inner third of the meniscus

Procedure
Arthroscopic meniscectomy is usually performed under local
anesthesia on an outpatient basis. Small portal incisions are
made and saline is injected through one of the portals to dis-
tend the knee. The torn portion of the meniscus is identified,
grasped, and divided endoscopically by knife or scissors and
removed by vacuum. Intra-articular debris or loose bodies
are also removed. After the knee is irrigated and drained, skin
incisions at the portal sites are closed, and a compression
dressing is applied.285,292

Postoperative Management
The overall goal of rehabilitation after partial meniscectomy
is to restore ROM of the knee and develop strength in the
lower extremity to reduce stresses on the knee and protect its
articular surfaces. The progression of exercises and func-
tional activities depends on the patient’s presenting signs and
symptoms.

Immobilization and Weight Bearing
A compression dressing is placed on the knee, but it is not
necessary to immobilize the knee postoperatively. For the first
few postoperative days, cryotherapy, compression, and eleva-
tion of the operated leg are used to control edema and pain.
Weight bearing is progressed as tolerated.51,292

Exercise: Maximum and Moderate Protection
Phases
Although the ideal situation is to begin exercise instruction
on the day of or after surgery, most patients do not see a ther-
apist for supervised exercise immediately after an outpatient
procedure. When a patient is referred for supervised therapy,
the emphasis is often placed on establishing a home exercise
program. Under these circumstances, it is preferable to teach
the patient initial exercises to reduce atrophy and prevent con-
tracture preoperatively, so he or she can initiate the exercises
at home immediately after surgery.

There is no need for an extended period of maximum
protection following arthroscopic partial meniscectomy be-
cause there is little soft tissue trauma during surgery. Mod-
erate protection is warranted for approximately 3 to 4 weeks.
All exercises and weight-bearing activities should be pain free
and progressed gradually during the first few postoperative
weeks.29
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Goals. During the early phase of rehabilitation, the emphasis
of treatment is to control inflammation and pain, reestablish
independent ambulation, and restore knee control and ROM.

Interventions. Immediately after surgery, begin muscle-
setting exercises, SLRs, active knee ROM, and weight bearing
as tolerated. Full weight bearing is usually achieved by 4 to 
7 days, and at least 90° of knee flexion and full extension are
attained by 10 days. Initiate closed-chain exercises and station-
ary cycling a few days after surgery, or as pain and weight bear-
ing status allow, with the goal of regaining dynamic strength
and endurance.

PRECAUTION: Patients who have undergone partial menis-
cectomy must be cautioned not to progress themselves too
quickly. An accelerated progression of exercise can cause re-
current joint effusion and may damage articular cartilage.

Exercise: Minimum Protection/Return 
to Function Phase
By 3 or 4 weeks postoperatively, minimum protection of
the knee is necessary, but full, pain-free, active knee ROM
and a normal gait pattern should be achieved before pro-
gressing to high-demand exercises. Resistance training, en-
durance activities, bilateral and unilateral closed-chain
exercises, and proprioceptive/balance training to develop
neuromuscular control can all be progressed rapidly. Ad-
vanced activities such as plyometrics, maximum effort iso-
kinetic training, and simulated high-demand functional
activities can be initiated as early as 4 to 6 weeks or 6 to 
8 weeks postoperatively with emphasis on reestablishing
normal mechanics in movement.

PRECAUTION: High-impact weight-bearing activities such
as jogging or jumping, if included in the program, should be
added and progressed cautiously to prevent articular damage.
Improper lower extremity alignment during weight bearing,
such as valgus collapse and/or pelvic drop should be cor-
rected prior to advancing with plyometric and high-impact 
activities.

Exercise Interventions 
for the Knee

Strength and flexibility imbalances between muscle groups
can be caused by several factors such as disuse, faulty joint
mechanics, joint swelling, immobilization (due to fracture,
surgery, or trauma), and nerve injury. In addition to the ham-
strings and rectus femoris, most of the two-joint muscles that
cross the knee function primarily at the hip or the ankle, yet
have an effect on the knee. If there is an imbalance in length
or strength in the hip or ankle muscles, altered mechanics may
manifest throughout the lower extremity.113,253 Refer to the
chapters on the hip and the ankle and foot for a complete 
picture of these interrelationships.

Exercise Techniques 
to Increase Flexibility 
and Range of Motion

When attempting to increase ROM, the mechanics of the
tibiofemoral and patellofemoral joints and their importance
in lower extremity function must be respected. Because the
knee is a weight-bearing joint, mobility coupled with adequate
strength and stability is necessary for normal function.

Principles of passive stretching and PNF stretching are pre-
sented in Chapter 4, joint mobilization/manipulation of the
extremities is described in Chapter 5, and techniques directed
toward specific tibiofemoral joint and patella restrictions are
presented earlier in this chapter. Additional manual and self-
stretching techniques to increase knee ROM are described in
this section.

To Increase Knee Extension
Decreased extensibility of the hamstring musculature and pe-
riarticular tissue posterior to the knee can restrict full knee
extension. Increasing knee extension is a two-step process.
First, full extension of the knee is obtained without placing
tension on the hamstrings at the hip by maintaining the hip
at or near 0° extension. After full knee extension has been at-
tained, a stretch is applied to the two-joint hamstring muscle
group by progressively flexing the hip while maintaining the
knee in extension (SLR position). Techniques to stretch 
the hamstrings using SLRs are described in Chapter 4 and the
exercise section of Chapter 20.

PNF Stretching Techniques
■  Patient position and procedure: Supine, with the hip and knee

extended as much as possible. Have the patient perform an
isometric contraction of the knee flexors as you resist with
your hand placed proximal to the heel. Then ask the patient
to relax as you passively extend the knee into the newly gained
range, or have the patient actively extend the knee as far 
as possible (hold-relax and hold-relax/agonist-contraction
techniques, respectively).

■  Patient position and procedure: Prone, with the hip and knee
extended as much as possible. Place a small pad or folded
hand towel under the femur proximal to the patella to protect
the patellofemoral joint from compressive forces. Stabilize the
pelvis to prevent hip flexion, and then apply the hold-relax
technique to increase knee extension.

Gravity-Assisted Passive Stretching
Techniques
Use a low-intensity, long-duration stretch to ensure that the
patient stays as relaxed as possible.

Prone Hang
Patient position and procedure: Prone, hips extended with
the patient’s foot off the edge of the treatment table. Place a
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rolled towel under the patient’s femur just proximal to the
patella and a cuff weight around the ankle. As the muscle re-
laxes, the weight places a sustained passive stretch on the ham-
strings, which increases knee extension.

Supine Heel Prop
Patient position and procedure: Supine, with the knee ex-
tended as far as possible. Place a rolled towel or padding under
the distal leg and heel to elevate the calf and knee off the table
(Fig. 21.18). For a sustained stretch, secure a cuff weight
across the distal femur but proximal to the patella to avoid
patellar compression.

NOTE: This position is not effective for severe knee flexion con-
tractures. Use it only for restrictions that are near the end of
the range of knee extension.

Self-Stretching Technique
Patient position and procedure: Long-sitting, with the dis-
tal leg supported on a rolled towel. Have the patient press
down with the hands against the femur just above (not on) the
patella to cause a sustained force to increase knee extension.

To Increase Knee Flexion
Before stretching to increase knee flexion, be sure the patella is
mobile and is able to glide distally in the trochlear groove as
the knee flexes; otherwise, it restricts knee flexion. Patellar mo-
bilization techniques to increase patellar gliding are described
in Chapter 5 (see Figs. 5.53 and 5.54). Techniques to increase
mobility of the IT band at the knee to improve patellar tracking
are described later in this section. Once full range of knee flex-
ion is restored, the two-joint rectus femoris and TFL muscles
should be stretched across the hip joint while maintaining the
knee in flexion. These techniques are described in Chapter 20.

PNF Stretching Techniques
Patient position and procedure: Sitting, with the knee at the
edge of the treatment table and flexed as far as possible. Place
your hand just proximal to the ankle and manually resist an
isometric contraction of the knee extensors. Have the patient
relax as you passively flex the knee to the end of the range, or
have the patient actively flex as far as possible.

Gravity-Assisted Passive Stretching Technique
Patient position and procedure: Sitting with the lower legs
dangling and knee flexed to the end of the available range. In-
struct the patient to relax the thigh muscles and let the weight
of the leg create a low-intensity, long-duration stretch. Place
a light cuff weight around the distal leg to increase the stretch
force.

Self-Stretching Techniques

Gravity-Assisted Supine Wall Slides
Patient position and procedure: Supine, with buttocks
close to the wall and lower extremities resting vertically
against the wall (hips flexed, knees extended). Have the 
patient slowly flex the involved knee by sliding the foot down
the wall until a gentle stretch sensation is felt. Hold the posi-
tion for a period of time, then slide the foot back up the wall
(Fig. 21.19).
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FIGURE 21.18 Heel prop in supine to increase knee extension. A
cuff weight or sandbag placed across the distal femur increases the
stretch force.

FIGURE 21.19 Gravity-assisted supine wall slide. The patient flexes
the knee to the limit of its range and holds it there for a sustained
stretch.

Self-Stretch With Uninvolved Leg
Patient position and procedure: Sitting with legs dangling
over the edge of a bed and ankles crossed. Using the unin-
volved leg, have the patient apply sustained pressure to the 
involved leg just above the ankle to increase knee flexion.

Rocking Forward on a Step
Patient position and procedure: Standing, with the foot of
the involved knee on a step. Have the patient rock forward
over the stabilized foot, flexing the knee to the limit of its
range, then rock back and forth in a slow, rhythmic manner,
or sustain the stretched position (Fig. 21.20). Begin with a low
step or stool; increase the height as more range is obtained.
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PRECAUTION: Do not allow the patient to move into a posi-
tion that causes pinching at the anterior aspect of the ankle.

Sitting
Patient position and procedure: Sitting in a chair, with the
involved knee flexed to the end of its available range and the
foot firmly planted on the floor. Have the patient move 
forward in the chair, not allowing the foot to slide. Hold the
position for a comfortable, sustained stretch of the knee 
extensors (Fig. 21.21).

To Increase Mobility of the IT Band 
at the Knee
The IT band is a strong fibrous band of connective tissue that
is not easily stretched. Mobility of the IT band distal attachment
at the knee is necessary for proper patellar tracking and knee
flexion and, if restricted, may contribute to patellofemoral pain
or patellar maltracking. The distal attachment of the TFL and
approximately one-third of the gluteus maximus insert into the
proximal IT band and also affect its mobility. Stretching of these
muscles is described in Chapter 20. The “foam roller fascial re-
lease” that follows is used to increase the mobility of the IT
band and its effect at the knee.

Foam Roller Fascial Release
Patient position and procedure: Side-lying with the in-
volved thigh on a foam roller (dense foam cylinder) posi-
tioned perpendicular to the femur. Maintain the hip of the
involved side in extension, flex the top hip and knee, and plant
the foot on the floor (Fig. 21.22). Have the patient prop 
on the forearm or hands to lift the trunk and adduct the hip
of the involved leg. Then roll the lateral thigh proximally and
distally on the roll along the IT band or maintain a sustained
pressure against the IT band.

NOTE: The planted foot, along with the hands, serve to guide
the rolling motion and can partially reduce the pressure on the
lateral thigh, making the release technique more tolerable.

Exercises to Develop and
Improve Muscle Performance
and Functional Control

The primary emphasis of strengthening exercises for the knee
muscles are to develop stability and sound patellofemoral and
extensor mechanism biomechanics. After stability and patellar
mechanics are well established, the emphasis shifts to the 
coordination and timing of muscle contractions, as well as
the endurance needed to perform functional activities. To 
accomplish this, closed-chain exercises using low-intensity

832 Exercises to Develop and Improve Muscle Performance and Functional Control

FIGURE 21.20 Self-stretching on a step to increase knee flexion. The
patient places the foot of the involved side on a step, then rocks for-
ward over the stabilized foot to the limit of knee flexion to stretch the
quadriceps femoris muscle. A higher step is used for greater flexion.

FIGURE 21.21 Self-stretching in a chair to increase knee flexion.
The patient fixates the foot of the involved leg on the floor and then
moves forward in the chair over the stabilized foot to place a sus-
tained stretch on the quadriceps femoris muscle and increase knee
flexion.

FIGURE 21.22 Foam roller fascial release for a tight IT band.
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(low resistance) and a high number of repetitions are more
effective than open-chain exercises for improving dynamic
functional stability and muscular endurance of the knee.

Although closed-chain control of the knee is essential, re-
member that the knee functions in both an open- and closed-
chain fashion during most daily activities. Not only do the
quadriceps and hamstrings function using co-contractions
during closed-chain activities, but they also contract inde-
pendently using concentric and eccentric contractions during
functional activities. To be most effective, exercises under all
these conditions should be incorporated into a comprehen-
sive knee rehabilitation program. It is also important to change
the position of the hip during quadriceps- and hamstring-
strengthening exercises to affect the length-tension relationship
of the rectus femoris and hamstrings.74

■  In the exercises that follow, open-chain exercises are de-
scribed before closed-chain exercises simply because weight
bearing after knee injury or surgery is often restricted for 
a period of time.

■  Isolated activation of knee musculature also is necessary
for functional activities that involve open-chain move-
ments, such as lifting the leg to get in and out of bed or a
car or flexing and extending the knee during dressing.

■  The quadriceps has been shown to develop greater strength
using resisted open-chain than closed-chain exercises.288

■  Closed-chain strengthening should be initiated first in par-
tial weight bearing and later in full weight bearing as healing
allows and then integrated with balance and proprioceptive
training and functional weight-bearing activities.

Considerable research has been done comparing joint re-
action forces and muscle function during open- and closed-
chain exercises. Comparisons of outcomes are difficult because
of differing research designs and exercise variables.67 Table 21.6
summarizes results from a study comparing two dynamic ex-
ercises, with recommendations for exercise modification with
specific knee impairments. Special adaptations also have been
highlighted in the conservative management and surgical
management sections of this chapter.

Open-Chain (Nonweight-Bearing)
Exercises
To Develop Control and Strength of Knee
Extension (Quadriceps Femoris)
A wide variety of static and dynamic exercises can be used to
improve the function of the quadriceps femoris muscles in
open-chain positions. Because of variations in muscle fiber
orientation and attachments of the knee extensor muscles, in-
dividual components of the quadriceps femoris muscle group
place different biomechanical stresses on the patella.

Although it is not possible to isolate contraction of the dif-
ferent parts of the quadriceps femoris muscle because of the
common innervation, emphasis is often placed on activation
of the VMO and vastus medialis muscles to prevent poten-
tially harmful lateral patellar tracking. Tactile cues, biofeed-
back, and electrical muscle stimulation over the VMO may
reinforce awareness of the muscle contracting for patellar
control.

CHAPTER 21 The Knee 833

TABLE 21.6 Comparison of Forces and Muscle Action at the Knee During Dynamic Open-Chain 
and Closed-Chain Exercises67,304

Closed-Chain Exercise—Variable Resistance: 
Open-Chain Exercise—Variable Resistance: Squatting, Leg-Press Machine (Body Moving 

Parameter Sitting, Knee Extension Machine Away from Fixed Feet)

Rectus femoris 
development

VMO development

Other muscle 
development

ACL tensile forces*

PCL tensile forces*

Patellofemoral 
compression

Tibiofemoral 
compression

*The 0°–25° range should be excluded in open-chain exercises following ACL injury but may be included after PCL injury.
†Squat exercises: exercise only from 0°–50° with patellofemoral dysfunctions.
‡Open-chain exercise from 0°–30° and 75°–90° with patellofemoral dysfunctions. (Note: there is controversy in the literature regarding compressive
forces in the patellofemoral joint from 0° to 30°.)

More effective

Less effective

None

ACL under tension at < 25°

PCL under tension from 25°–95° (peak 
at 1.0 × body weight)

Peak stress at 60°, peak compression at 75°‡

Higher compression (more stability) < 30°

Less effective

More effective for VMO (and VL)

Effective for hamstrings

PCL under tension throughout range 
(1.5–2.0 × body weight)

Compression increases with knee flexion, 
peaking at 90°†

Higher compression (more stability) > 70°
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Quadriceps Setting (Quad Sets)
Patient position and procedure: Supine, sitting in a chair
(with the heel on the floor) or long-sitting with the knee ex-
tended (or flexed a few degrees) but not hyperextended. Have
the patient contract the quadriceps isometrically, causing the
patella to glide proximally; then hold for a count of 10, and
repeat.

■  Use verbal cues such as, “Try to push your knee back and
tighten your thigh muscle” or “Try to tighten your thigh
muscle and pull your kneecap up.” When the patient sets
the muscle properly, offer verbal reinforcement immedi-
ately and then have the patient repeat the activity.

■  Have the patient dorsiflex the ankle and then hold an 
isometric contraction of the quadriceps.7

■  Monitor the gluteus maximus to make sure that the patient
is not compensating with hip extension as a result of an 
inhibited quadriceps.

Straight-Leg Raise

CLINICAL TIP
A supine SLR combines dynamic hip flexion with an isomet-
ric contraction of the quadriceps. The effective resistance of
gravity (or any additional weight added at the ankle) de-
creases as the lower extremity elevates because of the decreas-
ing moment arm of the resistance force. Consequently, the
greatest resistance is encountered during the first few degrees
of the SLR and resistance progressively decreases with greater
hip flexion. The rectus femoris (which is also a hip flexor) is
the primary muscle in the quadriceps group that is active 
during the SLR exercise.276

Patient position and procedure: Supine, with the knee ex-
tended. To stabilize the pelvis and low back, the opposite hip
and knee are flexed, and the foot is placed flat on the exercise
table. First, have the patient set the quadriceps muscle, and
then lift the leg to about 45° of hip flexion while keeping the
knee extended. Have the patient hold the leg in that position
for a count of 10 and then lower it.

■  To progress, have the patient lift to only 30° and then to
only 15° of hip flexion, and hold the position.

■  To increase resistance, place a cuff weight around the 
patient’s ankle.

 FOCUS ON EVIDENCE
It has been proposed that if an SLR in the supine position is cou-
pled with external rotation or isometric adduction of the hip,
the VMO or VM muscles are preferentially activated and
strengthened.7,34,56,172 The rationale for advocating these exer-
cises is that many fibers of the VMO muscle originate from the
adductor magnus tendon.7,135 Although a number of authors6

have advocated these SLR adaptations to increase the medially
directed forces on the patella, there is lack of evidence to sub-
stantiate the effect. 

Straight-Leg Lowering
Patient position and procedure: Supine. If the patient can-
not perform an SLR because of a quadriceps lag or weakness,
begin by passively placing the leg in 90° of SLR position (or
as far as the flexibility of the hamstrings allows), and have the
patient gradually lower the extremity while keeping the knee
fully extended.

■  Be prepared to control the descent of the leg with your hand
under the heel as the torque created by gravity increases.

■  If the knee begins to flex as the extremity is lowered, have
the patient stop at that point, then raise the extremity 
upward to 90°.

■  Have the patient repeat the motion and attempt to lower
the extremity a little farther each time while keeping the
knee extended.

■  When the patient can keep the knee extended while lower-
ing the leg through the full ROM, SLRs can be initiated.

Multiple-Angle Isometric Exercises
■  Patient position and procedure: Supine or long-sitting. Have

the patient perform bent leg raises with the knee in multiple
angles of flexion.

■  Patient position and procedure: Seated at the edge of a treat-
ment table. When tolerated, apply resistance just above the
ankle to strengthen the quadriceps isometrically in varying
degrees of knee flexion. Co-contraction of the quadriceps and
hamstrings can be activated (except in the last 10° to 15° of
knee extension) by having the patient push the thigh into the
table while holding the knee in extension against resistance.103

Short-Arc Terminal Knee Extension

CLINICAL TIP
Although in the past it was thought that the VMO was respon-
sible for the terminal phase of knee extension, it is now well
documented that all components of the quadriceps femoris
muscle group are active throughout active knee extension and
that the VMO primarily affects patellar alignment.276

Patient position and procedure: Supine or long-sitting.
Place a rolled towel or bolster under the knee to support it in
flexion (Fig. 21.23). The patient can also assume a short-sitting
position at the edge of a table with the seat of a chair or a stool
placed under the heel to stop knee flexion at the desired angle.
Begin with the knee in a few degrees of flexion. Increase the
degrees of flexion as tolerated by the patient or dictated by the
condition. 

■  Initially, have the patient extend the knee only against the
resistance of gravity. Later, add a cuff weight around the
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ankle to increase the resistance if the patient does not 
experience pain or crepitation.

■  Combine short-arc terminal knee extension with an isomet-
ric hold and/or a SLR when the knee is in full extension.

■  To reduce lateral shear forces at the knee, have the patient
invert the foot as he or she extends the knee.7,101

PRECAUTION: When adding resistance to the distal leg, the
amount of force generated by the quadriceps muscle increases
significantly in the terminal ranges of knee extension. In this
portion of the range, the quadriceps has a poor mechanical ad-
vantage and poor physiological length while having to contract
against an external resistance force that has a long lever arm.
The amount of muscle force generated causes an anterior
translation force on the tibia, which is restrained by the ACL.
This exercise is not appropriate for a patient during the early
phase of postoperative rehabilitation when the reconstructed
ligament is most vulnerable to imposed loads.

Full-Arc Extension
Patient position and procedure: Sitting or supine. Have the
patient extend the knee from 90° to full extension. Apply 
resistance to the motion as tolerated.

CLINICAL TIP
Resistance applied from 90° to 60° in a nonweight-bearing
position causes less anterior tibial translation than squatting
(a closed-chain activity) in this range. Resistance applied in
open-chain extension from 30° to 0°, however, increases an-
terior translation more than does performing minisquats in
the same range.304

■  Apply resistance through the full arc of motion only during
the later phases of rehabilitation if the knee is pain free, 
stable, and asymptomatic. If there is pain, resistance should
be applied only through those portions of the range with
no symptoms.

■  Various forms of resistance equipment discussed in Chapter 6
can be used to strengthen the knee extensors. Emphasize

high-repetition, low-resistance training with weight-training
equipment and medium- to high-velocity training with iso-
kinetic equipment to minimize compressive and shear forces
on knee joint structures during exercise. When using equip-
ment, the tibial pad against which the patient pushes while
extending the knee can be placed proximally on the lower
leg to decrease excessive stress on supporting structures of
the knee.305

■  If a cuff weight is applied to the tibia to provide resistance,
it causes a distraction to the joint and stress on the liga-
ments when the patient sits or lies supine with the knee
flexed to 90° and the tibia over the edge of the treatment
table. To avoid this stress on ligaments, place a stool under
the foot so it is supported when the leg is in the dependent
position.37

To Develop Control and Strength 
of Knee Flexion (Hamstrings)

Hamstring Setting (Hamstring Sets)
Patient position and procedure: Supine or long-sitting,
with the knee in extension or slight flexion with a towel roll
under the knee. Have the patient isometrically contract the
knee flexors by gently pushing the heel into the treatment
table just enough to feel tension develop in the muscle group.
Have the patient relax and then repeat the contraction.

Multiple-Angle Isometric Exercises
Patient position and procedure: Supine or long-sitting.
Apply either manual or mechanical resistance to a static
hamstring muscle contraction with the knee flexed to several
positions in the ROM.

■  Place the tibia in internal or external rotation prior to re-
sisting knee flexion to emphasize the medial or lateral ham-
string muscles, respectively.

■  Teach the patient to apply self-resistance at multiple points
in the ROM by placing the opposite foot behind the ankle
of the leg to be resisted.

Hamstring Curls
■  Patient position and procedure: Standing, holding onto a

solid object for balance. Have the patient lift the foot and
flex the knee (Fig. 21.24). Maximum resistance from grav-
ity occurs when the knee is at 90° flexion. Apply resistance
with ankle weights or a weighted boot. If the patient flexes
the hip, stabilize it by having the patient place the anterior
thigh against a wall or solid object.

■  Patient position and procedure: Prone. Place a small folded
towel or piece of foam rubber under the femur just proxi-
mal to the patella to avoid compression of the patella be-
tween the treatment table and the femur. With a cuff weight
around the ankle, have the patient flex the knee to only 90°.
Maximum resistance from gravity occurs when the knee
first starts to flex at 0°. If hamstring curls are performed in
the prone position using manual resistance, a weight-pulley
system or isokinetic equipment resistance to the knee flexors
can be applied throughout the full range of knee flexion.
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FIGURE 21.23 Short-arc terminal extension exercise to strengthen
the quadriceps femoris muscle. When tolerated, resistance is added
proximal to the ankle.
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PRECAUTION: Open-chain hamstring curls performed against
resistance placed on the distal tibia cause posterior tibial trans-
lation. A patient with a PCL injury or reconstruction should avoid
this exercise during the early stages of rehabilitation.

Closed-Chain (Weight-Bearing)
Exercises
Progressive closed-chain exercises are beneficial for activating
and training the muscles of the lower extremity to respond to
specific functional demands. As the quadriceps contract eccen-
trically to control knee flexion or concentrically to extend the
knee, the hamstrings and soleus function to stabilize the tibia
against the anterior translating force of the quadriceps at the
knee joint. This synergy, along with the compressive loading on
the joints, provides support to the cruciate ligaments.67,218 In
addition, because the hip extends and the ankle plantarflexes as
the knee extends (and vice versa) during closed-chain activities,
the two-joint hamstrings and gastrocnemius and the one-joint
soleus are maintaining favorable length-tension relationships
through action at the hip and ankle, respectively.

Initiation of closed-chain exercises. During rehabilitation,
closed-chain exercises can be incorporated into an exercise
regimen as soon as partial or full weight bearing is safe. In
certain portions of the ROM, closed-chain strengthening 
exercises generate less shear force on the knee joint than 
open-chain quadriceps-strengthening activities. Therefore,
resistance can be added to closed-chain activities sooner after
injury or surgery than can be added to open-chain exercises
while still protecting healing structures such as the ACL. Clin-
ically, closed-chain exercises enable the patient to develop

strength, endurance, and stability of the lower extremity in
functional patterns sooner after knee injury or surgery than
do open-chain exercises. The progression of closed-chain ex-
ercises described in Chapter 20 is also appropriate for knee
rehabilitation programs.

Partial weight-bearing and support techniques. If the pa-
tient does not tolerate or is not permitted to bear full weight
on the involved extremity, begin exercises with upper extrem-
ity assistance, such as in the parallel bars or in a pool, to par-
tially unload body weight and avoid excessive biomechanical
stress. Also consider use of supportive taping techniques or
bracing to ensure proper alignment during weight bearing.
Begin exercises at a level tolerated by the patient and at which
there is complete control and no exacerbation of symptoms.

CLINICAL TIP
Because the knee is the intermediate link in the lower extrem-
ity chain, it is significantly influenced by hip and trunk func-
tion, as well as foot and ankle function, during weight
bearing.113,234 Therefore, exercises for these regions should be
included in the rehabilitation of the knee if impairments are
detected during the examination. Specifically, look for:

■  Tightness of the TFL, gluteus maximus, rectus femoris,
hamstrings, or gastrocnemius-soleus muscle group

■  Weakness of the gluteus medius, external rotators, or gluteus
maximus

Closed-Chain Isometric Exercises
Closed-chain isometric exercises are done to facilitate 
co-contraction of the quadriceps and hamstrings.

Setting Exercises for Co-Contraction
Patient position and procedure: Sitting on a chair, with the
knee extended or slightly flexed and the heel on the floor.
Have the patient press the heel against the floor and the thigh
against the seat of the chair and concentrate on contracting
the quadriceps and hamstrings simultaneously to facilitate
co-contraction around the knee joint. Hold the muscle 
contraction, relax, and repeat. Use biofeedback to enhance
learning of the co-contraction.

Alternating Isometrics and Rhythmic Stabilization
Patient position and procedure: Standing, with weight
equally distributed through both lower extremities. Apply
manual resistance to the pelvis in alternating directions as the
patient holds the position. This facilitates isometric contrac-
tions of muscles in the ankles, knees, and hips.

■  Increase the speed of application of the resistive forces to
train the muscles to respond to sudden shifts in forces.

■  Progress the stabilization activity by applying the alternat-
ing resistance against the shoulders to develop trunk sta-
bilization and then by having the patient bear weight only
on the involved lower extremity while resistance is applied.
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FIGURE 21.24 Hamstring curls; resistance exercises to the knee
flexors with the patient standing. Maximal resistance occurs when
the knee is at 90°.
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■  Progress to weight bearing on unstable surfaces as balance
and stability improve.

Closed-Chain Isometrics Against Elastic Resistance
Patient position and procedure: Standing on the involved
extremity, loop elastic resistance around the thigh of the op-
posite extremity and secure it to a stable object (see Fig. 20.26
in Chapter 20). Have the patient flex and extend the hip of
the nonweight-bearing lower extremity at varying speeds to
facilitate co-contraction of muscles and stability of the weight-
bearing leg. This closed-chain exercise also facilitates propri-
oceptive input and balance on the weight-bearing (involved)
lower extremity.

Closed-Chain Dynamic Exercises

Scooting on a Wheeled Stool
Patient position and procedure: Sitting on a rolling stool or
chair. Have the patient “walk” the feet forward to use the ham-
strings or “walk” backward to use the quadriceps (Fig. 21.25).
Be certain the knee is aligned vertically over the foot to avoid
hip adduction, internal rotation, and subsequent valgus align-
ment of the lower leg.

■  Increase the challenge of the exercise by having the patient
steer around an obstacle course, roll the stool across car-
peting, or pull against a resistance, such as pulling another
person who is also on a rolling stool.

actively perform terminal knee extension while bearing partial
to full weight on the involved extremity. 

Partial Squats, Minisquats, and Short-Arc Training
Patient position and procedure: Begin by having the pa-
tient flex both knees up to 30° to 45° and then return to full
extension. Progress by holding elastic resistance that is secured
under both feet (Fig. 21.27 A) or by holding weights in the
hands. The patient should maintain the trunk upright, con-
centrate on maintaining a posterior weight shift, and lower
the hips as though sitting down before moving the knees. The
knees should maintain alignment with the toes to prevent 
valgus collapse and should not move forward beyond the 
toes to ensure gluteal activation and decreased patellofemoral
joint forces.

■  Progress squats to greater ranges of knee flexion during the
advanced phases of treatment if necessary.

■  Increase the difficulty of the exercise by performing unilateral
resisted minisquats (Fig. 21.27 B) or squatting on unstable
surfaces. Advanced activities are described and illustrated in
Chapter 23.

Standing Wall Slides
Patient position and procedure: Standing, with back against
the wall (see Fig. 20.29 A in Chapter 20). Flex the hips and
knees and slide the back down and then up the wall, lowering
and lifting the body weight.

■  Apply elastic resistance around both thighs just proximal to
the knees to provide added resistance to the hip abductors.
This encourages the patient to maintain knee alignment
over the toes to prevent or correct a valgus collapse.

■  As control improves, have the patient move into greater knee
flexion, up to a maximum of 60°. Knee flexion beyond 60°
is not recommended to avoid excessive tibiofemoral joint
shear forces and patellofemoral joint compressive forces.
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FIGURE 21.25 Forward scooting on a wheeled stool to strengthen
knee flexors and backward scooting to strengthen knee extensors.

NOTE: Patient position is standing in all of the following 
exercises.

Unilateral Closed-Chain Terminal Knee Extension
Patient position and procedure: Standing, elastic resistance
looped around the distal thigh of the involved extremity and
secured to a stationary structure (Fig. 21.26). Have the patient

FIGURE 21.26 Unilateral closed-chain terminal knee extension.
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■  Add isometric training by having the patient stay in the
partial-squat position. If the patient is able, he or she main-
tains the partial squat and alternately extends one leg and
then the other.

■  Wall slides performed with a gym ball behind the back de-
crease stability and require greater control (see Fig. 20.29
B in Chapter 20). 

■  Increase the difficulty of the exercise by performing wall
slides in unilateral stance (see Fig. 23.29 in Chapter 23).

Forward, Backward, and Lateral Step-Ups 
and Step-Downs  VIDEO 21.1
Patient position and procedure: Begin with a low step, 2 to
3 inches in height, and increase the height as the patient is
able. Make sure the patient keeps the trunk upright and the
knee aligned vertically over the foot to avoid valgus collapse.

■  To reinforce proper lower extremity alignment and stimu-
late firing of the gluteus medius during forward step-ups,
apply a graded manual resistive force to the lateral aspect
of the forward thigh (Fig. 21.28 A).

■  Emphasize control of body weight during concentric (step-
up) and eccentric (step-down) quadriceps activities. To
emphasize the quadriceps and minimize pushing off with
the plantarflexors of the trailing extremity, teach the patient
that the trailing heel must be the last to leave the floor and
the first to return.

■  Add resistance with a weight belt or handheld weights, or
place elastic resistance (Fig. 21.28 B) or a belt attached to a
pulley system around the patient’s hips. 

■  Progress to stepping up to or down from higher surfaces,
and add rotational movements.

 FOCUS ON EVIDENCE
An EMG study9 of five weight-bearing exercises in single-leg
stance demonstrated the following quadriceps recruitment
from greatest activation to least (66% to 55% MVIC): wall
squat (wall slide), forward step-up, minisquat, reverse step-
up, and lateral step-up.

A kinematic study evaluating patellar joint forces and
stress during forward step-up, lateral step-up and forward
step-down activities showed the peak PF joint stress was
greatest during the eccentric phase (by 7%) in the forward
step-down due to a higher knee extensor moment when com-
pared to the two step-up activities.42

Partial and Full Lunges
Lunges may be performed by varying the length of the stride,
by stepping into a lunge and bringing the trailing leg forward,
or by stepping into a lunge and pushing back to the starting
position. In addition, maintaining the lunge position and rais-
ing and lowering the body with the trunk erect will progress
the exercise.

Patient position and procedure: Begin with the feet together,
and then have the patient lunge forward with the involved ex-
tremity using a small stride and a small amount of knee flexion
(see Fig. 20.32). Then return to the upright position by extend-
ing the knee and bringing the foot back beside the other foot.
As the patient gains control, increase the stride length and knee
flexion accordingly.

■  Maintain the knee in alignment with the toes (to avoid hip
adduction and internal rotation), and do not flex the for-
ward leg beyond a vertical line coming up from the toes.68
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FIGURE 21.27 Resisted minisquats using elastic resistance; 
closed-chain short-arc training in (A) bilateral stance and 
(B) unilateral stance.
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■  To increase the challenge, add weights around the trunk or
in the patient’s hands, and increase the speed of the activity
as control improves.

■  Progress by having the patient lunge forward in a diagonal
direction, then out to the side, then diagonally backward,
and then directly backward. (See Chapter 23 for descrip-
tions and illustrations of advanced progressions.)

Functional Progression for the Knee
To prepare for functional activities, it is important to develop
adequate strength, stability, power, muscular and cardiopul-
monary endurance, coordination and timing of movements,
and the ability to control balance and to respond to expected
or unexpected perturbations. Each of these elements is neces-
sary for skill acquisition. The principle of specificity of training
is applied to progress the patient’s activities toward the desired
functional outcomes. A brief summary of the key components
of a functional progression for knee rehabilitation follows, with
references to other chapters for additional information.

Strength and Muscle Endurance Training
Strength. Advanced strengthening often involves high-load
eccentric exercises or velocity-spectrum training. Resistance
equipment, such as a leg press unit, a Total Gym® unit, or an
isokinetic dynamometer, provide progressive loading of knee
musculature beyond that of elastic resistance and cuff
weights. During high-load, open-chain knee extension exer-
cises, placing the tibial pad of the dynamometer close to the
knee joint reduces anterior shear forces on the knee.305

Muscular endurance. To improve muscular endurance, ex-
ercises previously described in this chapter are progressed by

increasing the number of repetitions or the time spent at each
resistance level. Equipment typically used for cardiopul-
monary training, such as a treadmill, stationary bicycle, or
stair-stepping unit, also can be used to develop lower extrem-
ity muscular endurance. Characteristics of exercise regimens
designed to progressively develop strength and muscular 
endurance and features of various types of equipment are 
addressed in Chapters 6 and 7.

Cardiopulmonary Endurance Training
A progression of aerobic activities, such as swimming, cycling,
walking, running and using an upper extremity ergometer, el-
liptical trainer, stair-stepper, or cross-country ski machine are
graded to the patient’s tolerance and integrated into a rehabil-
itation program for cardiopulmonary endurance. These activ-
ities also increase muscular endurance in multiple muscle
groups. If the patient is planning on returning to a sport activ-
ity, choose a conditioning activity that best replicates the muscle
activity used. Refer to Chapter 7 for training guidelines.

Balance and Proprioceptive Activities
(Perturbation Training)
A progression of balance activities requiring trunk and lower
extremity control is an essential component of a rehabilita-
tion program to improve or restore a patient’s functional 
capabilities.75,76,294,309 As soon as partial to full weight bearing
is permitted, balance training can progress from basic activ-
ities in bilateral stance on a stable surface to more challenging
activities in unilateral stance on unstable surfaces. Examples
include stabilization exercises against alternating resistive
forces; maintaining balance during multidirectional arm
movements; and controlled weight shifting, stepping, and
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FIGURE 21.28 (A) A forward step-up with manual pressure applied to the lateral thigh to reinforce proper lower extremity alignment and 
stimulate the gluteus medius. (B) Resisted step-ups against elastic resistance or a pulley to strengthen knee extensors.
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marching movements, to more challenging activities in uni-
lateral stance on unstable surfaces. A sequence of activities
for postural control and progressive balance training is 
described and illustrated in Chapters 8, 16, and 23.

Plyometric Training and Agility Drills
Plyometrics. Plyometric training, also referred to as stretch-
shortening drills, is designed to improve power and develop
quick neuromuscular responses. This form of training is 
appropriate during the advanced phase of rehabilitation for
selected patients intending to return to high-demand work-
or sport-related activities. Training involves high-speed move-
ments and quick changes of direction. Examples of lower 
extremity plyometric training include forward-backward and
side-to-side shuffles, use of a Pro-Fitter®, and jumping on and
off surfaces of varying heights and landing using proper me-
chanics to reduce the risk of injury. Refer to Chapter 23 for a
progression of lower extremity plyometric activities.

Agility. Agility drills are designed to develop coordination,
balance, and quick neuromuscular responses. Drills involve
practicing activities that include directional changes at varying

speeds of movement. Activities include maneuvering around
or stepping over obstacles in the environment first while walk-
ing and then while running, pivoting, cutting, or hopping. 
Examples of agility drills are in Chapter 23.

Simulated Work-Related Activities 
and Sport-Specific Drills
A final component of an individualized rehabilitation pro-
gram involves practicing activities that simulate the physical
demands of a patient’s work or desired recreational or sport
activity. Simulated activities and drills enable a patient to
practice under supervised conditions to receive feedback on
correct mechanics. For example, the patient returning to a
repetitive lifting job should practice activities that develop
strength and endurance in the trunk stabilizers and hip and
knee extensors while maintaining safe body mechanics.

Examples of early balance activities for the lower extremity
are described in the exercise section of Chapter 20. A progression
of lifting tasks and application of proper body mechanics are
described in Chapters 8 and 16. Descriptions of sport-specific
drills are beyond the scope of this textbook but can be found in
a number of resources.
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Independent Learning Activities

Critical Thinking and Discussion
1. Consider each of these functional activities: Putting on socks

and shoes, rising from a chair, climbing on to a city bus.
■ What ROM is needed in the knee joint for each activity? 
■ If motion is restricted in either flexion or extension,

what muscles may also have decreased mobility? What
arthrokinematic motions may also be limited? 

■ What muscles are functioning during the activities, and
what level of strength is needed?

2. Describe an intervention program to address loss of
strength and/or ROM that is limiting these activities. What
is the logical progression of the intervention? 

3. For all the two-joint muscles that cross the knee, describe
their function at both the knee and the adjacent joint. How
can each muscle function most efficiently at the knee in
terms of its length-tension relationship?

4. Describe the function of the knee during the gait cycle.
■ How much ROM is needed, and when during the gait

cycle does the maximum degree of flexion and extension
occur?

■ When during the gait cycle is each of the muscles active
at the knee, and what are their functions?

■ What gait deviations occur when there is muscle short-
ening, muscle weakness, and joint pain? Explain why
each deviation occurs.

5. Two patients, both in their seventies, underwent TKA 10 days
ago because of joint degeneration from OA of the right

knee and have been referred to you in your home health
practice. One patient had a cemented TKA, and the other
had a “hybrid” TKA. How does their postoperative man-
agement differ, or how is it similar?

6. Describe the structures involved with a lateral retinacular
release, a proximal realignment of the extensor mecha-
nism, and a distal realignment procedure. How do these
differences impact postoperative rehabilitation?

7. What muscles could be weak or tight when a patient
demonstrates pelvic drop and valgus collapse at the knee
during a single-leg knee bend 6 months following ACL re-
construction? Describe interventions that can be used to
correct these problems.

Laboratory Practice
1. Design, set up, and perform a circuit-training course to

improve hamstring and quadriceps muscle activation,
strengthening, and balance. Sequence the activities from
basic to advanced. Observe the accuracy and safety with
each exercise, and consider the stresses involved.

2. Using mechanical resistance (pulleys, elastic resistance, and
free weights), perform exercises to meet each of these 
objectives:
■ Strengthening the quadriceps with the greatest mechan-

ical torque occurring when the knee is at 90°, at 45°, 
and at 25°.
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■ Strengthening the hamstrings with the greatest mechan-
ical torque occurring when the knee is at 90°, at 45°, 
and at 0°.

3. Review the joint mobilization techniques for the knee; 
include basic glides, accessory motions, patellar mobiliza-
tions, and mobilization with movement techniques.
■ Identify and practice techniques that increase knee 

extension, beginning with the knee at 45° and progress-
ing by 15° increments until full extension is reached.

■ Do the same for knee flexion, beginning at 25° and pro-
gressing by 15° increments until full range is achieved.
What accessory motions are necessary?

■ What knee motions may be restricted if the patella does
not glide distally?

■ What knee function may be lost if the patella does not
glide proximally?

4. Review and practice soft tissue and patellar mobilization
techniques that are used to increase the mobility of the lat-
eral retinaculum and IT band. How does mobilizing this
tissue improve patellar tracking? What proximal muscles
help to support normal patellar alignment during dynamic
activities?

5. Review and practice self-stretching techniques with and
without equipment for all of the two-joint muscles at 
the knee.

Case Studies
1. Mrs. James is a 49-year-old mother of three children. She

is in good health but is recently experiencing considerable
right knee pain, especially when standing after prolonged
sitting, when descending stairs, and when on her feet for
longer than 2 hours. She reports a right proximal tibial
fracture 15 years ago that took approximately a year to 
return to normal mobility. On examination there is no ob-
vious deformity or joint swelling. Knee flexion is 125° with
a firm end feel and pain on overpressure; extension is 0°
with firm end feel and pain on overpressure. There is a
slight decrease in posterior glide accessory motion of the

tibia and decreased mobility of the patella on the right
compared to the left. Strength of the knee flexors and ex-
tensors is 4/5 bilaterally. She complains of pain in the right
knee when squatting; pain begins at 45° flexion. She stops
when the knees are at 75°, saying it hurts too much. She
bends forward from the waist to pick up objects from the
floor. She has difficulty lowering herself down to a low
chair in a controlled manner.
■ List her impairments and functional limitations and

state appropriate goals.
■ Develop an exercise program to meet the goals. Describe

the exercises you will begin with and why they are ap-
propriate. Explain how you will progress each exercise
and the program.

■ List the possible manual techniques that would be ben-
eficial to her and describe the rationale for each one. 

■ Discuss the home exercises you would suggest and 
describe how you would teach them to her. 

2. Mr. Ray, who is 25 years of age, was in a serious automobile
accident and sustained femur and patella fractures of his
left leg. His leg was immobilized in a long-leg cast for 
3 months, followed by a short-leg cast for an additional
month. He was allowed to perform partial weight bearing
when in the short-leg cast. The cast was removed this
morning, and he is to begin rehabilitation, although he will
not be allowed full weight bearing for an additional
month. He describes significant stiffness and discomfort
when flexing his knee. Observation reveals significant 
atrophy in his left thigh and leg. There are no open sores
or joint swelling. Range is limited to 25° flexion and 20°
extension, with no joint play in the tibiofemoral or
patellofemoral joints. He has the ability to do quadriceps
and hamstring sets, but strength could not be tested.
■ Answer the same questions as in the previous case.
■ Even though patients in this and the previous case have

restricted motion and demonstrate weakness, what are
the differences in intervention strategies? Are there dif-
ferent precautions that you will follow during treat-
ment? If so, what are they?

CHAPTER 21 The Knee 841

R E F E R E N C E S

1. Allum, R: Aspects of current management: complications of arthroscopic
reconstruction of the anterior cruciate ligament. J Bone Joint Surg Br
85:12–16, 2003.

2. American Academy of Orthopedic Surgeons: ACL injury: does it require
surgery? Available at www.orthoinfo.aaos.org; Accessed February 15, 2016. 

3. American Academy of Orthopaedic Surgeons (AAOS): American Acad-
emy of Orthopaedic Surgeons clinical practice guideline on management
of anterior cruciate ligament injuries. AAOS Sept 5:619, 2014.

4. Anbari, A, and Cole, BJ: Medial patellofemoral ligament reconstruction:
a novel approach. J Knee Surg 21(3):241–245, 2008.

5. Anderson, JK, and Noyes, FR: Principles of posterior cruciate ligament
reconstruction. Orthopedics 18(5):493–500, 1995. 

6. Andriacchi, TP, and Numdermann, A: The role of ambulatory mechanics
in the initiation and progression of knee osteoarthritis. Curr Opin
Rheumatol 18:514–518. 2006.

7. Antich, TJ, and Brewster, CE: Modification of quadriceps femoris muscle
exercises during knee rehabilitation. Phys Ther 66(8):1246–1251, 1986.

8. Arendt, E, and Dick, R: Knee injury patterns among men and women in
collegiate basketball and soccer. Am J Sports Med 23(6):694–701, 1995.

9. Avramidis, K, et al: Effectiveness of electrical stimulation of the vastus
medialis muscle in the rehabilitation of patients after total knee arthro-
plasty. Arch Phys Med Rehabil 84(12):1850–1853, 2003.

10. Ayotte, NW, et al: Electromyographical analysis of selected lower extrem-
ity muscles during 5 unilateral weight-bearing exercises. J Orthop Sports
Phys Ther 37(2):48–55, 2007.

11. Bade, MJ, Kohrt, WM, and Stevens-Lapsley, JE: Outcomes before and
after total knee arthroplasty compared to healthy adults. J Orthop Sports
Phys Ther 40(9):559–567, 2010.

12. Baldon, R, et al: Effects of functional stabilization training on pain, func-
tion, and lower extremity biomechanics in women with patellofemoral
pain: a randomized clinical trial. J Ortho Sports Phys Ther 44(4):240–251,
2014.

5850_Ch21_769-848  24/08/17  10:51 AM  Page 841



13. Bartha, L, et al: Autologous osteochondral mosaicplasty grafting. 
J Orthop Sports Phys Ther 36(10):739–750, 2006.

14. Barton, CJ, Webster, KE, and Menz, HB: Evaluation of the scope and
quality of systematic reviews on nonpharmacological conservative treat-
ment for patellofemoral pain syndrome. J Orthop Sports Phys Ther 38:
529–541, 2008.

15. Berchuck, M, et al: Gait adaptations by patients who have a deficient 
anterior cruciate ligament. J Bone Joint Surg Am 72(6):871–877, 1990.

16. Berenbaum, F: Osteoarthritis, epidemiology, pathology, and pathogen-
esis. In Klippel, JH, et al (eds): Primer on the Rheumatic Diseases, ed. 12.
Atlanta: Arthritis Foundation, 2001, pp 285–293.

17. Bert, JM: Arthroscopic treatment of degenerative arthritis of the knee.
In Insall, JN, and Scott, WN (eds): Surgery of the Knee, ed. 5. New York:
Churchill Livingstone, 2012, pp 229–234.

18. Bertlet, GC, Mascia, A, and Miniaci, A: Treatment of unstable osteochon-
dritis dessicans lesions of the knee using autogenous osteochondral grafts
(mosaicplasty). Arthroscopy 15:312–316, 1999.

19. Beynnon, BD, et al: Treatment of anterior cruciate ligament injuries. 
Part 1. Am J Sports Med 33(10):1579–1602, 2005.

20. Beynnon, BD, et al: Treatment of anterior cruciate ligament injuries. 
Part 2. Am J Sports Med 33(11):1751–1767, 2005.

21. Beynnon, BD, et al: Rehabilitation after anterior cruciate ligament 
reconstruction: a prospective, randomized, double-blind comparison of
programs administered over 2 different time intervals. Am J Sports Med
33(3):347–355, 2005. 

22. Bianchi, G, et al: The use of unicondylar osteoarticular allografts in 
reconstructions around the knee. Knee 16:1–5. 2009.

23. Bizzini, M, et al: Systematic review of the quality of randomized, con-
trolled trials for patellofemoral pain syndrome. J Orthop Sports Phys 
Ther 33(1):4–20, 2003.

24. Blackburn, TA, Eiland, WG, and Bandy, WG: An introduction to the
plica. J Orthop Sports Phys Ther 3(4):171–177, 1982.

25. Bolgla, LA, et al: Hip strength and hip and knee kinematics during stair
descent in females with and without patellofemoral pain syndrome. 
J Orthop Sports Phys Ther 38(1):12–18, 2008.

26. Boling, NC, et al: Outcomes of a weight-bearing rehabilitation program
for patients diagnosed with patellofemoral pain syndrome. Arch Phys
Med Rehabil 87:1428–1435, 2006. 

27. Bollier, M, et al: Technical failure of medial patellofemoral ligament 
reconstruction. Arthroscopy 27(8):1153–1159. 2011.

28. Bonutti, PM: Minimally invasive total knee arthroplasty—Midvastus 
approach. In Hozack, WJ, et al (eds): Minimally Invasive Total Joint
Arthroplasty. Heidelberg: Springer, 2004, pp 139–145.

29. Boyce, DA, and Hanley, ST: Functional based rehabilitation of the knee
after partial meniscectomy or meniscal repair. Orthop Phys Ther Clin
North Am 3:555, 1994.

30. Bradbury, N, et al: Participation in sports after total knee replacement.
Am J Sports Med 26(4):530–535, 1998.

31. Brand, J, Jr, et al: Graft fixation in cruciate ligament reconstruction. 
Am J Sports Med 28:761–774, 2000.

32. Brittberg, M, and Winalski, CS: Evaluation of cartilage injuries and 
repair. J Bone Joint Surg Am 85-A(Suppl 2):58–69, 2003.

33. Brodersen, MP: Anterior cruciate ligament reconstruction. In Morrey,
BF (ed): Reconstructive Surgery of the Joints, ed. 2. New York: Churchill
Livingstone, 1996, p 1639.

34. Brownstein, BA, Lamb, RL, and Mangine, RE: Quadriceps, torque, and
integrated electromyography. J Orthop Sports Phys Ther 6(6):309–314,
1985.

35. Buckwalter, JA, and Ballard, WT: Operative treatment of arthritis. In
Klippel, JH (ed): Primer on the Rheumatic Diseases, ed. 12. Atlanta:
Arthritis Foundation, 2001, pp 613–623.

36. Bynum, EB, Barrick, RL, and Alexander, AH: Open versus closed kinetic
chain exercises after anterior cruciate ligament reconstruction: a prospec-
tive study. Am J Sports Med 23(4):401–406, 1995.

37. Cailliet, R: Knee Pain and Disability, ed. 3. Philadelphia: F.A. Davis, 1992.
38. Callaghan, JJ, et al: Mobile-bearing knee replacement: concepts and re-

sults. Instr Course Lect 50:431–449, 2001. 

39. Cameron, H, and Brotzman, SB: The arthritic lower extremity. In 
Brotzman, SB, and Wilk, KE (eds): Clinical Orthopedic Rehabilitation,
ed. 2. Philadelphia: Mosby, 2003, pp 441–474.

40. Camp, CL, et al: Medial patellofemoral ligament repair for recurrent
patellar dislocation. Am J Sports Med 38(11):2248–2254, 2010.

41. Carrey, CT, and Tria, AJ: Surgical principles of total knee replacement:
incisions, extensor mechanism, ligament balancing. In Pellicci, PM, Tria,
AJ, and Garvin, KL (eds): Orthopedic Knowledge Update, 2. Hip and Knee
Reconstruction. Rosemont, IL: American Academy of Orthopedic 
Surgeons, 2000, p 281.

42. Chinkulprasert, C, Vachalathiti, R, and Powers, CM: Patellofemoral joint
forces and stress during forward step-up, lateral step-up, and forward
step-down exercises. J Orthop Sports Phys Ther (41(4):241–248, 2011.

43. Chu, BI, et al: Surgical techniques and postoperative rehabilitation for
isolated posterior cruciate ligament injury. Orthop Phys Ther Prac
19(3):185–189, 2007.

44. Chu, C: Cartilage therapies: Chondrocyte transplantation, osteochondral
allografts, and autographs. In Pedowitz, RA, O’Conor, JJ, and Akeson,
WH (eds): Daniel’s Knee Injuries: Ligament and Cartilage Structure, Func-
tion, Injury, and Repair, ed. 2. Philadelphia: Lippincott Williams &
Wilkins, 2003, pp 227–237.

45. Clifton, R, Ng, CY, and Nutton, RW: What is the role of lateral retinacular
release? J Bone Joint Surg Br 92(1):1–6, 2010.

46. Clijsen, R, Suchs, J, and Taeymans, J: Effectiveness of exercise therapy in
treatment of patients with patellofemoral pain syndrome: systematic 
review and meta-analysis. Phys Ther, 94:1697–1708, 2014.

47. Colvin, AC, and West, RV: Patellar instability. J Bone Joint Surg Am 90:
2751–2762, 2008.

48. Cooper, DE, DeLee, MD, and Ramamurthy, S: Reflex sympathetic 
dystrophy of the knee. J Bone Joint Surg Am 71(3):365–369, 1989.

49. Crossley, K, et al: A systematic review of physical interventions for
patellofemoral pain syndrome. Clin J Sport Med 11(2):103–110, 2001.

50. Cyriax, J: Textbook of Orthopaedic Medicine, Vol 1. Diagnosis of Soft Tissue
Lesions, ed. 8. London: Bailliere Tindall, 1982.

51. D’Amato, M, and Bach, BR: Knee injuries. In Brotzman, SB, and Wilk,
KE (eds): Clinical Orthopedic Rehabilitation, ed. 2. Philadelphia: Mosby,
2003, pp 251–370.

52. D’Antonio, JA: Complications of total hip and knee arthroplasty: lessons
learned. In Hozack, WJ, et al (eds): Minimally Invasive Total Joint Arthro-
plasty. Heidelberg: Springer, 2004, pp 304–308.

53. Davis, I, Ireland, ML, and Hanaki, S: ACL injuries—the gender bias. 
J Orthop Sports Phys Ther 37(2):A1–A7, 2007.

54. Davis, IS, and Powers, C: Patellofemoral pain syndrome: proximal, distal,
and local factors. J Orthop Sports Phys Ther 40(3):A3–A9, 2010. 

55. De Caro, F, et al: Large fresh osteochondral allografts of the knee: A sys-
tematic clinical and basic science review of the literature. Arthroscopy
31(4):757–765. 2015.

56. de Jong Z, et al: Long-term follow-up of a high-intensity exercise pro-
gram in patients with rheumatoid arthritis. Clin Rheumatol 28(6):
663–671, 2009.

57. de Jong, Z, and Vlieland, TP: Safety of exercise in patients with rheuma-
toid arthritis. Curr Opin Rheumatol 17(2):177–182, 2005. 

58. Dewan, AK, et al: Evolution of autologous chondrocyte repair and com-
parison to other cartilage repair techniques. Biomed Research Interna-
tional Article ID 272481:11 pages, 2014.

59. Deyle, GD, et al: Physical therapy treatment effectiveness for osteoarthri-
tis of the knee: a randomized comparison of supervised clinical exercise
and manual therapy procedures versus a home exercise program. Phys
Ther 85:1301–1317, 2005.

60. Dixon, MC, et al: Modular fixed-bearing total knee arthroplasty with re-
tention of the posterior cruciate ligament: a study of patients followed
for a minimum of fifteen years. J Bone Joint Surg Am 87(3):598–603,
2005. 

61. Dolak, KL, et al: Hip strengthening prior to functional exercises reduces
pain sooner than quadriceps strengthening in females with
patellofemoral pain syndrome: a randomized clinical trial. J Orthop
Sports Phys Ther 41(8):560–570, 2011.

842 Exercises to Develop and Improve Muscle Performance and Functional Control

5850_Ch21_769-848  24/08/17  10:51 AM  Page 842



62. Drez, D, Edwards, TB, and Williams, CS: Results of medial patellofemoral
ligament reconstruction in the treatment of patellar dislocations.
Arthroscopy 17(3):298–306, 2001.

63. Dunn, WR, et al: The effect of anterior cruciate ligament reconstruction
on the risk of knee re-injury. Am J Sports Med 32(8):1906–1914, 2004.

64. Eitzen, I, et al: A progressive 5-week exercise therapy program leads to
significant improvement in knee function early after anterior cruciate lig-
ament reconstruction. J Orthop Sports Phys Ther 40(11):705–721, 2010.

65. Eng, JJ, and Peirrynowski, MR: Evaluation of soft foot orthotics in the
treatment of patellofemoral pain syndrome. Phys Ther 73(2):62–68,
1993.

66. Enloe, J, et al: Total hip and knee replacement programs: a report using
consensus. J Orthop Sports Phys Ther 23(1):3–11, 1996.

67. Escamilla, RF, et al: Biomechanics of the knee during closed kinetic chain
and open kinetic chain exercises. Med Sci Sports Exerc 30(4):556–569, 1998.

68. Escamilla, RF, et al: Patellofemoral joint force and stress between a short-
and long-step forward lunge. J Orthop Sports Phys Ther 38(11):681–690,
2008.

69. Ethgen, O, et al: Health-related quality of life in total hip and total knee
arthroplasty: a qualitative and systematic review of the literature. J Bone
Joint Surg Am 86:963–974, 2004.

70. Farquhar, SJ, Reisman, DS, and Snyder-Mackler, L: Persistence of altered
movement patterns during a sit-to-stand task 1 year following unilateral
total knee arthroplasty. Phys Ther 88(5):567–579, 2008.

71. Feller, JA, and Webster, KE: A randomized comparison of patellar tendon
and hamstring tendon anterior cruciate ligament reconstruction. 
Am J Sports Med 31(4):564–573, 2003.

72. Fineberg, MS, Zarins, B, and Sherman, OH: Practical considerations in
anterior cruciate ligament replacement surgery. Arthroscopy 16(7):
715–724, 2000.

73. Finger, S, and Paulos, LE: Arthroscopic-assisted posterior cruciate liga-
ment repair/reconstruction. In Jackson, DW (ed): Master Techniques in
Orthopedic Surgery: Reconstructive Knee Surgery, ed. 2. Philadelphia: 
Lippincott Williams & Wilkins, 2003, pp 159–177.

74. Fisher, NM, et al: Quantitative effects of physical therapy on muscular
and functional performance in subjects with osteoarthritis of the knees.
Arch Phys Med Rehabil 74(8):840–847, 1993.

75. Fitzgerald, GK, et al: The efficacy of perturbation training in nonopera-
tive anterior cruciate ligament rehabilitation programs for physically 
active individuals. Phys Ther 80(2):128–140, 2000.

76. Fitzgerald, GK, Axe, MJ, and Snyder-Mackler, L: Proposed practice guide-
lines for nonoperative anterior cruciate ligament rehabilitation of phys-
ically active individuals. J Orthop Sports Phys Ther 30:194–203, 2000.

77. Fitzgerald, GK, Piva, SR, and Irrgang, JJ: Reports of knee instability in
knee osteoarthritis: prevalence and relationship to physical function.
Arthritis Rheum 51:941–946, 2004.

78. Ford, DH, and Post, WR: Open or arthroscopic lateral release: indica-
tions, techniques, and rehabilitation. Clin Sports Med 16:29–49, 1997.

79. Fortin, PR, et al: Outcomes of total hip and knee replacement: preoper-
ative functional status predicts outcomes at six months after surgery.
Arthritis Rheum 42:1722–1728, 1999.

80. Fransen, M, McConnell, S, and Bell, M: Exercise for osteoarthritis of the
hip or knee. The Cochrane Database of Systematic Reviews 2003, Issue 2.
Art. No.: CD004376. doi:10.1002/14561858.CD004376.

81. Fu, FH, et al: Current trends in anterior cruciate ligament reconstruction.
Part I. Biology and biomechanics of reconstruction. Am J Sports Med
27(6):821–830, 1999.

82. Fu, FH, et al: Current trends in anterior cruciate ligament reconstruction.
Part II. Operative procedures and clinical correlations. Am J Sports Med
28(1):124–130, 2000.

83. Fujimoto, E, et al: An early return to vigorous activity may destabilize
anterior cruciate ligaments reconstructed with hamstring grafts. Arch
Phys Med Rehabil 85:298–302, 2004.

84. Fukuda, TY, et al: Short-term effects of hip abductors and lateral rotators
strengthening in females with patellofemoral pain syndrome: a random-
ized, controlled clinical trial. J Orthop Sports Phys Ther 40(11):736–742,
2010.

85. Fulkerson, JP: Anteromedial tibial tubercle transfer. In Jackson, DW (ed):
Master Techniques in Orthopedic Surgery: Reconstructive Knee Surgery,
ed. 2. Philadelphia: Lippincott Williams & Wilkins, 2006, pp 13–25.

86. Fulkerson, JP: Diagnosis and treatment of patients with patellofemoral
pain (Review). Am J Sports Med 30:447–456, 2002. 

87. Gandhi, R, et al. Complications after minimally invasive total knee
arthroplasty as compared with traditional incision techniques: a 
meta-analysis. J Arthroplasty. 26:29–35, 2011.

88. Garth, WP, DiChristina, DG, and Holt, G: Delayed proximal repair and
distal realignment after patellar dislocation. Clin Orthop 377:132–144,
2000.

89. Gasser, SI, and Jackson, DW: Arthroscopic lateral release of the patella
with radiofrequency ablation. In Jackson, DW (ed): Master Techniques
in Orthopedic Surgery: Reconstructive Knee Surgery, ed. 2. Philadelphia:
Lippincott Williams & Wilkins, 2006, pp 3–13.

90. Gerber, JP, et al: Safety, feasibility, and efficacy of negative work exercise
via eccentric muscle activity following anterior cruciate ligament 
reconstruction. J Orthop Sports Phys Ther 37(1):10–18, 2007.

91. Gersoff, WK: Meniscal transplantation. In Mirzayan, P (ed): Cartilage
Injury in the Athlete. New York: Thieme, 2006, pp 263–271. 

92. Giles, LS, et al: Does quadriceps atrophy exist in individuals with
patellofemoral pain? A systematic literature review with meta-analysis. 
J Orthop Sports Phys Ther 43(11):766–776, 2013.

93. Giles, LS, et al: Atrophy of the quadriceps is not isolated to the vastus
medialis oblique in individuals with patellofemoral pain. J Orthop
Sports Phys Ther 45(8):613–619, 2015.

94. Gill, TJ, Asnis, PD, and Berkson, EM: The treatment of articular carti-
lage defects using the microfracture technique. J Orthop Sports Phys
Ther 36(10):728–738, 2006.

95. Gillogly, SD, Myers, TH, and Reinold, MM: Treatment of full-thickness
chondral defects in the knee with autologous chondrocyte implanta-
tion. J Orthop Sports Phys Ther 36(10):751–764, 2006.

96. Goodfellow, J, Hungerford, D, and Woods, C: Patello-femoral joint me-
chanics and pathology of chondromalacia patellae. J Bone Joint Surg 
Br 58(3):291–299, 1976.

97. Gose, JC: CPM in the postoperative treatment of patients with total
knee replacements. Phys Ther 67(1):39–42, 1987.

98. Grelsamer, RP, and Klein, JR: The biomechanics of the patellofemoral
joint. J Orthop Sports Phys Ther 28(5):286–298, 1998.

99. Grelsamer, RP, and McConnell, J: The Patella: A Team Approach.
Gaithersburg, MD: Aspen, 1998.

100. Griffin, LY, et al: Noncontact anterior cruciate ligament injuries: risk
factors and prevention strategies. J Am Acad Orthop Surg 8(3):141–150,
2000.

101. Grood, ES, et al: Biomechanics of the knee: extension exercise. J Bone
Joint Surg Am 66(5):725–734, 1984.

102. Gross, MT, and Foxworth, JL: The role of foot orthoses as an intervention
for patellofemoral pain. J Orthop Sports Phys Ther 33(11):661–670, 2003.

103. Gryzlo, SM, et al: Electromyographic analysis of knee rehabilitation 
exercises. J Orthop Sports Phys Ther 20(1):36–43, 1994.

104. Gupte, CM, et al: A review of the function and biomechanics of the
meniscofemoral ligaments. Arthroscopy 19(2):161–171, 2003. 

105. Hall, MJ, and Mandalia, VI: Tibial tubercle osteotomy for patella-
femoral joint disorders. Knee Surg Sports Traumatol Arthroscopy
Oct 2014, doi:10.1007/s00167-014-3388-4.

106. Hangood, L: Mosaicplasty. In Insall, JN, and Scott, WN (eds): Surgery
of the Knee, Vol 1, ed. 3. New York: Churchill Livingstone, 2001, p 357.

107. Hartigan, EH, Axe, MJ, and Snyder-Mackler, L: Timeline for noncopers
to return-to-sports criteria after anterior cruciate ligament reconstruc-
tion. J Orthop Sports Phys Ther 40(3):141–154, 2010.

108. Hartigan, E, Lewek, M, and Snyder-Mackler, L: The knee. In Levangie,
PK, and Norkin, CC (ed): Joint Structure and Function: A Comprehensive
Analysis, ed. 5. Philadelphia: F.A. Davis, 2011, pp 396–439. 

109. Harvey, LA, Brosseau, L, and Herbert, RD: continuous passive motion
following total knee arthroplasty in people with arthritis. Cochrane
Database of Systematic Reviews Issue 2:Article number CD004260, 2014.
doi: 10.1002/14651858.CD004260.pub3.

CHAPTER 21 The Knee 843

5850_Ch21_769-848  24/08/17  10:51 AM  Page 843



110. Healy, WL, Iorio, R, and Lemos, MJ: Athletic activity after total knee
arthroplasty. Clin Orthop 390:65–71, 2000.

111. Heckman, TP, Barber-Westin, SD, and Noyes, FR: Meniscal repair and
transplantation: indications, techniques, rehabilitation, and clinical 
outcomes. J Orthop Sports Phys Ther 36(10):795–815, 2006.

112. Heckman, TP, Noyes, FR, and Barber-Westin, SD: Autogenic and allo-
genic anterior cruciate ligament rehabilitation. In Ellenbecker, TS (ed):
Knee Ligament Rehabilitation. New York: Churchill Livingstone, 2000,
p 132.

113. Heiderscheidt, B: Lower extremity hip injuries: is it just about strength?
(Editorial) J Orthop Sports Phys Ther 40(2):39–41. 2010. 

114. Henning, CE, et al: Arthroscopic meniscal repair using an exogenous
fibrin clot. Clin Orthop Relat Res 252:64–72. 1990.

115. Herrington, L, and Al-Sherhi, A: A controlled trial of weight-bearing
versus nonweight-bearing exercises for patellofemoral pain. J Orthop
Sports Phys Ther 37(4):155–160, 2007.

116. Hewett, TE, Blum, KR, and Noyes, FR: Gait characteristics of the ante-
rior cruciate ligament-deficient varus knee. Am J Knee Surg 10(4):
246–254, 1997.

117. Hewitt, B, and Shakespeare, D: Flexion versus extension: a comparison
of postoperative total knee arthroplasty mobilization regimes. Knee
8:305–309, 2001.

118. Hiemstra, LA, Lo, I, and Fowler, PJ: Effect of fatigue on knee proprio-
ception: implications for dynamic stabilization. J Orthop Sports Phys
Ther 31(10):598–605, 2001.

119. Hinton, RY, and Sharma, KM: Acute and recurrent patellar instability
in the young athlete. Orthop Clin North Am 34:385–396, 2003.

120. Holmes, SW, and Clancy, WG: Clinical classification of patellofemoral
pain and dysfunction. J Orthop Sports Phys Ther 28(5):299–306, 1998.

121. Hurd, WJ, Axe, MJ, and Snyder-Mackler, L: A 10-year prospective trial
of a patient management algorithm and screening examination for
highly active individuals with anterior cruciate ligament injury. Part 1.
Outcomes. Am J Sports Med 36:40–47, 2008.

122. Hurd, WJ, Axe, MJ, and Snyder-Mackler, L: A 10-year prospective trial
of a patient management algorithm and screening examination for
highly active individuals with anterior cruciate ligament injury. Part 2.
Determinants of dynamic knee stability. Am J Sports Med 36:48–56,
2008.

123. Insall, JN, and Clark, HD: Historic development, classification and
characteristics of total knee prostheses. In Insall, JN, and Scott, WN
(eds): Surgery of the Knee, Vol 2, ed. 3. New York: Churchill Livingstone,
2001, p 1516.

124. Insall, JN, and Easley, ME: Surgical techniques and instrumentation in
total knee arthroplasty. In Insall, JN, and Scott, WN (eds): Surgery of
the Knee, Vol 2, ed. 3. New York: Churchill Livingstone, 2001, p 1553.

125. Ireland, ML, et al: Hip strength in females with and without
patellofemoral pain. J Orthop Sports Phys Ther 33(11):671–676, 2003.

126. Jain, NB, et al: Trends in epidemiology of knee arthroplasty in the
United States 1990–2000. Arthritis Rheum 52(12):3928–3933, 2005.

127. Jamtvedt, G, et al: Physical therapy interventions for patients with 
osteoarthritis of the knee: an overview of systematic reviews. Phys Ther
88(1):123–136, 2008.

128. Jarit, GJ, and Bosco, JA: Meniscal repair and reconstruction. Bull NYU
Hosp Joint Diseases 68(2):84–90. 2010.

129. Jarvenpaa, J, et al: Obesity may impair the early outcome of total knee
arthroplasty. Scand J Surg 99(1):45–49, 2010.

130. Jenkins, C, et al: After partial knee replacement patients can kneel, but
they need to be taught to do so: a single-blind, randomized, controlled
trial. Phys Ther 88(9):1012–1021, 2008.

131. Johnson, DP: The effect of continuous passive motion on wound heal-
ing and joint mobility after knee arthroplasty. J Bone Joint Surg Am
72(3):421–426, 1990.

132. Johnston, L, et al: The knee arthroplasty trial (KAT) design features,
baseline characteristics, and two-year functional outcomes after alter-
native approaches to knee replacement. J Bone Joint Surg Am 91(1):
134–141, 2009.

133. Jones, CA, Voaklander, DL, and Suarez-Almazor, ME: Determinants of
function after total knee arthroplasty. Phys Ther 83(8):696–706, 2003.

134. Kaltenborn, FM, et al: Manual Mobilization of the Joints: Joint Exami-
nation and Basic Treatment, Vol I. The Extremities, ed. 8. Oslo, Norway:
Morli, 2014.

135. Karst, GM, and Jewett, PD: Electromyographic analysis of exercises pro-
posed for differential activation of medial and lateral quadriceps
femoris muscle components. Phys Ther 73(5):286–295, 1993.

136. Kegerreis, S, Malone, T, and Ohnson, F: The diagonal medial plica: an
underestimated clinical entity. J Orthop Sports Phys Ther 9(9):305–309,
1988.

137. Kennedy, DM, et al: Assessing recovery and establishing prognosis fol-
lowing total knee arthroplasty. Phys Ther 88(1):22–32, 2008.

138. Khatod, M, and Akeson, WH: Ligament injury and repair. In Pedowitz,
RA, O’Connor, JJ, and Akeson, WH (eds): Daniel’s Knee Injuries: Ligament
and Cartilage Structure, Function, Injury, and Repair, ed. 2. Philadelphia:
Lippincott Williams & Wilkins, 2003, pp 185–201. 

139. Khayambashi, K, et al: The effects of isolated hip abductor and external
rotator muscle strengthening on pain, health status, and hip strength
in females with patellofemoral pain: a randomized controlled trial. 
J Orthop Sports Phys Ther 42(1):22–29, 2011.

140. Kim, CW, and Pedowitz, RA: Principles of surgery. Part A. Graft choice
and the biology of graft healing. In Pedowitz, RA, O’Connor, JJ, and
Akeson, WH (eds): Daniel’s Knee Injuries: Ligament and Cartilage Struc-
ture, Function, Injury, and Repair, ed. 2. Philadelphia: Lippincott
Williams & Wilkins, 2003, pp 435–455.

141. Kim, K, et al: Effects of neuromuscular electrical stimulation after an-
terior curciate ligament reconstruction on quadriceps strength, function,
and patient-oriented outcomes: a systematic review. J Orthop Sports Phys
Ther 40(7):383–391, 2010.

142. Koeter, S, Diks, MJ, and Anderson PG: A modified tibial tubercle os-
teotomy for patellar maltracking: results at two years. J Bone Joint Surg
Br 89:180–185, 2007.

143. Koh, JL, Hangody, L, and Rathonyi, GK: Osteochondral autograft trans-
fer (OATS/mosaicplasty). In Mirzayan, R (ed): Cartilage Injury in the
Athlete. New York: Thieme Medical Publishing, 2006, pp 124–140.

144. Kolessar, DJ, and Rand, JA: Extensor mechanism problems following
total knee arthroplasty. In Morrey, BF (ed): Reconstructive Surgery of the
Joints, ed. 2. New York: Churchill Livingstone, 1996, p 1533. 

145. Kooiker, L, et al: Effects of physical therapist-guided quadriceps-
strengthening exercises for the treatment of patellofemoral pain syn-
drome: a systematic review. J Orthop Sports Phys Ther 44(6):391–402,
2014. 

146. Kremers, HM, et al: Prevalence of total hip and knee replacement in the
United States. J Bone Joint Surg Am 97:1386–1397. 2015.

147. Kuster, MS: Exercise recommendations after total joint replacement: a
review of the current literature and proposal of scientifically based
guidelines. Sports Med 32(7):433–445, 2002.

148. Kvist, J: Rehabilitation following anterior cruciate ligament injury: cur-
rent recommendations for sports participation. Sports Med 34:269–280,
2004. 

149. Lack, S, et al: Proximal muscle rehabilitation is effective for patellofemoral
pain: A systematic review with meta-analysis. Br J Sports Med 49(21):
1365–1376, 2015.

150. Laimins, PD, and Powell, SE: Principles of surgery. Part C. Anterior cru-
ciate ligament reconstruction: Techniques past and present. In Pedowitz,
RA, O’Connor, JJ, and Akeson, WH (eds): Daniel’s Knee Injuries: Ligament
and Cartilage Structure, Function, Injury, and Repair, ed. 2. Philadelphia:
Lippincott Williams & Wilkins, 2003, pp 472–491.

151. Lankhorst, NE, Bierma-Zeinstra, SMA, Van Middlekpoop, M: Risk fac-
tors for patellofemoral pain syndrome: a systematic review. J Orthop
Sports Phys Ther 42(2):81–93, 2012.

152. Lee, S, et al: Outcome of anterior cruciate ligament reconstruction using
quadriceps tendon autograft. Arthroplasty 20:795–802, 2004.

153. Lewis, PB, et al: Basic science and treatment options for articular carti-
lage injuries. J Orthop Sports Phys Ther 36(10):717–728, 2006.

844 Exercises to Develop and Improve Muscle Performance and Functional Control

5850_Ch21_769-848  24/08/17  10:51 AM  Page 844



154. Lin, F, et al: In vivo and noninvasive six degrees of freedom patellar
tracking during voluntary knee movement. Clin Biomech 18:401–409,
2003.

155. Lizaur, A, Marco, L, and Cebrian, R: Preoperative factors influencing
the range of movement after total knee arthroplasty for severe 
osteoarthritis. J Bone Joint Surg Br 79(4):626–629, 1997.

156. Logan, M, et al: The effect of posterior cruciate ligament deficiency on
knee kinematics. Am J Sports Med 32(8):1915–1922, 2004.

157. Logerstedt, D, and Sennett, BJ: Case series utilizing drop-out casting for
the treatment of knee joint extension motion loss following anterior
cruciate ligament reconstruction. J Orthop Sports Phys Ther 37(7):
404–411, 2007.

158. Logerstedt, DS, et al: Knee pain and mobility impairments: meniscal
and articular cartilage lesions. J Orthop Sports Phys Ther 40(6):A1–A35.
2010.

159. Logerstedt DS, et al: Knee stability and movement coordination im-
pairments: knee ligament sprain. J Orthop Sports Phys Ther 40(4):
A1–A37, 2010.

160. Lohmander, LS, et al: The long-term consequences of anterior cruciate
ligament and meniscus injuries: osteoarthritis. Am J Sports Med 35:
1756–1769, 2007.

161. Lynch, PA, et al: Deep venous thrombosis and continued passive motion
after total knee arthroplasty. J Bone Joint Surg Am 70(1):11–14, 1988.

162. Magee, DJ: Orthopedic Physical Assessment, ed. 6. Philadelphia: Saunders
(Elsevier), 2014.

163. Mahoney, OM, et al: The effect of total knee arthroplasty design on ex-
tensor mechanism function. J Arthroplasty 17:416–421, 2002.

164. Mangine, RE, et al: Postoperative management of the patellofemoral
patient. J Ortho Sports Phys Ther 28(5):323–335, 1998.

165. Manifold, SG, Cushner, FD, and Scott, WN: Anterior cruciate ligament
reconstruction with bone-patellar tendon-bone autograft: Indications,
technique, complications, and management. In Insall, JN, and Scott,
WN (eds): Surgery of the Knee, Vol 1, ed. 3. New York: Churchill Living-
stone, 2001, p 665.

166. Martin, RL, and Kivlan, B: The ankle and foot complex. In Levangie,
PK, and Norkin, CC (eds): Joint Structure and Function. A Comprehen-
sive Analysis, ed. 5. Philadelphia: F.A. Davis, 2011, pp 444–485.

167. Martin, SD, Scott, RD, and Thornhill, TS: Current concepts of total knee
arthroplasty. J Orthop Sports Phys Ther 28(4):252–261, 1998.

168. Mascal, CL, Landel, R, and Powers, C: Management of patellofemoral
pain targeting hip, pelvis, and trunk muscle function: 2 case reports. 
J Orthop Sports Phys Ther 33(11):642–660, 2003.

169. Matsumoto, A, et al: A comparison of bone-patellar tendon-bone and
bone-hamstring tendon-bone autografts for anterior cruciate ligament
reconstruction. Am J Sports Med 34(2):213–219, 2006.

170. Mauro, CS, et al: Loss of extension following anterior cruciate ligament
reconstruction: analysis of incidence and etiology using IKDC criteria.
Arthroscopy 24:146–153, 2008.

171. McCarthy, MR, et al: The effects of immediate continuous passive 
motion on pain during the inflammatory phase of soft tissue healing
following anterior cruciate ligament reconstruction. J Orthop Sports
Phys Ther 17(2):96–101, 1993.

172. McConnell, J: The management of chondromalacia patellae: a long-
term solution. Aust J Physiother 32:215–233, 1986.

173. McDevitt, ER, et al: Functional bracing after anterior cruciate ligament
reconstruction: a prospective, randomized, multicenter study. Am J Sports
Med 32(8):1887–1892, 2004.

174. McGrory, BJ, Stuart, MJ, and Sim, FH: Participation in sports after hip
and knee arthroplasty: review of literature and survey of surgeon pref-
erences. Mayo Clin Proc 70:342–348, 1995.

175. McHugh, MP, et al: Preoperative indicators of motion loss and weakness
following anterior cruciate ligament reconstruction. J Orthop Sports
Phys Ther 27(6):407–411, 1998.

176. McInnes, J, et al: A controlled evaluation of continuous passive motion
in patients undergoing total knee arthroplasty. JAMA 268(11):
1423–1428, 1992.

177. McKenzie, K, et al: Lower extremity kinematics of females with
patellofemoral pain syndrome with stair stepping. J Orthop Sports Phys
Ther 40(10):625–632, 2010.

178. McKinnis, LN: Fundamentals of Musculoskeletal Imaging, ed. 4. Philadelphia:
F.A. Davis, 2014.

179. McLaughin, J, et al: Rehabilitation after meniscus repair. Orthopedics
17(5):463–471, 1994.

180. Meier, W, et al: Total knee arthroplasty: muscle impairments, functional
limitations, and recommended rehabilitation approaches. J Orthop
Sports Phys Ther 38(5):246–256, 2008.

181. Mikkelsen, C, Werner, S, and Eriksson, E: Closed kinetic chain alone
compared to combined open and closed kinetic chain quadriceps
strengthening with respect to return to sports: a prospective, matched,
follow-up study. Knee Surg Sports Traumatol Arthrosc 8:337–342, 2000.

182. Miller, SL, and Gladstone, JN: Graft selection in anterior cruciate liga-
ment reconstruction. Orthop Clin North Am 33:675–638, 2002.

183. Minas, T, and Bryant, T: The role of autologous chondrocyte implan-
tation in the patellofemoral joint. Clin Orthop 436:30–39, 2005.

184. Minas, T: Surgical management of patellofemoral disease. In
Mizrayan, R (ed): Cartilage Injury in the Athlete. New York: Thieme,
2006, pp 273–285.

185. Mintken, PE, et al: Early neuromuscular electrical stimulation to opti-
mize quadriceps muscle function following total knee arthroplasty: a
case report. J Orthop Sports Phys Ther 37(7):364–371, 2007.

186. Mirza, F, et al: Management of injuries to the anterior cruciate ligament:
results of a survey of orthopaedic surgeons in Canada. Clin J Sport Med
10(2):85–88, 2000.

187. Mizner, RL, Petterson, SC, and Snyder-Mackler, L: Quadriceps strength
and time course of functional recovery after total knee arthroplasty. 
J Orthop Sports Phys Ther 35(7):424–436, 2005.

188. Mizner, RL, Stevens, JE, and Snyder-Mackler, L: Voluntary activation
and decreased force production of the quadriceps femoris muscle after
total knee arthroplasty. Phys Ther 83(4):359–365, 2003.

189. Moffet, H, et al: Effectiveness of intensive rehabilitation on functional
ability and quality of life after first total knee arthroplasty: a single-
blind, randomized trial. Arch Phys Med Rehabil 85:546–555, 2004.

190. Moksnes, H, Snyder-Mackler, L, and Risberg, MA: Individuals with an
anterior cruciate ligament-deficient knee classified as noncopers may
be candidates for nonsurgical rehabilitation. J Orthop Sports Phys Ther
38(10):586–595, 2008.

191. Mologne, TS, and Friedman, MJ: Arthroscopic anterior cruciate recon-
struction with hamstring tendons: Indications, surgical technique, com-
plications, and their treatment. In Insall, JN, and Scott, WN (eds): Surgery
of the Knee, Vol 1, ed. 3. New York: Churchill Livingstone, 2001, p 681.

192. Mooney, MF, and Rosenberg, TD: Meniscus repair: The inside-out tech-
nique. In Jackson, DW (ed): Master Techniques in Orthopedic Surgery:
Reconstructive Knee Surgery, ed. 2. Philadelphia: Lippincott Williams &
Wilkins, 2003, pp 57–71.

193. Morgan, CD, and Leitman, EH: Meniscus repair: the all-inside arthro-
scopic technique. In Jackson, DW (ed): Master Techniques in Orthopedic
Surgery: Reconstructive Knee Surgery, ed. 2. Philadelphia: Lippincott
Williams & Wilkins, 2003, pp 73–91.

194. Morrey, BF, and Pagnano, MW: Mobile-bearing knee. In Morrey, BF (ed):
Joint Replacement Arthroplasty, ed. 3. Philadelphia: Churchill Livingstone,
2003, pp 1013–1022.

195. Mulligan, BR: Manual Therapy “NAGS”, “SNAGS”, “MWM’s”: etc., ed. 6.
Wellington: Plane View Services Limited, 2010.

196. Mulvey, TJ, et al: Complications associated with total knee arthroplasty.
In Pellicci, PM, Tria, AJ, and Garvin, KL (eds): Orthopedic Knowledge
Update 2. Hip and Knee Reconstruction. Rosemont, IL: American Acad-
emy of Orthopedic Surgeons, 2000, p 323.

197. Murray, DW: Mobile bearing unicompartmental knee replacement. 
Orthopedics 28(9):985–987, 2005.

198. Myer, GD, et al: Rehabilitation after anterior cruciate ligament recon-
struction: criterion-based progression through the return-to-sport
phase. J Orthop Sports Phys Ther 36(6):385–402, 2006.

CHAPTER 21 The Knee 845

5850_Ch21_769-848  24/08/17  10:51 AM  Page 845



199. Myers, P, et al: The three-in-one proximal and distal soft tissue patellar
realignment procedure: results and its place in the management of
patellofemoral instability. Am J Sports Med 27:575–579, 1999.

200. Nakagawa, TH, Muniz, TB, and Baldon, R: The effect of additional
strengthening of hip abductor and lateral rotator muscles in
patellofemoral pain syndrome: a randomized, controlled pilot study.
Clin Rehabil 22:1051–1056, 2008.

201. Noyes, FR, and Albright, JC: Reconstruction of the medial patellofemoral
ligament with autologous quadriceps tendon. Arthroscopy 22(8):904, 
e1–e7, 2006. 

202. Noyes, FR, and Barber-Westin, SD: Meniscal transplantation in symp-
tomatic patients under fifty years of age. Survivorship analysis. J Bone
Joint Surg Am 97:1209–1219. 2015.

203. Noyes, FR, and Barber-Westin, SD: Arthroscopic repair of meniscus
tears extending into the avascular zone with or without anterior cruciate
ligament reconstruction in patients 40 years of age and older.
Arthroscopy 16(8):882–829, 2000.

204. Noyes, FR, and Barber-Westin, SD: Arthroscopic repair of meniscal
tears extending into the avascular zone in patients younger than twenty
years of age. Am J Sports Med 30(4):589–600, 2002.

205. Noyes, FR, Barber, SD, and Mangine, RE: Bone-patellar ligament-bone
and fascia lata allografts for reconstruction of the anterior cruciate lig-
ament. J Bone Joint Surg Am 72(8):1125–1136, 1990.

206. Noyes, FR, Barber-Westin, SD, and Rankin, M: Meniscal transplantation
in symptomatic patients less than fifty years old. J Bone Joint Surg Am
86(7):1392–1404, 2004.

207. Noyes, FR, Barber-Westin, SD, and Rankin, M: Meniscal transplantation
in symptomatic patients less than fifty years old: surgical technique. 
J Bone Joint Surg Am 87(Suppl 1, Part 2):149–165, 2005.

208. Noyes, FR, et al: Arthroscopy in acute traumatic hemarthrosis of the
knee: incidence of anterior cruciate tears and other injuries. J Bone Joint
Surg Am 62:687–695, 1980.

209. Noyes, FR, DeMaio, M, and Mangine, RE: Evaluation-based protocol:
a new approach to rehabilitation. J Orthop Sports Phys Ther 14(12):
1383–1385, 1991.

210. Noyes, FR, Heckman, TP, and Barber-Westin, SD: Posterior cruciate 
ligament and posterolateral reconstruction. In Ellenbecker, TS (ed):
Knee Ligament Rehabilitation. New York: Churchill Livingstone, 2000,
pp 167–185.

211. Noyes, FR, Barber-Westin, SD, and Grood, ES: New concepts in the
treatment of posterior cruciate ligament ruptures. In Insall, JN, and
Scott, WN (eds): Surgery of the Knee, Vol 1, ed. 3. New York: Churchill
Livingstone, 2001, p 841.

212. Olney, SJ, and Eng, J: Gait. In Levangie, PK, and Norkin, CC (eds): Joint
Structure and Function: A Comprehensive Analysis, ed. 5. Philadelphia:
F.A. Davis, 2011, pp 528–571.

213. Ortiguera, CJ, Hanssen, AD, and Stuart, MJ: Posterior cruciate-substi-
tuting and sacrificing total knee arthroplasty. In Morrey, BF (ed): Joint
Replacement Arthroplasty, ed. 3. Philadelphia: Churchill Livingstone,
2003, pp 982–992.

214. Outerbridge, RE, and Dunlop, J: The problem of chondromalacia patel-
lae. Clin Orthop 110:177–196, 1975.

215. Pagnano, MW, Papagelopoulas, PJ, and Rand, JA: Uncemented total
knee arthroplasty. In Morrey, BF (ed): Joint Replacement Arthroplasty,
ed. 3. Philadelphia: Churchill Livingstone, 2003, pp 993–1001.

216. Pagnano, MW, and Rand, JA: Posterior cruciate ligament retaining total
knee arthroplasty. In Morrey, BF (ed): Joint Replacement Arthroplasty,
ed. 3. Philadelphia: Churchill Livingstone, 2003, pp 976–981.

217. Pagnano, MW, and Rand, JA: Unicompartmental total knee arthro-
plasty. In Morrey, BF (ed): Joint Replacement Arthroplasty, ed. 3.
Philadelphia: Churchill Livingstone, 2003, pp 1002–1012.

218. Palmitier, RA, et al: Kinetic chain exercises in knee rehabilitation. Sports
Med 11(6):402–413, 1991.

219. Palmu, S, et al: Acute patellar dislocation in children and adolescents: a
randomized, clinical trial. J Bone Joint Surg Am 90:463–470, 2008.

220. Papagelopoulos, PJ, and Sim, FH: Limited range of motion after total
knee arthroplasty: etiology, treatment, and prognosis. Orthopedics
20:1061–1065, 1997.

221. Papagelopoulos, PJ, Sim, FH, and Morrey, BF: Patellectomy and recon-
structive surgery for disorders of the patellofemoral joint. In Morrey,
BF (ed): Reconstructive Surgery of the Joints, ed. 2. New York: Churchill
Livingstone, 1996, p 1671.

222. Paris, MJ, Wilcon, RB, III, and Millett, PJ: Anterior cruciate ligament
reconstruction: surgical management and postoperative rehabilitation
considerations. Orthop Phys Ther Pract 17(4):14–24, 2005.

223. Patel, D: Arthroscopic synovectomy. In Jackson, DW (ed): Master Tech-
niques in Orthopedic Surgery: Knee Surgery, ed. 2. Philadelphia: Lippincott
Williams & Wilkins, 2003, pp 417–425.

224. Paulos, L, et al: Surgical correction of limb malalignment for instability
of the patella: a comparison of 2 techniques. Am J Sports Med
37(7):1288–1300, 2009.

225. Paulos, LE, Walther, CE, and Walker, JA: Rehabilitation of the surgically
reconstructed and nonsurgical anterior cruciate ligament. In Insall, JN,
and Scott, WN (eds): Surgery of the Knee, Vol 1, ed. 3. New York:
Churchill Livingstone, 2001, p 789. 

226. Pearsall, AW, et al: The evaluation of refrigerated and frozen osteochon-
dral allografts in the knee. Surg Sci 2:232–241. 2011.

227. Pepe, MD, Giffin, JR, and Haner, CD: Meniscal transplantation. In Jackson,
DW (ed): Master Techniques in Orthopedic Surgery: Reconstructive Knee
Surgery, ed. 2. Philadelphia: Lippincott Williams & Wilkins, Philadelphia,
2003, pp 93–101.

228. Perry, J: Gait Analysis: Normal and Pathological Function. Thorofare, NJ:
Slack, 1992.

229. Philadelphia Panel: Evidence-Based Clinical Practice Guidelines on Se-
lected Rehabilitation Interventions for Knee Pain. Phys Ther 81(10):
1675–1700, 2001.

230. Piva, SR, Coodnight, EA, and Childs, JD: Strength around the hip and
flexibility of soft tissues in individuals with and without patellofemoral
pain syndrome. J Orthop Sports Phys Ther 35(12):793–801, 2005.

231. Piva, SR, et al: A balance exercise program appears to improve function
for patients with total knee arthroplasty: a randomized, clinical trial.
Phys Ther 90(6):880–894, 2010.

232. Post, WR, and Fulkerson, JP: Surgery of the patellofemoral joint: Indi-
cations, effects, results, and recommendations. In Insall, JN, and Scott,
WN (eds): Surgery of the Knee, Vol 1, ed. 3. New York: Churchill Living-
stone, 2001, p 1045.

233. Powers, CM: The influence of abnormal hip mechanics on knee injury:
a biomechanical perspective. J Orthop Sports Phys Ther 40(2):42–51,
2010.

234. Powers, CM: The influence of altered lower-extremity kinematics on
patellofemoral joint dysfunction: a theoretical perspective. J Orthop
Sports Phys Ther 33(11):639–646, 2003. 

235. Powers, CM, et al: Patellofemoral pain: proximal, distal, and local 
factors—2nd international research retreat. J Orthop Sports Phys Ther
42(6):A1–A54, 2012.

236. Prims, MR, and van der Wurff, P: Females with patellofemoral pain syn-
drome have weak hip muscles: a systemic review. Austral J Physiother
55(1):9–15, 2009. 

237. Rabin, A, et al: Factors associated with visually assessed quality of move-
ment during a lateral step-down test among individuals with
patellofemoral pain. J Orthop Sports Phys Ther 44(12):937–946, 
2014.

238. Rajan, RA, et al: No need for outpatient physiotherapy following total
knee arthroplasty. Acta Orthop Scand 75(1):71–73, 2004.

239. Rand, JA: Cemented total knee arthroplasty: Techniques. In Morrey, BF
(ed): Reconstructive Surgery of the Joints, ed. 2. New York: Churchill Liv-
ingstone, 1996, p 1389.

240. Reinold, MM, et al: Current concepts in rehabilitation following artic-
ular cartilage repair procedures in the knee. J Orthop Sports Phys Ther
38(10):774–795, 2006.

241. Ricchetti, ET, et al: Comparison of lateral release versus lateral release
with medial soft-tissue realignment for the treatment of recurrent patel-
lar instability: a systematic review. Arthroscopy 23:463–468, 2007. 

242. Richter, DL, et al: Knee articular cartilage repair and restoration tech-
niques: A review of the literature. Sports Health doi:10.1177/
1941738115611350. 2015.

846 Exercises to Develop and Improve Muscle Performance and Functional Control

5850_Ch21_769-848  24/08/17  10:51 AM  Page 846



243. Risberg, MA, et al: Neuromuscular training versus strength training first
6 months after anterior cruciate ligament reconstruction: a randomized,
clinical trial. Phys Ther 87:737–750, 2007.

244. Risberg, MA, et al: The effect of knee bracing after anterior cruciate lig-
ament reconstruction: a prospective, randomized study with two years’
follow-up. Am J Sports Med 27:76–83, 1999.

245. Risberg, MA, et al: Design and implementation of a neuromuscular
training program following anterior cruciate ligament reconstruction.
J Orthop Sports Phys Ther 31(11):620–631, 2001.

246. Ritter, MA, et al: The effect of postoperative range of motion on func-
tional outcomes after posterior-cruciate retaining total knee arthro-
plasty. J Bone Joint Surg Am 90(4):777–784, 2008.

247. Robinson, RL, and Nee, RJ: Analysis of hip strength in females seeking
physical therapy for unilateral patellofemoral pain syndrome. J Orthop
Sports Phys Ther 37(5):232–238, 2007.

248. Roddy, E, et al: Evidence-based recommendations for the role of exer-
cise in the management of osteoarthritis of the hip or knee—The
MOVE consensus. Rheumatology 44(1):67–73, 2005.

249. Roddy, E, Zhang, W, and Doherty, M: Aerobic walking or strengthening
exercise for osteoarthritis of the knee? A systematic review. Ann Rheum
Dis 64(4):544–548, 2005.

250. Roe, J, et al: A 7-year follow-up of patellar tendon and hamstring grafts
for arthroscopic anterior cruciate ligament reconstruction: differences
and similarities. Am J Sports Med 33(9):1337–1345, 2005.

251. Rossi, MD, and Hassan, S: Lower-limb force production in individuals
after unilateral total knee arthroplasty. Arch Phys Med Rehabil 85:
1279–1284, 2003.

252. Saccomanni, B: Unicompartmental knee arthroplasty: a review of lit-
erature. Clin Rheumatol 29:339–346, 2010.

253. Sahrmann, S: Diagnosis and Treatment of Movement Impairment 
Syndromes. St. Louis: Mosby, 2002. 

254. Schache, MB, McClelland, JA, and Webster, KE: Lower limb strength
following total knee arthroplasty: A systematic review. Knee 21:12–20.
2014.

255. Schmitt, LC, et al: Instability, laxity, and physical function in patients
with medial knee osteoarthritis. Phys Ther 88(12):1506–1516, 2008.

256. Schulz, MS, et al: Epidemiology of posterior cruciate ligament injuries.
Arch Orthop Trauma Surg 123:186–191, 2003.

257. Schurman, DJ, and Rojer, DE: Total knee arthroplasty: range of motion
across five systems. Clin Orthop 430:132–137, 2005.

258. Scott, RD: Total Knee Arthroplasty. Philadelphia: Saunders, 2006.
259. Scott, RD, et al: Long-term results of total knee replacement. In Pellicci,

JM, Tria, AJ, and Garvin, KL (eds): Orthopedic Knowledge Update, 2. Hip
and Knee Reconstruction. Rosemont, IL: American Academy of 
Orthopedic Surgeons, 2000, p 301.

260. Sculco, T, et al: Knee surgery and rehabilitation. In Melvin, JL, and Gall,
V (eds): Rheumatologic Rehabilitation Series, Vol 5. Surgical Rehabilita-
tion. Bethesda, MD: American Occupational Therapy Association, 1999,
p 121.

261. Sekiya, JK, Ong, BC, and Bradley, JP: Complications in anterior cruciate
ligament surgery. Orthop Clin North Am 34:99–105, 2003.

262. Sethi, P, Mirzayan, R, and Kharrazi, D: Microfracture technique. In
Mirzayan, R (ed): Cartilage Injury in the Athlete. New York: Thieme
Medical Publishers, 2006, pp 116–123.

263. Shaieb, MD, et al: A prospective, randomized comparison of patellar ten-
don versus semitendinosus and gracilis tendon autografts for anterior
cruciate ligament reconstruction. Am J Sports Med 30(2):214–220, 2002.

264. Sharma, L, et al: Physical functioning over three years in knee os-
teoarthritis: role of psychosocial, local mechanical, and neuromuscular
factors. Arthritis Rheum 48(12):3359–3370, 2003.

265. Shelbourne, KD, and Kloutwyk, TE: Rehabilitation after anterior 
cruciate ligament reconstruction. In Pedowitz, RA, O’Connor, JJ, 
and Akeson, WH (eds): Daniel’s Knee Injuries: Ligament and Cartilage
Structure, Function, Injury, and Repair, ed. 2. Philadelphia: Lippincott
Williams & Wilkins, 2003, pp 493–500.

266. Shelbourne, KD, and Trumper, RV: Anterior cruciate ligament reconstruc-
tion: Evolution of rehabilitation. In Ellenbecker, TS (ed): Knee Ligament
Rehabilitation. New York: Churchill Livingstone, 2000, pp 106–117.

267. Shelbourne, KD, and Urch, SE: Primary anterior cruciate ligament 
reconstruction using the contralateral autogenous patellar tendon. 
Am J Sports Med 28(5):651–658, 2000.

268. Sherman, OH, and Banffy, MB: Anterior cruciate ligament reconstruc-
tion: which graft is best? Arthroscopy 20(9):974–980, 2004.

269. Shoji, H, and Solomonov, M: Factors affecting postoperative flexion in
total knee arthroplasty. Clin Orthop 13(6):643–649, 1990.

270. Silva, M, and Schmalzried, T: Knee strength after total knee arthroplasty.
J Arthroplasty 18:605–611, 2003.

271. Singhal, MC, Fites, BS, and Johnson, DL: Fixation devices in ACL 
surgery: what do I need to know? Orthopedics 28(9):920–924, 2005. 

272. Skou, ST, Rasmussen, S, et al: Knee confidence as it relates to self-
reported and objective correlates of knee osteoarthritis: a cross-sectional
study of 220 patients. J Orthop Sports Phys Ther 45(10):765–771, 2015.

273. Smidt, GL, Albright, JP, and Deusinger, RH: Pre- and postoperative
functional changes in total knee patients. J Orthop Sports Phys Ther
6(1):25–29, 1984.

274. Smith, T, and Davies, L: The efficacy of continuous passive motion after
anterior cruciate ligament reconstruction: a systematic review. Phys
Ther Sport 8:141–152, 2007.

275. Snyder-Mackler, L, et al: Strength of the quadriceps femoris muscle and
functional recovery after reconstruction of the anterior cruciate liga-
ment. J Bone Joint Surg Am 77(8):1166–1173, 1995.

276. Soderberg, GL, and Cook, TM: An electromyographic analysis of
quadriceps femoris muscle setting and straight leg raising. Phys Ther
63:1434–1438, 1983.

277. Souza, RB, et al: Femur rotation and patellofemoral joint kinematics: a
weight-bearing magnetic resonance imaging analysis. J Orthop Sports
Phys Ther 40(5):277–285, 2010.

278. Souza, RB, and Powers, CM: Differences in hip kinematics, muscle
strength, and muscle activation between subjects with and without
patellofemoral pain. J Orthop Sports Phys Ther 39(1):12–19, 2009.

279. Spencer, JD, Hayes, KC, and Alexander, IJ: Knee joint effusion and
quadriceps reflex inhibition in man. Arch Phys Med Rehabil 65(4):
171–177, 1984.

280. Spindler, KP, et al: Anterior cruciate ligament reconstruction autograft
choice: bone-tendon-bone versus hamstring. Does it really matter? 
A systematic review. Am J Sports Med 32(8):1986–1995, 2004.

281. Sprague, R: Factors related to extension lag at the knee joint. J Orthop
Sports Phys Ther 3(4):178–182, 1982.

282. Steadman, JR, et al: Outcomes of microfracture for traumatic chondral de-
fects of the knee: average 11-year follow-up. Arthroscopy 19:477–484, 2003.

283. Steindler, A: Kinesiology of the Human Body Under Normal and Pathological
Conditions. Springfield, IL: Charles C Thomas, 1955.

284. Sterett, WI, et al: Effect of functional bracing on knee injury in skiers
with anterior cruciate ligament reconstruction: a prospective cohort
study. Am J Sports Med 34(10):1581–1585, 2006.

285. Stone, RC, Frewin, PR, and Gonzales, S: Long-term assessment of arthro-
scopic meniscus repair: a two to six year follow-up study. Arthroscopy
6(2):73–78, 1990.

286. Stratford, P: Electromyography of the quadriceps femoris muscles in
subjects with normal and acutely effused knees. Phys Ther 62(3):
279–283, 1982.

287. Tadokoro, K, et al: Evaluation of hamstring strength and tendon re-
growth after harvesting for anterior cruciate ligament reconstruction.
Am J Sports Med 32(7):1644–1650, 2004.

288. Tagesson, S, et al: A comprehensive rehabilitation program with quadri-
ceps strengthening in closed versus open kinetic chain exercise in 
patients with anterior cruciate ligament deficiency: a randomized, clin-
ical trial evaluating dynamic tibial translation and muscle function. 
Am J Sports Med 36(2):298–307, 2008.

289. Tamburello, T, et al: Patella hypomobility as a cause of extensor lag.
Research presentation. Overland Park, KS, May 1985.

290. Tanavalee, A, Choi, YJ, and Tria, AJ: Unicondylar knee arthroplasty: past
and present. Orthopedics 28(12):1423–1433, 2005.

291. Thomas, SG, Pagura, SM, and Kennedy, D: Physical activity and its 
relationship to physical performance in patients with end stage knee
osteoarthritis. J Orthop Sports Phys Ther 33(12):745–754, 2003.

CHAPTER 21 The Knee 847

5850_Ch21_769-848  24/08/17  10:51 AM  Page 847



292. Torchia, ME: Meniscal tears. In Morrey, BF (ed): Reconstructive Surgery
of the Joints, ed. 2. New York: Churchill Livingstone, 1996, p 1607.

293. Tsai, AMH, and Pedowitz, RA: Meniscus injury and repair. In Pedowitz,
RA, O’Connor, JJ, and Akeson, WH (eds): Daniel’s Knee Injuries: Ligament
and Cartilage Structure, Function, Injury, and Repair, ed. 2. Philadelphia:
Lippincott Williams & Wilkins, 2003, pp 239–251.

294. Tyler, TF, and McHugh, MP: Neuromuscular rehabilitation of a female
Olympic ice hockey player following anterior cruciate ligament recon-
struction. J Orthop Sports Phys Ther 31(10):577–587, 2001.

295. Tyler, TF, et al: The effect of immediate weight bearing after anterior
cruciate ligament reconstruction. Clin Orthop 357:141–148, 1998.

296. Tyler, TF, et al: The role of hip muscle function in the treatment of
patellofemoral pain syndrome. Am J Sports Med 34:630–636, 2006.

297. Valtonen, A, et al: Muscle deficits persist after unilateral knee replace-
ment and have implications for rehabilitation. Phys Ther 89(10):
1072–1079, 2009.

298. Walsh, M, et al: Physical impairments and functional limitations: a
comparison of individuals 1 year after total knee arthroplasty with 
control subjects. Phys Ther 78:248–258, 1998.

299. Waryasz, GR, and McDermott, AY: Patellofemoral pain syndrome
(PFPS): a systematic review of anatomy and potential risk factors. Dyn
Med 26:7–9, 2008.

300. Wegener, L, Kisner, C, and Nichols, D: Static and dynamic balance re-
sponses in persons with bilateral knee osteoarthritis. J Orthop Sports
Phys Ther 25(1):13–18, 1997.

301. Weiss, JM, et al: What functional activities are important to patients
with knee replacements? Clin Orthop 404:172–188, 2002.

302. Whiteside, LA: Fixation in total knee replacement: Bone ingrowth. In
Pellicci, PM, Tria, AJ, and Garvin, KL (eds): Orthopedic Knowledge Up-
date, 2. Hip and Knee Reconstruction. Rosemont, IL: American Academy
of Orthopedic Surgeons, 2000, p 275.

303. Wiley, JW, Bryant, T, and Minas, T: Autologous chondrocyte implanta-
tion. In Mirzayan, R (ed): Cartilage Injury in the Athlete. New York:
Thieme Medical Publishers, 2006, pp 141–157.

304. Wilk, KE, and Andrews, JR: Current concepts in the treatment of ante-
rior cruciate ligament disruption. J Orthop Sports Phys Ther 15(6):
279–293, 1992.

305. Wilk, KE, and Andrews, JR: The effects of pad placement and angular
velocity on tibial displacement during isokinetic exercise. J Orthop
Sports Phys Ther 17(1):24–30, 1993.

306. Wilk, KE, and Clancy, WG: Medial collateral ligament injuries: Diagnosis,
treatment, and rehabilitation in knee ligament injuries. In Engle, RP (ed):
Knee Ligament Rehabilitation. New York: Churchill Livingstone, 1991, p 71.

307. Wilk, KE, et al: Patellofemoral disorders: a classification system and clin-
ical guidelines for nonoperative rehabilitation. J Orthop Sports Phys Ther
28(5):307–322, 1998.

308. Wilk, KE, Reinold, MM, and Hooks, TR: Recent advances in the reha-
bilitation of isolated and combined anterior cruciate ligament injuries.
Orthop Clin North Am 34:107–137, 2003.

309. Williams, GN, et al: Dynamic knee stability: current theory and impli-
cations for clinicians and scientists. J Orthop Sports Phys Ther 31(10):
546–566, 2001.

310. Wilson, T, Carter, N, and Gareth, T: A multicenter, single-masked study
of medial, neutral, and lateral patellar taping in individuals with
patellofemoral pain syndrome. J Orthop Sports Phys Ther 33(8):
437–448, 2003.

311. Wilson, T: The measurement of patellar alignment in patellofemoral
pain syndrome. Are we confusing assumptions with evidence? J Orthop
Sports Phys Ther 37(6):330–341, 2007.

312. Wind, WM, Bergfeld, JA, and Parker, RD: Evaluation and treatment of
posterior cruciate ligament injuries: revisited. Am J Sports Med
32(7):1765–1775, 2004.

313. Witvrouw, E, et al: Patellofemoral pain: consensus statement from the
3rd International Patellofemoral Pain Research Retreat held in Vancouver,
September 2013. Br J Sports Med 48:411–414. 2014.

314. Wright, RW, and Fetzer, GB: Bracing after ACL reconstruction: a sys-
tematic review. Clin Orthop Relat Res 455:162–168, 2007.

315. Wright, RW, et al: A systematic review of anterior cruciate ligament 
reconstruction rehabilitation, part I: continuous passive motion, early
weight bearing, postoperative bracing, and home-based rehabilitation.
J Knee Surg 21:217–224, 2008.

316. Wright, TM: Biomechanics of total knee design. In Pellicci, PM, Tria,
AJ, and Garvin, KL (eds): Orthopedic Knowledge Update, 2. Hip and Knee
Reconstruction. Rosemont, IL: American Academy of Orthopedic 
Surgeons, 2000, p 265.

317. Zeni, JA, and Snyder-Mackler, L: Early postoperative measures predict
1- and 2-year outcomes after unilateral total knee arthroplasty: impor-
tance of contralateral limb strengthening. Phys Ther 90(1):43–55, 
2010.

318. Zhang W, et al: OARSI recommendations for the management of hip
and knee arthritis, Part II: OARSI evidence-based, expert consensus
guidelines. Osteoarthritis and Cartilage 16:137–162, 2008.

848 Exercises to Develop and Improve Muscle Performance and Functional Control

5850_Ch21_769-848  24/08/17  10:51 AM  Page 848



849

C H A P T E R

22
The Ankle and Foot
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The joints, ligaments, and muscles of the ankle and foot pro-
vide stability and mobility in the terminal structures of the
lower extremity. During standing, the foot bears the weight
of the body with minimum muscle energy expenditure. The
foot must also be both pliable and relatively rigid depending
on various functional demands. This versatility allows the foot

to absorb forces, accommodate to uneven surfaces, and serve
as a structural lever to propel the body forward during walk-
ing and running.

A clear understanding of the complex anatomy and kine-
siology of the ankle and foot is important when treating im-
pairment in this region of the body. The first section of this
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850 Structural Relationships and Motions

ankle provide a foundation of either stability or motion to the
distal extremity that assists the leg in managing forces and de-
mands. The motions in the ankle and foot are defined using
primary plane and triplanar descriptors.

Leg
The tibia and fibula make up the leg. These two bones are
bound together by an interosseous membrane between the
bones, strong anterior and posterior inferior tibiofibular lig-
aments that hold the distal tibiofibular articulation together,
and a strong capsule that encloses the proximal tibiofibular
articulation. Unlike the radius and ulna in the upper extrem-
ity, the tibia and fibula do not rotate around each other, but
there is slight movement between the two bones that allows
greater ankle joint motion.

Foot
The foot is divided into three segments: hindfoot, midfoot,
and forefoot.

Hindfoot. The talus and calcaneus make up the posterior
foot segment.

Midfoot. The navicular, cuboid, and three cuneiforms make
up the middle foot segment.

Forefoot. Five metatarsals and 14 phalanges make up the an-
terior foot segment. Each toe has 3 phalanges except for the
large toe, which has 2.

Motions of the Foot and Ankle
Defined
Primary Plane Motions
Although motions in the foot and ankle do not occur purely
in the cardinal planes, they are still defined as follows: 71,211,293

Sagittal plane motion around a frontal (coronal axis).
Dorsiflexion is movement in a dorsal direction, which de-
creases the angle between the leg and dorsum of the foot, and
plantarflexion is movement in a plantar direction. Motion 
occurring at the toes may also be called dorsiflexion, or 
extension, and plantarflexion, or flexion.

Frontal plane motion around a sagittal (anteroposterior)
axis. Inversion is inward turning of the foot, and eversion is
outward turning. Normally, an inward and outward motion
is described by the terms abduction and adduction, but be-
cause the foot is at a right angle to the leg, the terms abduction
and adduction are not used for this frontal plane motion.

Transverse plane motion around a vertical axis. Abduc-
tion is movement away from the midline, and adduction is
movement toward the midline.

Triplanar Motion
Triplanar motion occurs around an oblique axis at each artic-
ulation of the ankle and foot. The definitions are descriptive of
the movement of the distal bone on the proximal bone. When
the proximal bone moves on the stabilized distal bone, as occurs

A

Tibia
Fibula

Talus

Inferior
tibiofibular joint

Talocrural joint

B

Tibia
Talus

Calcaneus

Subtalar

M1

Cuneiform
Navicular

C

TibiaFibula
Talus

Calcaneus

M4

M5

Cuboid

FIGURE 22.1 Bones of the ankle and foot. (A) Anterior view of the
lower leg and ankle, (B) medial and (C) lateral views of the ankle 
and foot.

chapter reviews highlights of these areas the reader should
know and understand. The second section contains guidelines
for the management of disorders and surgeries in the foot and
ankle region, and the third section describes exercise inter-
ventions for this region. Chapters 10 through 13 present gen-
eral information on principles of management; the reader
should be familiar with the material in these chapters and
should have a background in examination and evaluation in
order to effectively design a therapeutic exercise program to
improve ankle and foot function in patients with impair-
ments from injury, pathology, or recovery following surgery.

Structure and Function 
of the Ankle and Foot

The bones of the ankle and foot consist of the distal tibia and
fibula, 7 tarsals, 5 metatarsals, and 14 phalanges (Fig. 22.1).

Structural Relationships 
and Motions

Anatomical Characteristics
The leg is structurally adapted to transmit ground reaction
forces from the foot upward to the knee joint and femur dur-
ing upright activities. Depending on the activity, the foot and
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in weight bearing, the motion of the proximal bone is opposite,
although the relative joint motion is the same as defined.

Pronation. Pronation is a combination of dorsiflexion, ever-
sion, and abduction. During weight bearing, pronation of the
subtalar and transverse tarsal joints causes the arch of the foot
to lower, and there is a relative supination of the forefoot with
dorsiflexion of the first metatarsal and plantarflexion of the
fifth metatarsal. This is the loose-packed or mobile position
of the foot and is assumed when the foot absorbs the impact
of weight bearing and rotational forces of the rest of the lower
extremity and when the foot conforms to the ground.71

Supination. Supination is a combination of plantarflexion,
inversion, and adduction. In the closed-chain, weight-bearing
foot, supination of the subtalar and transverse tarsal joints
with a pronation twist of the forefoot (plantarflexion of the
first metatarsal and dorsiflexion of the fifth metatarsal) in-
creases the arch of the foot and is the close-packed or stable
position of the joints of the foot. This is the position the foot
assumes when a rigid lever is needed to propel the body 
forward during the push-off phase of ambulation.211,293

NOTE: The terms inversion and supination, as well as eversion
and pronation, are often used interchangeably.252 This text uses
the discrete terms defined above.

Joint Characteristics and
Arthrokinematics: Leg, Ankle, 
and Foot
The characteristics of each joint in the leg, ankle, and foot dic-
tate how they contribute to the function of the ankle and foot
complex.211,293

Tibiofibular Joints
Anatomically, the superior and inferior tibiofibular joints are
separate from the ankle, but they provide accessory motions
that allow greater movement at the ankle. Fusion or immobility

in these joints impairs ankle function. The strong mortise
formed by the distal ends of the tibia and fibula makes up the
proximal surface of the ankle (talocrural) joint.

Superior tibiofibular joint characteristics. The superior
tibiofibular joint is a plane synovial joint made up of the fibular
head and a facet on the posterolateral aspect of the rim of the
tibial condyle. The facet faces posteriorly, inferiorly, and laterally.
Although near the knee joint, it has its own capsule that is rein-
forced by the anterior and posterior tibiofibular ligaments.

Inferior tibiofibular joint characteristics. The inferior
tibiofibular joint is a syndesmosis with fibroadipose tissue 
between the two bony surfaces. This strong articulation is
supported by the crural tibiofibular interosseous ligament and
the anterior and posterior tibiofibular ligaments.

Accessory motions. With dorsiflexion and plantarflexion of
the ankle, there are slight accessory movements of the fibula.
The direction of movement is variable depending on facet ori-
entation of the proximal tibiofibular joint and elasticity in the
tibiofibular ligaments. However, movement is necessary to allow
full range of the talus in the mortise during ankle dorsiflexion.

Ankle (Talocrural) Joint
Characteristics. The ankle (talocrural) joint is a synovial
hinge joint formed by the mortise (distal end of the tibia and
the tibial and fibular malleoli) and trochlea (dome) of the
talus. It is enclosed by a relatively thin and weak capsule. It,
along with the subtalar joint, is supported medially by the 
medial collateral (deltoid) ligament and laterally by the lateral
collateral (anterior and posterior talofibular and calcane-
ofibular) ligaments (Fig. 22.2).

The fibular malleolus extends farther distally and posteri-
orly than the tibial malleolus, so the mortise angles outward
and downward. This causes the axis of motion to be rotated
laterally 20° to 30° and inclined downward 10°. The surface
of the mortise is congruent with the articulating surface of
the body of the talus.

CBA

FIGURE 22.2 Ligaments of the ankle and foot. (A) Medial view, (B) lateral view, and (C) posterior (cross-sectional) view. (From Martin, RL, and
Kivlan, B: The ankle and foot complex. In Levangie, PK, and Norkin, CC (eds): Joint Structure and Function, ed. 5. Philadelphia: F.A. Davis, A and B,
p 445; C, p 449, with permission.)
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The surface of the talus is wedge-shaped, wider anteriorly,
and also cone-shaped, with the apex pointing medially. As a
result of the orientation of the axis and the shape of the talus
when the foot dorsiflexes, the talus also abducts and slightly
everts (pronation). When the foot plantarflexes, the talus also
adducts and slightly inverts (supination). Dorsiflexion is the
close-packed, stable position of the talocrural joint; plan-
tarflexion is the loose-packed position.

CLINICAL TIP
It is important to recognize that the stable positions of the
ankle and the foot do not always coincide. For example, when
a person walks in high heels, the ankle joint is more vulnera-
ble to injury, because the talocrural joint is in a less stable,
plantarflexed position while the subtalar and transverse tarsal
joints are in a close-packed (rigid) position.

Arthrokinematics. The concave articulating surface is the
mortise; the convex articulating surface is the body of the
talus. With physiological motions of the foot, the articulating
surface of the talus slides in the opposite direction. The
arthrokinematics are summarized in ONLINE Box 22.1 and
available on the FA Davis web site related to this textbook.

Subtalar (Talocalcaneal) Joint
Characteristics. The subtalar (talocalcaneal) joint is a com-
plex joint with three articulations between the talus and cal-
caneus. It has an oblique axis of motion that lies approximately
42° from the transverse plane and 16° from the sagittal plane,
allowing the calcaneus to pronate and supinate in a triplanar
motion on the talus.

Frontal plane inversion (turning heel inward) and eversion
(turning heel outward) can be isolated only with passive mo-
tion. The subtalar joint is supported by the medial and lateral
collateral ligaments, which also support the talocrural joint;
the interosseous talocalcaneal ligament in the tarsal canal; and
the posterior and lateral talocalcaneal ligaments (see Fig. 22.2).
In closed-chain activities, the joint attenuates the rotatory
forces between the leg and foot so that, normally, excessive in-
ward or outward turning of the foot does not occur as the foot
maintains contact with the supporting surface.

Of the three articulations between the talus and calca-
neus, the posterior is separated from the anterior and mid-
dle by the tarsal canal. The canal divides the subtalar joint
into two joint cavities. The posterior articulation has its own
capsule. The anterior articulations are enclosed in the same
capsule as the talonavicular articulation, forming the talo-
calcaneonavicular joint. Functionally, these articulations
work together.

Arthrokinematics. The facet on the bottom of the talus in
the posterior compartment is concave, and the opposing
facet on the calcaneus is convex. The facets of the anterior

and middle articulations on the talus are convex, whereas
the opposing facets on the calcaneus are concave. With
open-chain physiological motions of the subtalar joint, the
convex posterior portion of the calcaneus slides opposite to
the motion; the concave anterior and middle facets on the
calcaneus slide in the same direction, similar to turning a
doorknob. With the component motion of eversion, as the
calcaneus swings laterally, the posterior articulating surface
slides medially, and with inversion, the posterior articulating
surface slides laterally.

Talonavicular Joint
Characteristics. Anatomically and functionally, the talon-
avicular joint is part of a complex articulation between the
talus and navicular as well as the anterior and medial facets
of the subtalar joint. It is supported by the spring, the del-
toid, the bifurcate, and the dorsal talonavicular ligaments.
The triplanar motions of the navicular on the talus func-
tion with the subtalar joint, resulting in pronation and
supination.

During pronation, in the weight-bearing foot, the head of
the talus drops plantarward and medially, resulting in a pliable
foot and decreased medial longitudinal arch. In essence, as
the calcaneus everts, it cannot also dorsiflex and abduct with
the foot on the ground, so the talus plantarflexes and inverts
on the calcaneus. This downward and inward motion of the
talar head results in an upward and outward motion of 
the navicular and a flattening of the arch. During supination,
the opposite occurs, resulting in a structurally stable foot and
an increased medial longitudinal arch. The calcaneus inverts,
and the talus dorsiflexes and everts, resulting in the navicular
plantarflexing, inverting, and adducting.

Arthrokinematics. The head of the talus is convex; the prox-
imal articulating surface of the navicular is concave. With
physiological motions of the foot, the navicular slides in the
same direction as the motion of the forefoot. In the open-
chain motion of pronation, the navicular slides dorsally and
laterally (abduction and eversion), resulting in a flattening of
the medial longitudinal arch. With supination, the navicular
slides in a plantar and medial direction (adduction and in-
version) (see ONLINE Box 22.1).

Transverse Tarsal Joint
Characteristics. The transverse tarsal joint is a functionally
compound joint between the hindfoot and midfoot that in-
cludes the anatomically separate talonavicular and calca-
neocuboid joints. The talonavicular joint is described in the
previous section. The calcaneocuboid joint is saddle-shaped.
The transverse tarsal joint participates in the triplanar prona-
tion/supination motions of the foot and makes compensatory
movements to accommodate variations in the ground. Passive
accessory motions include abduction/adduction, inversion/
eversion, and dorsal/plantar gliding.

Arthrokinematics. The articulating surface of the calcaneus
is convex in a dorsal-to-plantar direction and concave in a

852 Structural Relationships and Motions
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is more pronated than the other, the overall effect is a frontal
plane asymmetry with a “short leg” on that side. All typical
landmarks (crest of the ilium, greater trochanter, popliteal
crease, head of the fibula, and medial malleolus) on the side
of the pronated foot are slightly lower.

Abnormal foot postures. A person with a varus deformity
of the calcaneus (observed nonweight bearing) may compen-
sate by standing with a pronated (or everted) calcaneus 
posture.72 Internal rotation of the leg, valgus at the knee, and
internal rotation of the femur may also be seen with the
pronated foot posture. The terms pes planus, pronated 
foot, and flat foot are often used interchangeably to mean a
pronated posture of the hindfoot and decreased medial 
longitudinal arch. Pes cavus and supinated foot describe a
high-arched foot.252

Muscle Function in the Ankle and Foot
Plantarflexors. Plantarflexion is caused primarily by the
two-joint gastrocnemius muscle and the one-joint soleus
muscle; these muscles attach to the calcaneus via the Achilles
tendon.

Secondary plantarflexors. Other muscles passing posteri-
orly to the axis of motion of plantarflexion contribute mini-
mally to that motion, but they have other functions.

■  Tibialis posterior is a strong supinator and invertor
that supports the medial longitudinal arch during weight 
bearing247 and controls and reverses pronation during the
loading response of gait.

■  The flexor hallucis longus and flexor digitorum longus
muscles flex the toes and help support the medial longitu-
dinal arch. To prevent clawing of the toes (MTP extension
with IP flexion), intrinsic muscles must also function at the
MTP joints.

■  The fibularis longus and brevis muscles primarily pronate
the foot at the subtalar joint, and the longus gives support
to the transverse and lateral longitudinal arches during
weight-bearing activities.

Dorsiflexors. Dorsiflexion of the ankle is caused by the tib-
ialis anterior muscle (which also inverts the ankle), the exten-
sor hallucis longus and extensor digitorum longus (which also
extend the toes), and the fibularis tertius muscles.

Intrinsic muscles. Intrinsic muscles of the foot function
similarly to those of the hand (except there is no thumb-like
function in the foot). In addition, they provide support to the
arches during gait.

Stability in standing. During normal standing, the gravi-
tational line is anterior to the axis of the ankle joint, creating
a dorsiflexion moment. The soleus muscle contracts to
counter the gravitational moment through its pull on the
tibia. Other extrinsic foot muscles help stabilize the foot 
during postural sway.

medial-to-lateral direction. The articulating surface of the
cuboid is reciprocally concave and convex.

Remaining Intertarsal and Tarsometatarsal
Joints
The remaining intertarsal and tarsometatarsal joints are plane
joints that reinforce the function of transverse tarsal joints
and, during weight bearing, help regulate the position of the
forefoot on the ground.

Metatarsophalangeal and Interphalangeal
Joints of the Toes
The metatarsophalangeal (MTP) and interphalangeal (IP)
joints of the toes are the same as the metacarpophalangeal
and IP joints of the hand except that, in the toes, extension
range of motion (ROM) is more important than flexion.
Extension of the MTP joints is necessary for normal walk-
ing. Also, unlike the thumb, the large toe does not function
separately from the other digits.

Function of the Ankle 
and Foot

Structural Relationships
Interdependence of leg and foot motions. In the weight-
bearing foot, subtalar motion and tibial rotation are interde-
pendent. Supination of the subtalar joint results in or is
caused by lateral rotation of the tibia, and conversely, prona-
tion of the subtalar joint results in or is caused by medial 
rotation of the tibia.211,293

Arches. The arches of the foot are visualized as a twisted 
osteoligamentous plate, with the metatarsal heads being 
the horizontally placed anterior edge of the plate, and the cal-
caneus being the vertically placed posterior edge. The twist
causes the longitudinal and transverse arches. When the foot
is bearing weight, the plate tends to untwist and flatten the
arches slightly.211

■  Primary support of the arches comes from the spring 
ligament, with additional support from the long plantar
ligament, the plantar aponeurosis, and short plantar liga-
ment (see Fig. 22.2). During push-off in gait, as the foot
plantarflexes and supinates and the MTP joints go into 
extension, increased tension is placed on the plantar
aponeurosis, which helps increase the arch. This is called
the windlass effect.

■  In the normal static foot, muscles do little to support the
arches, yet without muscle tension, the passive supports
stretch and foot pronation increases under weight-bearing
loads. In this respect, muscles contribute to arch support
during ambulation.

Effect on posture. During standing with weight equally dis-
tributed in both lower extremities, if one foot/ankle complex
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854 Referred Pain and Nerve Injury

movement of the tibia. Then, at around 40% of the cycle
(midstance), there is a burst of concentric activity to initiate
plantarflexion of the ankle for push off. Loss of function re-
sults in a slight lag of the lower extremity during terminal
stance with no push-off.

Ankle evertors. Contraction of the peroneus longus muscle
late in the stance phase facilitates transfer of weight from the
lateral to the medial side of the foot. It also stabilizes the first
ray and facilitates the pronation twist of the tarsometatarsal
joints, as increased supination occurs in the hindfoot.

Ankle inverters. The tibialis anterior helps control the
pronation force on the hindfoot, and the tibialis posterior
helps control the pronation force on the medial longitudinal
arch during the loading response of gait.

Intrinsic muscles. The intrinsic muscles support the trans-
verse and longitudinal arches during gait.

Referred Pain and Nerve
Injury

Several major nerves terminate in the foot. Injury or entrap-
ment of the nerves may occur anywhere along their course—
from the lumbosacral spine to near the nerves’ termination.
For treatment to be effective, it must be directed at the source
of the problem. Therefore, a thorough history is obtained,
and an examination is performed when the patient reports
referred pain patterns, sensory changes, or muscle weakness.
For a detailed description and illustrations of referred pain
patterns and peripheral nerve innervations in the foot and
ankle region, see Chapter 13 and related figures.

Major Nerves Subject to Pressure 
and Trauma
Common fibular nerve. Pressure on the common fibular
(formerly common peroneal) nerve may occur as it courses
laterally around the fibular neck and passes through an open-
ing in the fibularis longus muscle.

Posterior tibial nerve. Entrapment in the tarsal tunnel,
causing tarsal tunnel syndrome, may occur from a space-
occupying lesion posterior to the medial malleolus.

Plantar and calcaneal nerves. These branches of the
posterior tibial nerve may become entrapped as they turn
under the medial aspect of the foot and pass through open-
ings in the abductor hallucis muscle. Overpronation presses
the nerves against these openings. Irritation of the nerves
may elicit symptoms similar to those of acute foot strain
(tenderness at the posteromedial plantar aspect of the foot),
painful heel (inflamed calcaneal nerve), and pain in a pes
cavus foot.

The Ankle/Foot Complex 
and Gait

During the normal gait cycle, the ankle goes through a
ROM of 32° to 35°. Approximately 7° of dorsiflexion occurs
at the end of midstance, as the heel begins to rise, and 25°
of plantarflexion occurs at the end of stance (toe off).254

Function of the Ankle and Foot Joints
During Gait
The shock-absorbing, terrain-conforming, and propulsion
functions of the ankle and foot include the following:211,254,267

■  During the loading response (heel strike to foot flat), the
heel strikes the ground in neutral or slight supination. As
the foot lowers to the ground, it begins to pronate to its
loose-packed position. The entire lower extremity rotates
inward, reinforcing the loose-packed position of the foot.
With the foot in a lax position, it can conform to variations
in the ground contour and absorb some of the impact
forces as the foot is lowered.

■  Once the foot is fixed on the ground, dorsiflexion begins
as the tibia advances over the foot. The tibia also rotates in-
ternally, which reinforces pronation of the subtalar joint
and loose-packed position of the foot.

■  During midstance and continuing through terminal stance,
the tibia begins to rotate externally, initiating supination of
the hindfoot and locking of the transverse tarsal joint. This
brings the foot into its close-packed position, which is re-
inforced as the heel rises and the foot rocks up onto the
toes, causing toe extension and tightening of the plantar
aponeurosis (windlass effect). This stable position converts
the foot into a rigid lever, ready to propel the body forward
as the ankle plantarflexes from the pull of the gastrocnemius-
soleus muscle group.

Muscle Control of the Ankle and Foot
During Gait
Muscles of the ankle and foot function in the following man-
ner during the gait cycle.211,254,267

Ankle dorsiflexors. The ankle dorsiflexors function during
the initial foot contact and loading response (heel strike to
foot flat) to counter the plantarflexion torque and to control
the lowering of the foot to the ground. They also function
during the swing phase to keep the foot from plantarflexing
and dragging on the ground. With loss of the dorsiflexors,
foot slap occurs at initial foot contact, and the hip and knee
flex excessively during swing to prevent the toes from catching
on the ground.

Ankle plantarflexors. Early in stance, the ankle plantarflex-
ors function eccentrically to control the rate of forward
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chronic instability, or fracture. Posttraumatic arthritis lead-
ing to DJD is by far the most common type of arthritis af-
fecting the ankle, accounting for approximately 70% to 80%
of all ankle arthritis. In contrast, primary osteoarthritis,
common in the hip and knee, is rare in the ankle, even in
the older adult population.214,346

Postimmobilization stiffness. Contractures and adhesions
in the capsule and surrounding periarticular soft tissues may
occur any time the joint is immobilized after a fracture or
surgery.

Gout. Symptoms commonly affect the MTP joint of the
great toe, causing pain during terminal stance, resulting in 
decreased stance time and lack of smooth push-off.

Common Impairments of Structure
and Function, Activity Limitations,
and Participation Restrictions
In RA, many of the impairments and deformities listed here
occur with progression of the disease.146,308 With DJD and
postimmobilization stiffness, only the affected joint(s) is 
limited.44 Activity limitations and participation restrictions
occur primarily as a result of loss of weight-bearing abilities.

■  Restricted motion. When symptoms are acute, the patient
experiences swelling and restricted, painful motion, partic-
ularly during weight-bearing activities. When symptoms
are chronic, there is restricted motion, decreased joint play,
and a firm capsular end-feel in the affected joint.
■ Proximal and distal tibiofibular joints. Restricted ac-

cessory motion in these joints can occur with periods 
of immobilization and limit ankle and subtalar joint
motion.

■ Talocrural joint. Passive plantarflexion is more limited
than dorsiflexion (unless the gastrocnemius-soleus muscle
group also is shortened, in which case dorsiflexion is 
limited accordingly).57

■ Subtalar, transverse tarsal, and tarsometatarsal joints.
Progressive limitation of supination develops until even-
tually the joint fixes in pronation with flattening of the
medial longitudinal arch.57 The close-packed position of
the tarsals (supination) becomes more and more difficult
to assume during the terminal stance (push-off) phase
of gait. Moderate to severe foot pain is experienced with
midfoot arthritis, especially during weight bearing.277

■ MTP joint of the large toe. Gross limitation of extension
and some limitation of flexion develop; the rest of the
MTP joints are variable. Lack of extension restricts the
terminal stance phase of gait with an inability to rock up
onto the metatarsal heads. This exacerbates the prona-
tion posture and inability to supinate the foot during
push-off in gait.

■  Alignment deformities. Deformities occur due to a variety
of factors including but not limited to muscle imbalances,

Common Sources of Segmental
Sensory Reference in the Foot
The foot is the terminal point for the L4, L5, and S1 nerve roots
coursing through the terminal branches of the fibular and tibial
nerves. Referred pain may occur with irritation to tissues de-
rived from the same spinal segments, or sensory changes from
irritation or damage to these nerve roots (see Fig. 13.2).

Management of Foot and Ankle
Disorders and Surgeries

To make sound clinical decisions when managing patients
with foot and ankle disorders, it is necessary to understand
the various pathologies, surgical procedures, and associated
precautions, and to correctly identify impairments, activity
limitations, and participation restrictions. In this section,
common pathologies and surgeries are presented and the con-
servative and postoperative management of these conditions
are described using principles of tissue healing and exercise
intervention.

Joint Hypomobility:
Nonoperative Management

Common Joint Pathologies 
and Etiology of Symptoms
Pathologies such as rheumatoid arthritis (RA), juvenile
rheumatoid arthritis (JRA), and degenerative joint disease
(DJD) will affect the foot and ankle complex, as will acute
joint reactions after trauma, dislocation, or fracture. Postim-
mobilization contractures and adhesions can develop in the
joint capsules and surrounding tissues when a joint is immo-
bilized in a cast or orthosis for a period of time. The reader is
referred to Chapter 11 for background information on arthri-
tis, postimmobilization stiffness, and etiology of symptoms.
The following section is specific to joint conditions of the
ankle and foot.

RA. Pathology of the foot and ankle as the result of RA com-
monly affects the forefoot early in the disease process; the
hindfoot later; and, least frequently, the ankle.146,214 RA in the
MTP, subtalar, and talocrural joints of the foot can lead to
progressive instabilities and painful deformities such as hallux
valgus and subluxation of the metatarsal heads. Tendon rup-
ture within the foot and ankle may also result from chronic
inflammation and can contribute to deformity.146

DJD and joint trauma. Degenerative symptoms occur in
joints that are repetitively traumatized, and acute joint
symptoms are often seen in conjunction with ankle sprains,

5850_Ch22_849-904  18/08/17  4:00 PM  Page 855



tendon rupture, faulty footwear, trauma, and heredity.
Common deformities of the forefoot are described in 
Box 22.1.205,308

■  Muscle weakness and decreased muscular endurance. In-
hibition resulting from pain and relatively limited use of
the extremities leads to impaired muscle function.

■  Impaired balance and postural control. The sensory re-
ceptors in the ankle joints and ligaments, as well as in the
muscle spindles, provide important information for using
the ankle strategy for maintaining balance. The ankle strat-
egy is used in balance control during perturbations (See
Chapter 8). Faulty feedback and balance deficits occur
when there is instability, muscle impairments, or arthritis.

■  Increased frequency of falling. Impaired balance or a sense
of instability (giving way) of the ankle may lead to fre-
quent falling or fear of falling, thus restricting community
outings.214

■  Painful weight bearing. When symptoms are acute, weight-
bearing activities are painful, preventing independent am-
bulation and causing difficulty in rising from a chair and
ascending and descending stairs.

■  Gait deviations. With pain during weight bearing, there
is a short stance phase, reduced single limb support, and
decreased stride length on the side of involvement. 

Because of the restricting motion and loss of effective
plantarflexion and supination in the arthritic foot as well
as pain in the forefoot area under the metatarsal heads,
push-off is ineffective during terminal stance. Little 
or no heel rise occurs; instead, the person lifts up the 
involved foot to initiate the swing phase.

■  Decreased ambulation. Because of decreased ankle and
foot mobility and resulting decreased length of stride, dis-
tance and speed of ambulation are decreased; assistive de-
vices may be necessary for ambulation. If pain, balance, or
restricted motion is severe, a wheelchair may be required
for mobility.

Joint Hypomobility: Management—
Protection Phase
The interventions selected for management depend on the
signs and symptoms present. For acute problems, follow the
general outline presented in Chapter 10 and summarized in
Box 10.1. Suggested interventions for the various goals are
described in this section.158,214,308 Box 22.2 lists the general
non-operative intervention options for individuals with
arthritis.

Educate the Patient and Provide Joint
Protection
■  Teach a home exercise program at the level of the patient’s

abilities.
■  Teach the patient signs of systemic fatigue (especially in

RA), local muscle fatigue, and joint stress and ways to mod-
ify exercises and activities to remain active within safe 
levels.

■  Emphasize the importance of daily ROM and endurance
activities.

■  Educate on joint protection, specifically the need to avoid
faulty foot and ankle postures and to protect the feet from
the deforming, weight-bearing forces and trauma imposed
by improperly fitting footwear.

■  If necessary, instruct the patient in safe use of assistive 
devices to decrease the effects of weight bearing and pain.

Decrease Pain
In addition to physician-prescribed medication, intra-articular
injections of corticosteroids or nonsteroidal anti-inflammatory

856 Joint Hypomobility: Nonoperative Management

BOX 22.1 Common Arthritis-Related Forefoot
Deformities

■ Hallux valgus. This deformity in the great (large) toe
develops as the proximal phalanx shifts laterally toward 
the second toe. Eventually the flexor and extensor muscles
of the great toe shift laterally and further accentuate 
the deformity. The bursa over the medial aspect of the
metatarsal head may become inflamed and the bone may
hypertrophy, causing a painful bunion.

■ Hallux limitus/hallux rigidus. Narrowing and eventual
obliteration of the first MTP joint space occur with
progressive loss of extension. This affects terminal stance
by not allowing the foot to roll over the metatarsal heads
and great toe for normal push-off. Instead, the individual
turns the foot outward and rolls over the medial aspect of
the large toe. This faulty pattern accentuates hallux valgus
and foot pronation, and usually the MTP joint is quite
painful.

■ Dorsal subluxation/dislocation of the proximal
phalanges on the metatarsal heads. If this occurs, the 
fat pad, which normally is under the metatarsal heads,
migrates dorsally with the phalanges, and the protective
cushion during weight bearing is lost, leading to pain, callus
formation, and potential ulceration.

■ Claw toe (MTP hyperextension and IP flexion) and
hammer toe (MTP hyperextension, PIP flexion, and DIP
hyperextension). These deformities result from muscle
imbalances between the intrinsic and extrinsic muscles of
the toes. Friction from shoes may cause calluses to form
where the toes rub.

BOX 22.2 Nonoperative Interventions 
for Ankle Arthritis108,242

■ Nonsteroidal anti-inflammatory agents
■ Corticosteroid injections
■ Viscosupplementation
■ Physical therapy
■ Activity modification
■ Orthotics
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medications and therapeutic use of modalities, the following
are used to manage painful symptoms:

■  Manual therapy techniques. Gentle grade I or II distrac-
tion and oscillation techniques may inhibit pain and move 
synovial fluid for nutrition within the involved joints.

■  Orthotic devices. Orthotic shoe inserts and well-constructed
shoes help protect the joints by providing support and 
realigning forces.158,277 Such support has been shown to 
decrease pain and improve functional mobility. An orthosis
or bracing may also be used to stabilize an arthritic joint.

 FOCUS ON EVIDENCE
Kavlak and colleagues158 reported the effects of prescribed or-
thotic devices in 18 patients with RA (no control group) and a
variety of bilateral foot deformities, including pes planus, hallux
valgus, hammer toe, subluxation of the metatarsal heads, and
others. All patients in the study were community walkers with
no history of foot or ankle surgery. All patients were prescribed
custom-made orthotic inserts and shoe modifications, such as
a medial longitudinal arch support, metatarsal pad, or heel and
forefoot wedge, to meet their individual needs. Pain, temporal-
distance characteristics of gait, and energy expenditure during
walking were measured before and after the patients had been
wearing the custom orthoses for 3 months. There was a signif-
icant reduction in pain and energy cost during ambulation and
increases in step and stride length after use of the orthotic de-
vices for 3 months. There were no significant changes in foot
angle or the width of the base of support. The authors con-
cluded that appropriately prescribed orthoses and shoe modi-
fications were important elements of nonoperative treatment
of foot pain and impaired gait in patients with RA.

Maintain Joint and Soft Tissue Mobility 
and Muscle Integrity
■  Passive, active-assistive, or active ROM. It is important to

move the joints as tolerated. If active exercises are tolerated,
the benefits of the muscle action make them preferable to
passive motion.

■  Aquatic therapy. Aquatic therapy is an effective method of
combining therapeutic heat with low-impact buoyancy-
assisted exercises.

■  Muscle setting. Apply resistance to generate gentle, multi-
angle, muscle-setting exercises in pain-free positions at 
intensities that do not exacerbate symptoms.

Joint Hypomobility: Management—
Controlled Motion and Return 
to Function Phases
Examine the patient for signs of decreased muscle flexibility,
joint restrictions, muscle weakness, and balance impair-
ments. Initiate exercises and mobilization procedures at a
level appropriate for the condition of the patient.

PRECAUTIONS WITH RA: Because the disease process and
use of steroid therapy weaken the tensile quality of the
connective tissue, modify the intensity of joint mobilization and
stretching techniques used to manage motion restrictions. It
may be necessary to continue joint protection with orthotics,
proper fitting shoes, and assistive devices for ambulation.308

Encourage the patient to be active, but to also be aware of pain
and fatigue.

Increase Joint Play and Accessory Motions
Joint mobilization techniques. Determine which articula-
tions are restricted owing to decreased joint play and apply
grade III sustained or grade III and IV oscillation techniques
to stretch the limitations. (See Figures 5.55 through 5.64 and
their descriptions in Chapter 5 for techniques to mobilize the
leg, ankle, and foot articulations.) Mobilizing the toes is the
same as the fingers (see Figs. 5.42 through 5.43).

Because weight-bearing forces and arthritic joint changes
accentuate pronation, mobilizing to increase pronation
should be undertaken cautiously in an arthritic foot. Perform
these techniques only in the stiff foot after immobilization
when the foot does not pronate sufficiently during the loading
response in gait.

CLINICAL TIP
Extension of the toes at the MTP joints is important during
terminal stance for normal push-off and development of
the windlass effect in gait. The great toe requires from 40°
to 50° extension to function effectively during this phase of
gait.254,267

Improve Joint Tracking of the Talocrural Joint
Apply mobilization with movement (MWM) techniques 
to increase ROM and/or decrease pain associated with
movement.241 The principles of MWM are described in
Chapter 5.

MWM: Plantarflexion
Patient position and procedure: Supine with hip and knee
flexed and heel on the table (Fig. 22.3). Stand at the foot of
the table facing the patient and contact the patient’s anterior
tibia with the palm of your hand (for the right foot use the
left hand). Produce a pain-free graded posterior glide of the
tibia on the talus. The patient should now be unable to plan-
tarflex. While maintaining the posterior tibial glide grip the
talus with your other hand (for the right foot, use the right
hand) and create a passive end-range plantarflexion move-
ment, causing the talus to roll anteriorly.

The sustained plantarflexion must be painless. Repeat 6 to
10 repetitions for 3 to 4 sets and reassess range.

MWM: Dorsiflexion
Patient position and procedure: Standing with the affected
foot placed on a chair or stool (Fig. 22.4). Kneel on the floor
facing the patient with a mobilization belt around your 
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buttocks and the patient’s Achilles tendon (padded with a
towel). Place the web space of both hands around the neck 
of the talus with the palms on the dorsum of the foot. Hold
the foot down and back and the subtalar joint in neutral
pronation/supination. Use the belt to produce a pain-free
graded anterior gliding force to the ankle joint. While main-
taining this mobilization, have the patient lunge forward,
bringing the affected ankle into dorsiflexion and causing
painless end-range loading. Repeat 6 to 10 repetitions for 
3 to 4 sets and reassess.

Increase Mobility of Soft Tissues and Muscles
Perform stretching techniques as described in Chapter 4. Self-
stretching techniques are described later in this chapter.

858 Joint Surgery and Postoperative Management

FIGURE 22.3 Mobilization with movement to increase ankle plan-
tarflexion. Maintain a posterior glide of the tibia while moving the
talus into plantarflexion. This should not cause pain.

FIGURE 22.4 MWM to increase ankle dorsiflexion. Maintain an 
anterior glide of the tibia with the mobilization belt while the 
patient lunges forward into ankle dorsiflexion. This should not 
cause pain.

Regain Balance in Muscle Strength 
and Prepare for Functional Activities
Initiate resistive exercises at a level appropriate for the weak-
ened muscles. Begin with isometric resistance in pain-free 
positions and progress to dynamic resistance exercises
through pain-free ranges using open- and closed-chain exer-
cises. Resistive exercises are described later in this chapter.

CLINICAL TIP
Use a pool or tank to reduce stress on the foot and ankle joints
for low-load, weight-bearing exercises; ambulatory activities;
and for low-impact aerobic exercises.

Improve Balance and Proprioception
Initiate protected balance exercises, and progress the intensity
as tolerated. Determine the level of stability and safety during
ambulation and continue use of assistive devices if necessary
to help prevent falls.

Develop Cardiopulmonary Fitness
Low-impact aerobic exercises should be initiated early in the
treatment program and progressed as the patient is able.
Water aerobics, swimming, treadmill walking, and bicycling
may be within the patient’s tolerance. A person with OA or
RA should not perform high-impact (jumping, hopping, and
jogging) aerobic exercises.

Joint Surgery and
Postoperative Management

Advanced arthritis of the ankle or the joints of the foot can
cause severe pain, motion limitations, gross instability or de-
formity, and significant loss of function during weight-bearing
activities (Fig. 22.5). Unlike the hip and knee joints, the ankle
is rarely affected by primary idiopathic arthritis, even in the
elderly.108,242,346 Instead, trauma is the most common cause of
ankle and foot arthritis. When nonoperative management fails
to alleviate symptoms, surgical options for early and advanced
disease may be necessary20,78,108,113,167,214,242,273,291,346,349,364

Selecting a specific surgical procedure depends upon the
joint(s) involved, the extent of articular damage, the severity
of instability or deformity, bone quality, and the postoperative
functional goals of the patient.

The goals of surgery for arthritis are pain relief with
maximum function. Arthroscopic repair of small osteo-
chondral lesions, debridement of a symptomatic joint, and
distraction arthroplasty are used for management of early
joint changes, particularly in an individual younger than 
50 years old whose symptoms are unsuccessfully managed
conservatively and who is unwilling to consider arthrodesis
or arthroplasty.108,214,243 These procedures, however, offer little
symptomatic relief or functional improvement when there is
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significant destruction of articular cartilage.78,108,214,243,346,364

For symptomatic stage 3 ankle arthritis, ankle arthrodesis 
and ankle arthroplasty become the most viable surgical 
options.103,108,113,242 Arthrodesis is typically performed in
younger patients with high functional demands45,108,130,214,242,346

and has the advantage of pain relief during weight bearing 
but the disadvantage of limited motion with functional ac-
tivities. Following ankle arthrodesis, pain-free compensatory 
motion must be available in adjacent joints to absorb 
weight-bearing forces during ambulation. Although ankle
arthrodesis is performed 6 times more frequently than total
ankle arthroplasty,276 replacement arthroplasty is becoming
a more common procedure in the United States.20,108,273

Replacement arthroplasty of the ankle108,113,130,167,170,172,243,283,291

or toes349 has the advantage of motion preservation and pre-
dictable pain relief, with the disadvantage of more frequent
complications.

Following joint surgery and postoperative rehabilitation for
the ankle and foot, anticipated benefits include:108,214,242,243,346,349

■  Pain relief with weight bearing and joint motion
■  Deformity correction
■  Restored stability or mobility to affected joints
■  Improved muscle strength and endurance
■  Improved ambulation and lower extremity function

Rehabilitation includes postoperative exercise; gait training
with assistive devices; fabrication of foot orthoses; joint and
soft tissue mobilization; neuromuscular reeducation; and pa-
tient education including information about activity modifi-
cation (activities of daily living [ADLs] and recreational
activities) and shoe fit and selection.

Total Ankle Arthroplasty
Individuals with pain and disability from advanced, sympto-
matic ankle arthritis have two potential surgical procedures,
total ankle arthroplasty (TAA) and ankle arthrodesis. TAA is
an option for carefully selected patients who have pain and
impaired functional mobility from advanced, symptomatic
arthritis of the talocrural joint. TAA provides pain relief while
preserving functional ankle joint motion, reducing stress on
adjacent joints more effectively than arthrodesis.108,243,318

Until recently, the ideal candidate for TAA was the thinner in-
dividual older than age 50 with low physical demands, mini-
mal joint deformity, and near full ROM.113 Recent reports
indicate that although obesity remains a risk factor for post-
operative complications, improvement in pain and function
is similarly beneficial for active individuals younger than 
50 years old.167,283,371 Therefore, TAA is becoming a manage-
ment option for younger, more active individuals (typically

FIGURE 22.5 Late-stage arthritis of the ankle. (A) Mortise view of the ankle shows severe loss of the normal joint space and partial erosion 
of the lateral tibia. (B) Lateral view shows tibial erosion with mild joint space loss in the subtalar region and significant osteophyte formation in
the anterior ankle. (From Hasselman, CT, Wong, YS, and Conti, SF: Total ankle replacement. In Kitaoka, HB (ed): Master Techniques in Orthopedic 
Surgery: The Foot and Ankle, ed. 2. Philadelphia: Lippincott Williams & Wilkins, 2002, Fig. 39.1, p 583, with permission.)
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those with either posttraumatic arthritis or RA) who wish to
continue to participate in moderately demanding activities.
Improvements in implant design, instrumentation for implant
alignment, and the use of bio-ingrowth fixation have broad-
ened the selection criteria for TAA,66,108,113,130,131,243,283,291

resulting in an increased number of TAA procedures.273,276

Indications for Surgery
Although end-stage ankle arthritis is the primary indication
for TAA, there is little clinical guidance on which to base more
specific indications for this surgery.66,108,113,130,243,283,291 Com-
monly cited indications describe the adult patient with end-
stage ankle arthritis who has failed conservative management
and has persistent pain that compromises functional mobility.
Conditions include advanced degenerative or inflammatory
joint disease, including posttraumatic arthritis; primary OA,
RA, or JRA; or avascular necrosis of the dome of the talus.
This patient should have:108,243

■  Low to moderate physical demands
■  Sufficient integrity of ligaments for ankle stability
■  A flexible deformity that can be passively corrected to neu-

tral or less than 5° of hindfoot valgus
■  Adequate vascular flow and soft tissue envelope to allow

for wound healing.

TAA can also be performed following ankle arthrodesis as a
salvage procedure for an individual with persistent pain during
weight bearing and long-term, unsatisfactory functional results.

Contraindications
There are a number of absolute and relative contraindications
to current-day TAA.108,113,243 Absolute contraindications 
include active or chronic ankle infection; severe osteoporosis
or poor bone stock; avascular necrosis of a significant portion
of the body of the talus; peripheral neuropathy leading to 
decreased sensation or paralysis; impaired lower extremity
vascular supply; and long-term corticosteroid use. As with 
replacement of other joints, TAA is contraindicated for the
skeletally immature individual.

Relative contraindications include a remote history of 
infection; severe malalignment (hindfoot varus or valgus 
deformity > 20°); presence of marked instability; restricted
total arc of sagittal plane motion (combined dorsiflexion and
plantarflexion) less than 20°; positive tobacco use; obesity;
and the need to return to high demand, high-impact physical
activity.

Procedure

Implant Design, Materials, and Fixation
Current total ankle systems consist of three components: a
metallic baseplate that is fixed to the tibia, a domed or
condylar-shaped metal component that resurfaces the talus,
and a polyethylene bearing surface interposed between the
tibial and talar components.108,113,243 Because contemporary
prosthetic designs more closely mimic the characteristics of
a normal ankle joint, ROM available in several of these 

systems is nearly equivalent to that of a normal ankle.353

Contemporary TAA also requires far less bony resection and
typically utilizes cementless (bio-ingrowth) fixation with
hydroxyapatite coated metal implants.243

Contemporary implants are divided into two basic cate-
gories: fixed-bearing and mobile- bearing. A system is con-
sidered fixed-bearing if the polyethylene bearing surface is
fixed to the tibial baseplate and mobile-bearing if the poly-
ethylene component is not fixed. The mobile-bearing design
allows for joint surface sliding (anterior-posterior and 
medial-lateral directions) and rotation of the free polyeth-
ylene component.243,383 Polyethylene component movement
in a mobile-bearing design should, in theory, maintain a con-
gruent articulation between the talar and polyethylene com-
ponents, decreasing mechanical wear.243,292 Valderrabano 
et al,355 however, found very little anterior-posterior move-
ment of the talar polyethylene component, noting that 
the mobile-bearing design functioned largely like a fixed-
bearing design. Aside from the mobile-bearing Scandinavian
Total Ankle Replacement (STAR) system, the implants ap-
proved for use in the United States are fixed-bearing designs
(Fig. 22.6).243

Operative Overview
General TAA procedure. Although there are numerous
variations of TAA operative techniques, the following steps
represent the key components.17,34,108,130,167,209,243,307 Any 
significant deformity above or below the ankle joint is 
corrected before placement of the system implants.243 An 
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FIGURE 22.6 Total ankle arthroplasty. Lateral view of a total 
ankle replacement in a 78-year-old woman 1 year after surgery for
posttraumatic arthritis. (From Kitaoka, HB, and Claridge, RJ: Ankle 
replacement arthroplasty. In Morrey, BF (ed): Joint Replacement
Arthroplasty, ed. 3, 2003, p 1148, with permission from The Mayo
Clinic Foundation.)
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anterior longitudinal incision between the tibialis anterior
and extensor hallucis tendon is the most widely used 
approach. The extensor retinaculum and capsule are incised
to expose the dorsal ankle and talonavicular joints. The joint
is debrided and osteophytes are removed from the dorsal
talonavicular joint. An external distraction device is used to
separate the joint surfaces and facilitate bone resection. Small
portions of the distal tibia and talar dome are excised, 
followed by preparation of the joint surfaces. In some cases,
the medial and lateral malleolar recesses are also resurfaced.
Trial implants are inserted to evaluate their alignment and 
the range of dorsiflexion available. Permanent implants 
are selected and inserted. Any necessary soft tissue balancing
or repair is performed. After the wound is closed, a bulky
compression dressing and well-padded, posterior orthosis or
short-leg cast is applied to control swelling and limit ROM.

Adjunctive procedures. If there is less than 5° of dorsiflexion
because of a gastrocnemius-soleus contracture, a percuta-
neous lengthening of the Achilles tendon is performed. When
a larger surface for fixation of the tibial prosthesis is needed,
fusion of the tibiofibular syndesmosis with screw fixation 
is performed through a lateral incision.113,170,243 In the case
of a significant varus or valgus hindfoot deformity, a subtalar
arthrodesis is performed.130,243,307 Ligamentous stability is 
imperative for optimal outcome, so if instability persists 
intraoperatively after placement of the permanent implants,
a lateral ligament reconstruction is performed.243

Complications
The current rate of complications after contemporary TAA
appears to have decreased compared to rates with early 
implant designs and surgical techniques.114,123,167,243,371

However, insufficient evidence is available to draw a firm
conclusion regarding true complication rates, with reports
varying widely.176,180,182,360 Krause et al176 pooled data from
20 studies published between 1999 and 2009 and reported
an average 5-year complication rate of 29.5% (range 4.4% to
98.1%). Despite improvements in implant design, surgical
technique, and patient selection, complication rates of >50%
have been reported at intermediate and long-term follow-up
evaluations.176,180,182,302,321 Complication rates are higher in
obese individuals, individuals with diabetes, and individuals
who use tobacco.250,299,300,371

Complications can occur intraoperatively, in the early
postoperative period, and in the long term. Fracture of the
medial or lateral malleolus is the most frequent intraopera-
tive complication, reported to occur in approximately 10%
of procedures, with one report citing a 38% incidence
rate.11,108,176,243,290,302 Other intraoperative complications in-
clude implant malpositioning, tendon laceration, and nerve
injury. As with all types of joint arthroplasty, postoperative
infection is a potential complication. Deep infection rates
range from 1% to 5%.176,263 Postoperative edema in the
ankle and foot also increases the risk of delayed wound
healing by prolonging the immobilization period, delaying
early ankle motion, and potentially leading to poor ROM

outcomes.108,167,209,243,245 Tarsal tunnel syndrome, soft tis-
sue impingement, or complex regional pain syndrome 
occasionally develop, causing foot and ankle pain. (Com-
plex regional pain syndromes and interventions are 
described in Chapter 13.) Box 22.3 summarizes common
early postoperative and long-term complications associated
with TAA.17,108,113,130,176,180,182,243,263,291,302 Any of these
complications can adversely affect the progression of reha-
bilitation and the short-term and long-term outcomes of
TAA. Persistent or severe complications may necessitate re-
vision arthroplasty or ankle arthrodesis.

Postoperative Management
There are few published guidelines in the literature for post-
operative management of patients who have undergone TAA.
Those that are available vary considerably regarding the du-
ration of immobilization, weight-bearing restrictions, and the
initiation and progression of exercise. There is a lack of evi-
dence to support whether ROM exercises should be initiated
a few days postoperatively or delayed several weeks until there
is evidence of bone ingrowth into the implants. It is also un-
clear whether protected motion has a positive impact on
ROM outcomes or if it is detrimental to implant fixation or
wound healing.243,292 Due to the higher rate of complications,
postoperative management typically is less aggressive (longer
periods of restricted weight bearing and longer periods of im-
mobilization) for TAA when compared to total hip and knee
arthroplasty.

The guidelines and precautions in the following sections
for postoperative management summarize the recommen-
dations of several authors based on their experience and
training.6,17,34,130,150,209,214,291

BOX 22.3 Potential Postoperative
Complications of Total Ankle
Arthroplasty

Early Postoperative Complications → Potential
Consequence(s)
■ Delayed wound healing → an extended period of restricted

ankle motion
■ Delayed union or nonunion of a tibiofibular syndesmosis

fusion → an extended immobilization and restricted
weight-bearing period

■ Tarsal tunnel syndrome or complex regional pain syndrome

Late Postoperative Complications → Potential
Consequence(s)
■ Component migration or impaction → malalignment and

premature component wear
■ Mechanical (aseptic) loosening (most often the talar

component) → pain and impaired functional mobility
■ Hindfoot arthritis (most often the subtalar joint) → pain and

impaired weight-bearing abilities
■ Heterotopic bone formation → restricted motion
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Immobilization and Weight-Bearing Considerations
Immobilization. After the wound is closed following 
surgery, the ankle is placed in a compression dressing and
immobilized in a neutral position in a well-padded short 
leg cast or posterior orthosis. This is left in place for 10 to 
21 days, after which time it is replaced with a short-leg 
walking cast, controlled ankle motion (CAM) walker boot,
or ankle foot orthosis. The duration of continuous immobi-
lization and initiation of ROM exercises varies depending on
the type of implant fixation used, the types of concomitant
surgical procedures performed during the arthroplasty, and
the surgeon’s recommendations. Length of immobilization
depends on the most restrictive tissue healing consideration.
For example, if a tibiofibular syndesmosis or subtalar fusion
was performed, no motion is allowed for 6 weeks or until
there is evidence of bony union.170,150 If a soft tissue proce-
dure is required (e.g., ligamentous reconstruction), the pe-
riod of immobilization may be extended. Without adjunctive
procedures, immobilization following cementless fixation
ranges from 2 to 6 weeks.17,150,214,291

Weight bearing. Recommendations for the initiation and
extent of weight bearing after TAA vary significantly and
can be affected by many factors including the causative
pathology, the type of fixation, adjunctive procedures, 
patient characteristics, and physician preference. Guidelines
range from non-weight bearing for 3 to 6 weeks6,150,214,291

to minimal immediate postoperative weight bearing that
progresses to weight bearing as tolerated within the first 
2 weeks.6,17,34,130,150,176 Adjunctive procedures can delay
weight bearing. If a tibiofibular syndesmosis or hindfoot
fusion is performed, or if an intraoperative malleolar frac-
ture requires fixation, weight bearing is delayed for at least
6 weeks.167,170,176

In most cases, full weight bearing is generally achieved 
by 6 weeks following surgery.6,130,150,214 Weight bearing is 
initiated with the leg in an ankle immobilizer.6,150,176 After the
initial period of restricted weight bearing, a patient gradually
progresses to full weight bearing over several weeks while 
remaining in the immobilizer. This gradual progression to 
full weight bearing in the immobilizer is followed by a gradual
return to full weight bearing without the immobilizer after 
6 weeks.150

Exercise: Maximum Protection Phase
The first phase of postoperative rehabilitation, which extends
for about 6 weeks, focuses on the patient becoming function-
ally mobile while protecting the operative ankle. Postoperative
edema management and deep vein thrombosis prevention are
critical in this period of restricted mobility and weightbear-
ing.18 During this phase, ankle ROM exercises are usually 
initiated. 6,150,214

Goals and interventions. In addition to elevation and
compression for edema management, maintenance of mo-
bility to joints distal and proximal to the ankle, and strength
and endurance training of the upper extremities and 

contralateral lower extremity, goals and interventions in-
clude the following:17,150,214,290

■  Prevent postoperative complications
■ Patient education related to signs/symptoms associated

with deep vein thrombosis and infection.
■  Re-establish independent ambulation and functional 

mobility
■ Gait training with assistive devices
■ Transfers and mobility
■ Patient education regarding weight-bearing restrictions

■  Minimize atrophy of the ankle and foot muscles of the 
operative limb
■ Low-intensity, isometric (muscle-setting) exercises of the

ankle musculature within the immobilizer.
■  Prevent stiffness of the operated ankle and foot and loss

of tissue extensibility of surrounding soft tissues.
■ Active ROM of the toes
■ Gentle ankle active ROM exercises if removal of the im-

mobilizer is permitted and the wound demonstrates suf-
ficient healing. Initially include active ROM dorsiflexion/
plantarflexion. Inversion, eversion and circumduction
may be postponed until after 6 weeks after surgery.6,150

NOTE: ROM of the operative ankle may be permitted as early
as 2 weeks after surgery or delayed as long as postoperative
week 6.150

Exercise: Moderate and Minimum Protection
Phases
Except in cases of poor soft tissue healing or delayed bony in-
growth, use of the immobilizer is generally discontinued and
weight bearing restrictions are removed about 6 weeks after
surgery. During the moderate and minimum protection
phases of postoperative rehabilitation after TAA, emphasis is
placed on increasing the range of functional ankle dorsiflex-
ion and plantarflexion and increasing the strength of the
plantarflexors.6,150,214 Improving standing balance and ankle
proprioception are also important for a gradual return to
functional activities. Formal rehabilitation is generally com-
pleted 3 to 6 months after surgery.150

CLINICAL TIP
The level of physical activity possible after TAA depends on
many factors, including patient characteristics (obesity, 
general health), the underlying pathology (DJD, OA, or RA),
other joint involvement, prior level of activity, and the pa-
tient’s goals for recovery. These factors should be considered
and discussed when setting patient-centered goals.

Goals and interventions. During the moderate and minimum
protection phases, the goals and interventions include:6,150,292

■  Achieve 100% of the ROM obtained intraoperatively.
■ Active, pain-free ROM exercises in nonweight-bearing

positions, followed by active pain-free ROM in weight
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positions. Include dorsiflexion, plantarflexion, inversion,
eversion, and circumduction.

■ Stretching of the gastrocnemius-soleus muscle group is
indicated if dorsiflexion is limited. Begin with a towel
stretch in a long-sitting position; progress to standing
on a wedge for an extended period of time.

CLINICAL TIP
An arc of motion that ranges from 20° plantarflexion to 10°
of dorsiflexion is necessary for normal gait over level
surfaces.267 Achievement of 20° of dorsiflexion is needed for
descending stairs.205 The amount of ankle dorsiflexion
achieved while pedaling a bicycle can be adjusted by raising
or lowering the seat height. A lower seat height requires
greater dorsiflexion.

■  Restore strength, muscular endurance, and balance in the
lower extremities for functional activities.
■ Low-intensity, high-repetition, open-chain, resisted 

exercise using elastic resistance initially, progressing to
closed-chain exercises including squats, lunges, heel
raises, and arch raises.

■ A progression of bilateral and unilateral balance activi-
ties beginning on stable surface and introducing pro-
gressive surface instability (refer to Chapters 8 and 23
for examples).

■   Improve aerobic capacity and cardiopulmonary endurance.
■ Swimming, stationary cycling, and treadmill walking.

■  Resume a safe level of work-related and recreational 
activities.
■ Integration of strength and balance training into simu-

lated functional activities.

■ Activity modification for joint protection.
■ Patient education to help the patient return to safe and

appropriate activities.

PRECAUTION: No clinical studies have demonstrated that
participation in high-level athletic activities are associated with
increased TAA failure.133 However, plyometric training and other
activities that involve high-impact and quick stop-and-go motions
are generally considered inappropriate following TAA.197,354

Return to fitness and sports activities. With advances in
TAA design and surgical techniques, plus expanding knowl-
edge of long-term outcomes, it is now possible for selected
patients to participate in low to moderately demanding fitness
and sport activities.133,197,354 These patients typically are
younger (<60 years of age), were physically active prior to sur-
gery, and underwent TAA for posttraumatic arthritis. A con-
sensus of recommendations has recently been published,
indicating activities that surgeons routinely recommend or
prohibit following TAA (Table 22.1 summarizes these activity
recommendations). Low-impact activities that do not require
quick stop-and-go motions are routinely recommended;
moderate-impact activities and activities performed in a mo-
tion limiting boot are allowed in patients with previous ex-
perience. High-impact activities, activities with risk of contact
or collision, or activities that require cutting or jumping are
not recommended.133,354 Participation in fitness and sport ac-
tivities is recommended only after completion of an individ-
ualized rehabilitation program in patients who are free from
complications.197,250,354

Outcomes
Although early TAA afforded pain relief for a period of
time,113 unacceptable complication rates led to poor func-
tional outcomes and patient dissatisfaction.113,291,292 Modern

TABLE 22.1 Suggested Activity Recommendations Following TAA197

Allow All Patients

Aquatic Fitness/Swimming
Biking

■ Road
■ Stationary

Bowling
Dancing
Elliptical and stairclimber
Golf
Low-impact aerobics
Pilates/Yoga
Walking/Speed walking

Allow Patients With Previous Experience

Doubles tennis
Hiking
Skating

■ Rollerblading
■ Ice skating

Skiing
■ Cross country
■ Downhill

Lower extremity resistance training
■ Free weights
■ Machines

Mountain biking

Not Recommended

Court Sports
■ Badminton
■ Basketball
■ Racquetball/Squash
■ Singles tennis
■ Volleyball

Field Sports
■ American football
■ Soccer
■ Lacrosse
■ Baseball/Softball

Gymnastics
High-impact aerobics
Jogging/Running
Snowboarding
Waterskiing
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surgical techniques and more judicious patient selection have
resulted in more encouraging outcomes, although long-term
success rates remain unknown.17,113,122,291,292 It is important
to note that although prospective and retrospective studies
have compared implant designs, no studies to date have com-
pared rehabilitation factors, such as early vs. delayed weight
bearing or ROM exercises following TAA.

Pain, ROM, general level of function, patient satisfaction,
and postoperative complications are the outcomes most often
reported in follow-up studies. A variety of quantitative assess-
ment instruments are used to measure pain relief, postoper-
ative function, and patient satisfaction. Two examples of
validated assessment instruments are the Ankle Osteoarthritis
Scale (AOS) and the American Orthopedic Foot and Ankle
Society Questionnaire (AOFAS). Survival rates, the percent-
age of prostheses not requiring removal at given time points
after surgery, are also frequently reported.

Prosthesis survival rates. Arthroplasty survival rates re-
ported in the literature vary, but they appear to be trending
upward.113,182,251,318 Labek et al182 reported 5-year survival
rates just below 90% in most data sets, and limited data sets
demonstrate 10-year survival rates of approximately 75%. 
Evidence from prospective studies suggest similar TAA sur-
vival rates for patients with OA (primary or posttraumatic
arthritis) and RA at mid-term (5 years)265 and long-term 
(14 years)173 follow-up. Relative to patient age, prospective
studies indicate no difference in implant survival rates for 
patients older or younger than 50 years of age at short-term
(3 years)66 or mid-term (median follow up of 6 years)170

follow-up. Retrospective studies indicate that obesity nega-
tively impacts long-term survival rates and results in increased
postoperative complications.30,250,299,371

When considering reports of TAA outcomes, note that
many of the published reports represent studies conducted
by implant developers.165 Labek et al180,181 noted a signifi-
cant difference in the revision rates in published sample 
series compared with those taken from national joint reg-
istries. Revision rates collected in national joint registries
are approximately twice as high as those reported in pub-
lished sample series studies. Labek et al180,182 suggest that
because implant developers represent 50% of the published
sample series content, their data may be proportionately
overrepresented and thus influence outcomes reported in
systematic reviews.

Pain relief, functional improvement, and patient satis-
faction in different populations. Bai et al17 prospectively
compared outcomes following mobile-bearing TAA in pa-
tients with posttraumatic arthritis versus primary OA. At a
mean follow-up of 38 months, no significant between-group
differences were found in ankle ROM, radiographic find-
ings, and an ankle-hindfoot assessment scale. Survival rates
of the implants were comparable between the posttraumatic
and primary OA groups (97% and 100%, respectively) at the
conclusion of the study. However, complication rates were

significantly higher (38% vs. 27%) in the posttraumatic
arthritis group than in the primary OA group.

Gaudot et al101 retrospectively compared outcomes of 
statistically paired individuals with mobile-bearing versus
fixed-bearing TAA implants. The authors found no statistical
difference for postoperative complications between the two
groups at a mean follow-up of 24 months. While postopera-
tive AOFAS scores were significantly higher than preoperative
scores for both groups, the fixed-bearing group postoperative
scores were significantly higher than those in the mobile-
bearing group. No between-group postoperative differences
were reported for ankle ROM or radiographic imaging. The
authors concluded that fixed-bearing TAA had results equiv-
alent to, if not better than, mobile-bearing.

In a multicenter study, Daniels et al58 prospectively fol-
lowed 281 individuals who underwent TAA for an average of
5.5 years. Seventeen percent of the patients required a subse-
quent revision surgery, and the major complication rate was
19%. Final AOS total, pain, disability scores, and SF-36 phys-
ical component summary score all significantly improved
when compared to baseline measures. When compared to 107
individuals who underwent ankle arthrodesis, no significant
postoperative group differences were found for any outcome
variables.

Although several studies report no difference in pre- and
postoperative ROM, Ajis et al6 reported significant improve-
ment in dorsiflexion at 6 weeks and 6 months following
TAA. Dorsiflexion increased from a preoperative mean of
6.6° to a 12-month postoperative mean of 12.0°, while total
arc of sagittal plane motion (terminal plantarflexion to 
terminal dorsiflexion) increased from 22.7° preoperatively
to 24.3° postoperatively, a change that was not statistically
significant.

Outcomes for a frequently used second generation, 
two-component system and more recently developed third 
generation, three-component (mobile-bearing) designs have
been reported but not directly compared. Knecht170 reported
positive outcomes (reduced pain and increased function) 
in 66 patients who had undergone a two-component ankle
replacement a mean of 9 years earlier. The mean total arc of
dorsi- and plantarflexion measured in 33 patients was 18°.

Buechel and colleagues34 followed 50 patients (mean 
age 49 years), who had received a mobile-bearing replacement
with cementless fixation. They reported 48% excellent and
40% good results at a mean follow-up of 5 years (range 2 to
10 years). Of the 50 patients who participated in the study,
26% reported no pain after TAA, 60% reported slight or mild
pain, and 14% reported moderate or severe pain that inter-
fered with functional activities. The mean total arc of dorsi-
and plantarflexion was 28°. In a short-term follow-up study
of 116 patients who had a different mobile-bearing prosthesis
implanted in 122 ankles, 84% of patients were satisfied, 
with 82% reporting good or excellent results at an average 
of 19.9 months.131 The mean total arc of ankle dorsi- and
plantarflexion was 39°. Although postoperative gains in ROM
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reported in these studies were small (often as little as 5° to
10°), gains of even a few degrees have been reported to im-
prove functional mobility.292

Participation in physical activities. Although most TAA
outcome studies evaluate prosthetic survival rates or clinical
variables, the ability to return to a physically active lifestyle
is also of interest. Naal et al246 compared the preoperative
and postoperative activity levels of 101 patients who had 
undergone TAA secondary to posttraumatic arthritis
(46.5%), primary OA (34.7%), or RA (18.8%). One year
prior to surgery, 62.4% were active in sport and fitness 
activities, while 66.3% were active at an average of 3.7 years
after surgery. The types of activities and the frequency 
of participation before and after surgery were essentially 
unchanged; however, 65% of those surveyed indicated that
performance during their preferred activities had improved
following TAA. Swimming, cycling, and weight training 
for fitness were the most frequently reported activities 
before and after surgery. Although some patients partici-
pated in high-impact sports (i.e., jogging, soccer, and tennis)
before surgery, few or none participated in these activities
at follow-up, perhaps because of postoperative patient edu-
cation. Of the three diagnostic groups, the individuals in the
posttraumatic arthritis group reported decreased sport and
fitness participation and were the least satisfied with their
ability to participate in sport.

Schuh et al303 prospectively collected sport and recreational
activity participation rates in 21 patients scheduled for TAA.
Following TAA, participation rates declined from 86% to 76%,
but this change was not statistically significant. The most com-
mon activities reported post-TAA were cycling (45%), swim-
ming (45%), hiking (25%), Nordic walking (20%), and skiing
(15%). A recent systematic review of post-TAA activity indi-
cated that sport and recreation participation remains relatively
unchanged following TAA, and there is no evidence identifying
sport activity as a risk factor for TAA failure.133 In general, sur-
geons are comfortable recommending low-impact sports and
aerobic activities to most TAA recipients.197

Valderrabano and coinvestigators354 studied 147 patients
(mean age 59.6 years, range 28 to 86 years) who participated
in sports and recreational activities before and after TAA. Of
these patients, 89% had a preoperative diagnosis of posttrau-
matic arthritis or primary OA, and only 11% had a diagnosis
of RA. A combined total of 83% of all patients in the study
reported excellent or good results and 69% were pain-free
postoperatively. Just prior to surgery, 36% of patients were
active in sports/recreational activities, and 56% were active at
a mean of 2.8 years after surgery. This change reflected an in-
crease in the activity level of the patients with posttraumatic
arthritis and primary OA, not of the patients with RA. The
most frequently reported preoperative activities (in descend-
ing order) were cycling, swimming, hiking, and low-impact
aerobics. After surgery, hiking was most frequently reported
followed by cycling, swimming, and aerobics. The only 

significant change in activity before and after surgery was an 
increase in hiking (participation spiked from 25.5% to 52.8%).
The authors recommended that before initiating any sport 
activity after ankle replacement, a patient should complete
postoperative rehabilitation and be free of complications.

Arthrodesis of the Ankle and Foot
Ankle arthrodesis (fusion) is the most frequently used 
surgery for late-stage arthritis of the ankle or foot and toe
joints.20,273,276 Although the rate of TAA has been increas-
ing, ankle arthrodesis is still performed over six times more
frequently than replacement.276 Ankle fusion (AF) is the
procedure of choice for relatively young, active patients
with posttraumatic arthritis and gross instability of the
ankle and hindfoot.315,346 Arthrodesis also is an option for
patients with hindfoot or forefoot involvement as the result
of RA or JRA.84,242,244 Deformities of the forefoot such as
hallux valgus or hallux rigidus and severe deterioration of
the MTP joint of the first toe are also managed with
arthrodesis.7,108,242,244

Indications for Surgery
The following are frequently cited indications for surgical 
fusion of selected joints of the ankle and foot:2,7,84,113,242,244,294,346

■  Debilitating pain, particularly during weight bearing, and
severe articular degeneration secondary to posttraumatic
or postinfectious arthritis, OA, RA, or other inflammatory
arthropathies

■  Marked instability or stiffness of one or more joints that is
unresponsive to conservative management

■  Deformity of the ankle, foot, or toes associated with
chronic joint malalignment as the result of congenital
anomalies, neuromuscular disorders, or arthritis

■  Osteonecrosis of the talus
■  A salvage procedure after failed total ankle arthroplasty

Generally, indications for arthrodesis and arthroplasty are
very similar. Arthrodesis has been the “gold standard” option
for younger patients with high functional demands and 
pain-free compensatory movements.214,242,346 However, as
ankle arthroplasty implants and techniques have improved,
patients under the age of 50 with the above conditions can
determine the most appropriate procedure based on the risks
and benefits of the respective procedures.243,283

Contraindications to Surgery
Absolute contraindications include vascular impairment or
infection of the limb. Relative contraindications include un-
controlled diabetes, active tobacco use, and severe ipsilateral
subtalar arthrosis or contralateral ankle arthrosis.242

NOTE: For patients with RA or primary RA of both ankles,
bilateral arthrodesis is rarely performed because loss of
dorsiflexion bilaterally limits an individual’s ability to rise from
a chair or ascend and descend stairs.
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Procedures
There are many types of arthrodesis; however, all involve the
use of bone grafts coupled with internal fixation devices (see
Fig. 12.2) or occasionally external skeletal fixation for bony
ankylosis.84,242 Common to all techniques is appropriate posi-
tioning of the ankle to maximize function: neutral dorsiflexion/
plantarflexion, approximately 5° of external rotation, 5° of val-
gus, and slight posterior translation of the talus under the
tibia.108,242 Internal fixation is considered the best fusion tech-
nique and can be achieved via multiple compression screws,
pins, an intramedullary nail, or a plate. The type of fixation
selected depends on the joints involved and extent of defor-
mity. For correction of severe deformity or tendon rupture,
concomitant soft tissue procedures are required.108,145,242

Arthrodesis at the ankle or foot has traditionally been 
performed through an open approach. Over the past decade,
however, mini-open, arthroscopically-assisted and fully
arthroscopic arthrodesis of the ankle have become viable 
surgical options.84,102,108,145,242,260,305,341 Although previously
reserved for ankles with minimal deformity, arthroscopic 
fixation has recently been shown to be a viable option for an-
kles with deformity greater than 15°.59,104,289 The benefit of
an arthroscopic approach is the reduced rate of wound 
healing complications secondary to less soft tissue disruption
during surgery.145,242,328,346 There have also been reports of
shorter hospital stays, decreased blood loss, lower morbidity,
and reduced time to union with an arthroscopic approach.
However, these potential benefits are based largely on data
from nonrandomized, retrospective studies rather than con-
trolled comparisons to an open approach.59,84,104,248,348,379

Common Types of Arthrodesis
Arthrodesis of the ankle. This procedure fuses the talus to the
tibia in a position that maximizes function: 0° dorsiflexion and
5° to 10° external rotation of the foot to match the contralateral
Fick angle.108,242,294,346 Slight plantarflexion may be tolerated, but
a talocrural joint fixed in dorsiflexion may result in intractable
heel pain.242 Once osteophytes are removed and the tibial and
talar articular surfaces are prepared, internal fixation is achieved
with two or three screws connecting the tibia and talus. Fixation
of the fibula to the talus and tibia with a plate and transmalleolar
screws can provide an added measure of stability. Bone graft is
often used to augment bone healing.242 Although ankle arthrode-
sis provides pain relief and ankle stability, dorsiflexion and plan-
tarflexion are lost, thus altering the biomechanics and speed of
gait and increasing energy expenditure during ambulation.346

The hindfoot and forefoot compensate to a great extent for the
loss of motion at the ankle. Despite this, an asymmetrical gait
pattern is detectable in most patients after ankle arthrodesis.45

 FOCUS ON EVIDENCE
Thomas et al347 reported significant between-group differ-
ences in gait between 27 patients who had undergone tibio-
talar arthrodesis and 27 age-matched control subjects.

Cadence and stride length were significantly decreased in the
arthrodesis group as were motions of the hindfoot and mid-
foot during the swing and stance phases of gait. In addition,
radiographic evaluation demonstrated evidence of severe
hindfoot arthritis in 15% of the arthrodesis group. The
arthrodesis group was analyzed at a mean duration of 
44 months’ postsurgery.347

Arthrodesis of the hindfoot. Hindfoot arthrodesis is indi-
cated when conservative management (including arch sup-
ports, appropriate footwear, ankle and hindfoot bracing, and
oral or injected anti-inflammatory medication) has failed. 
Severe pain, instability, or chronic hindfoot deformity (pes
valgus or pes planus) as the result of advanced hindfoot
arthritis may require a triple arthrodesis or a single-joint 
fusion.232,280,325 Procedures include talonavicular, talocal-
caneal (subtalar), or triple arthrodesis. A triple arthrodesis—
often indicated for a rigid hindfoot deformity—involves
fusion of the talocalcaneal, talonavicular, and calcaneocuboid
joints.5,231,280,325 A talocalcaneal arthrodesis is indicated to
correct heel valgus if the midtarsal joint has been spared. 
A single-joint fusion, such as a talonavicular arthrodesis, 
may be sufficient to correct a chronic but flexible hindfoot
deformity.280 In most instances, the hindfoot is positioned 
in 5° of valgus in each of these fusions.

Talonavicular, subtalar, or triple arthrodesis provides per-
manent medial-lateral stability and pain relief in the hindfoot,
but pronation and supination of the ankle are eliminated or
substantially diminished.343 It is interesting to note that fusion
of the talonavicular joint alone indirectly reduces motion at
the subtalar and calcaneocuboid joints, providing frontal
plane stability without fusing additional joints.331,343

Arthrodesis of the first toe. Arthrodesis of the first MTP
joint for hallux rigidus and hallux valgus provides pain 
relief at rest and with ambulation in 80% to 90% of 
patients.7,60,86,97,280 The position of fusion is neutral rota-
tion, 10° to 20° of valgus and 15° to 30° of dorsiflexion. Al-
though the toe may not contact the ground during quiet
stance, this position allows adequate push-off during am-
bulation and does not necessarily require customized
footwear.60,97,280 If the lateral MTP joints are involved, fusion
of the great toe is performed after excision arthroplasty of
the lateral joints.97,280,349

Comparisons of first MTP arthrodesis to arthroplasty have
generally favored arthrodesis for pain relief, balance, ambu-
lation, and cosmesis.280 Recent studies report mixed results,
noting higher patient satisfaction with arthroplasty but better
functional results with arthrodesis.86,286 Long-term outcomes
of the newer generation first MTP prostheses have not yet
been determined.280

Arthrodesis of the IP joints of the toes. Fusion of the IP
joints of the toes in a neutral position for hammer toes (typ-
ically toes 2 to 3) provides relief of pain with ambulation and
improved shoe fit.146,280,334
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Complications
The overall complication rate associated with arthrodesis 
is relatively low but can vary by patient population, the joint
involved, and the surgical technique.242,346,379 The most com-
mon complication is nonunion, occurring in up to 10% of
arthrodesis procedures.114,242,248,280,379 The smaller the area 
of the bony surfaces and the poorer their vascular supply, 
the higher the rate of nonunion. Factors that contribute 
to nonunion include postoperative infection, malalignment
of the fused joint, and a patient’s use of tobacco before and
after surgery.168,231 Table 22.2 summarizes risk factors for
nonunion in foot and ankle arthrodesis.242,344 Arthrodesis
nonunion typically requires revision arthrodesis.242,379

In addition to pain and decreased function associated 
with nonunion, nerve damage can occur due to the surgical
procedure; and neuromas can develop postoperatively.242

These conditions can lead to postoperative pain and limited
function. Occasionally postoperative stress fracture of 
a fused bone or an adjacent bone occurs. Subsequent 
arthritis in adjacent joints requires arthrodesis in up to 5%
of individuals.379 Delayed wound healing is a particular
problem in patients with poor vascularity of the foot and
ankle.

Postoperative Management
Immobilization. The method and duration of immobiliza-
tion of the fused joint(s) are determined by the surgeon and
are based on the fusion site, the type of fixation used, the qual-
ity of fixation achieved, the patient’s bone quality, and the
presence of factors that affect bone healing.

After surgical fixation and wound closure, a compression
dressing and orthosis are applied and worn for 48 to 
72 hours for edema control.84,242,280 For ankle or hindfoot
arthrodesis, a short-leg, nonweight-bearing cast is applied
following removal of the postoperative dressing. This is typ-
ically worn for 4 to 8 weeks and is changed as needed to ac-
commodate limb-swelling changes. A short-leg walking cast
or rigid boot is applied at 4 to 8 weeks, and immobilization
continues for an additional 6 to 8 weeks.84,168,231,242,280,290,294

After arthrodesis of the first MTP joint, a short-leg cast or

surgical shoe with a flat, rigid sole is worn to protect the
joint as it heals.86,97,280,286

When radiographs show evidence of fusion, the patient is
weaned from the immobilizer over several weeks.84,242,280

After orthosis use is discontinued, the patient should be ad-
vised of proper shoe selection, modification, and fit. The use
of a custom-made foot orthosis may be necessary for support,
relief of pressure or shock absorption.285,314 Rocker bottom
shoes have been recommended following ankle arthrodesis,
but a recent biomechanical study determined that running
shoes provided similar—or better—beneficial effects in gait
parameters including speed and forefoot maximal force.14

Weight-bearing considerations. As with postoperative 
immobilization, the timing and extent of weight bearing 
permissible following arthrodesis varies widely in published
guidelines.36,84,112,183,242 The same considerations that influ-
ence decisions about immobilization also influence the pro-
gression of postoperative weight bearing on the operated
extremity. The most prevalent practice is to substantially 
restrict weight bearing for a minimum of 6 weeks after ankle
and hindfoot arthrodesis. Mobility is accomplished with a
wheelchair, a standard walker, crutches, or rolling knee walker.
When radiographs show evidence of bony union, partial
weight bearing is initiated in a rigid short-leg boot or shoe.
Most individuals progress to full weight bearing in typical
footwear by 12 to 16 weeks postoperatively. With midfoot and
forefoot arthrodesis, partial to full weight bearing is initiated
earlier, either immediately or within the first 4 weeks.28,112,183

 FOCUS ON EVIDENCE
In an effort to reduce recovery time and improve quality 
of life following arthrodesis, early weight bearing has been
explored. Cannon et al36 conducted a nonrandomized, 
retrospective study of two groups of patients following
arthroscopic ankle arthrodesis. One group (n = 15) was 
immobilized and instructed in either non-weight bearing or
touch weight bearing for 8 weeks. A second group (n = 21)
was immobilized in a removable orthosis and encouraged
to begin weight bearing as tolerated immediately following
surgery. No difference in time to union was found when
comparing the two groups. Additional trials using random-
ization and controls are still needed to fully assess the effects
of early weight bearing.

Postoperative exercises. Prior to bony fusion, care is needed
to avoid stressing the fixation. Initially, postoperative exercises
focus on active ROM of the nonoperated joints proximal 
or distal to the joints that are immobilized. If the patient is
wearing a removable orthosis, active ROM exercises of the
nonoperated joints confined by the immobilizer may be per-
missible early in the rehabilitation program as well.36,385 For
example, after ankle or hindfoot arthrodesis, exercises to
maintain toe mobility are indicated in addition to knee

TABLE 22.2 Risk Factors Associated With
Arthrodesis Nonunion344

Patient Factors Surgical Factors

Systemic Local

Diabetes
Tobacco/
Alcohol Use

Osteoporosis
NSAID/
Corticosteroid use

Weight bearing 
compliance

Infection
Vascularity
Avascular
necrosis

Soft tissue
injury

Open/
Arthroscopic

Construct
stability

Surgeon
experience

Revision
arthrodesis
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ROM.385 For a patient with RA, active ROM is essential 
in all involved joints not restricted by the immobilization
device.

When bony fusion has occurred and use of the immobi-
lizer has been discontinued, postimmobilization muscle
weakness, balance deficiencies, and adjacent joint hypomo-
bilities should be addressed. The type of fixation should be
considered in exercise prescription. For example, a subtalar
fusion will limit inversion and eversion of the foot, reducing
the capacity for isotonic posterior tibialis strengthening.

Return to physical activities. Studies with relatively small
samples have investigated the ability of individuals to return 
to physical activities following arthrodesis. Romeo et al285 com-
pared the rate and type of recreational sport activities in 
33 patients (22 males, 11 females) after calcaneal fractures
treated with subtalar joint arthrodesis. The percentage of indi-
viduals reporting sports participation did not change following
arthrodesis. The authors noted a shift from high- to low-impact
activities and from longer to shorter duration exercise sessions.
Shuh et al303 reported that 18 out of 20 patients (90%) reported
sport activity prior to ankle arthrodesis and 15 out of 20 re-
ported similar activity after arthrodesis. Although specific 
activity rates varied in these studies, the most common post-
operative activities included cycling, swimming, hiking, skiing,
and exercise walking.285,303 A survey of surgeons and athletic
trainers concluded that participation in low-impact sports is
recommended and participation in high-impact sports is dis-
couraged.365 Low-impact sport participation that requires dor-
siflexion beyond neutral, such as cycling, can be difficult
following ankle arthrodesis because of the restricted dorsiflex-
ion inherent in the procedure.

Outcomes
Short- and intermediate-term outcomes. Following
arthrodesis, fusion rates of greater than 90% should be 
expected in uncomplicated cases.84,114,176,242,348 Factors 
contributing to nonunion include multiple fusion sites, open
technique, greater preoperative deformity, and underlying 
inflammatory arthropathy. When healing is complete after
arthrodesis, pain relief and joint stability are predictable out-
comes, generally resulting in improved functional mobility.
Following ankle arthrodesis, postoperative walking speed is
significantly improved when compared to baseline measures;
however, speed remains significantly reduced when compared
to controls.19,313,340 Because dorsiflexion and plantarflexion
are lost, the speed and biomechanics of gait are altered, 
resulting in an asymmetrical gait pattern in most individuals.
These alterations result in increased energy expenditure and
compensation from the hindfoot and midfoot.32,96,288,313,340

After ankle arthrodesis, patients face functional challenges
such as difficulty walking on uneven surfaces or inclines and
ascending and descending stairs.

Long-term outcomes. Although arthrodesis provides pain
relief in the fused joint(s), biomechanical studies show that
the procedure increases stress on neighboring joints.142,368

TABLE 22.3 Intrinsic and Extrinsic Factors
Associated With Heel Pain

Intrinsic Factors Extrinsic Factors

Pes cavus foot type
High BMI
Decreased ankle dorsiflexion
Weak foot intrinsic 
musculature

Faulty lower extremity 
alignment

Female gender

Running
Increase in exercise
routine

Work demands
Assembly line work
Work requiring in/out
of vehicles

Improper footwear

Several clinical studies demonstrate accelerated degenerative
changes in the subtalar and tarsometatarsal joints following
ankle arthrodesis.19,77,79,96,313 Given that traditional arthrode-
sis indications include age < 50 years, long-term adverse func-
tional outcomes are a concern. Coester et al45 carried out a
long-term follow-up study of 23 patients who had undergone
isolated talocrural arthrodesis for posttraumatic arthritis a
mean duration of 22 years earlier and found a significantly
higher rate of arthritis in the ipsilateral hindfoot and midfoot
joints compared to the same joints in the contralateral limb.
In addition, based on information from standardized, self-
report functional assessment instruments, ipsilateral foot pain
interfered with the functional mobility of almost all patients.
For this reason, the long-term cost-effectiveness of arthrodesis
compared to arthroplasty has been questioned. Two recent
studies concluded that although direct costs associated 
with arthrodesis are significantly lower than with ankle
arthroplasty, arthroplasty results in approximately 2 addi-
tional quality-adjusted life years.54,179

Leg, Heel, and Foot Pain:
Nonoperative Management

The cause of pain in the leg, heel, or foot is often multifac-
torial, but it most commonly occurs from biomechanical
stress or overload. Pain is typically described as an overuse
syndrome from repetitive microtrauma, but is also described
as non-inflammatory degeneration.345 The increased bio-
mechanical stress may be from obesity, work habits, faulty
alignment of the lower extremity, muscle imbalances or 
fatigue, changes in exercise or functional routines, training
errors, improper footwear for the ground, functional 
demands placed on the feet, or a combination of several 
of these factors226,345 (see Table 22.3).213,226,345 Symptoms
persist because continued overload is placed on the tissue
before it is adequately healed. A common cause predisposing
this region to painful syndromes is excessive pronation of
the subtalar joint during weight-bearing activities. Increased
pronation could be related to a variety of causes including
excessive joint mobility, inadequate neuromuscular control,
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leg length discrepancy, femoral anteversion, external tibial
torsion, genu valgum, or muscle flexibility and strength im-
balances in the lower extremity. Often there is a hypomobile
gastrocnemius-soleus complex related to the abnormal foot
pronation.

Related Pathologies and Etiology 
of Symptoms
The extrinsic foot musculature symptoms can develop at or
near proximal attachments in the leg (shin splints); at the
ankle where the tendons course around bony prominences;
or at distal attachments in the foot (tendinopathy). Symptoms
may also develop in the intrinsic foot muscles as well as in the
plantar fascia (plantar fasciitis). Several common syndromes
are described in this section.

Heel Pain
Heel pain is most often experienced on either the plantar 
surface of the heel or near the postero-superior calcaneus.
Plantar surface pain at the insertion of the plantar fascia is
common and may be related to overstretch of this tissue.
Plantar pain may also result from calcaneal heel spurs or 
tissue bruising after high-impact forces related to jumping or
falling. Posterior pain is most often located near the insertion
of the Achilles tendon due to insertional tendinopathy or 
inflammation of one of the Achilles bursa.345

 FOCUS ON EVIDENCE
The Heel Pain Committee of the American College of Foot
and Ankle Surgeons (ACFAS) published a revised Clinical
Practice Guideline (CPG)345 that categorizes mechanical
heel pain as plantar heel pain (including plantar fasciitis,
plantar fasciosis, and heel spurs) and posterior heel pain
(including insertional Achilles tendinopathy and bursitis).
The Orthopaedic Section of the American Physical Therapy
Association has published two separate CPGs, one for
Achilles pain, stiffness, and muscle power deficits (Achilles
tendinitis), and one for heel pain (plantar fasciitis).39,213,226

Recommendations from these CPGs are included in the 
following sections.

Plantar fasciitis. Pain is usually experienced along the 
plantar aspect of the heel, where the plantar fascia inserts on
the medial tubercle of the calcaneus. The site is typically very
tender to palpation. Pain occurs on initial weight bearing after
periods of rest (start-up pain), then decreases, but returns as
weight-bearing activity increases.213,226,345 Associated impair-
ments include hypomobile gastrocnemius-soleus muscles and
plantar fascia pain or restriction when extending the toes
(windlass effect).98,213 Martin et al213 suggest research to ex-
plore the role of decreased intrinsic muscle strength as a
causative factor in plantar fascia pain. A high body mass

index, inappropriate footwear, and either a flexible flat foot
(pes planus) or a high arch foot (pes cavus) may be predis-
posing factors. Pressure transmitted to the irritated site
with weight bearing or stretch forces to the fascia, as when
extending the toes during push-off, causes pain. Gait 
mechanics may be impaired, with avoidance of heel strike
during loading response and decreased push-off during ter-
minal stance. Although an infracalcaneal spur (heel spur)
is frequently found in individuals with plantar fasciitis, its
presence or absence does not necessarily correlate with
symptoms.345

Insertional Achilles tendinopathy and bursitis. Pain 
is experienced at the calcaneal insertion of the Achilles 
tendon.39,345 Associated impairments include decreased ankle
dorsiflexion206,317,373 abnormal subtalar ROM, decreased
ankle plantarflexion strength,206,310,311 and increased foot
pronation with walking or running.376 Reported risk factors
include obesity, hypertension, diabetes, and use of certain
medications including fluoroquinolone (antibiotic) and statin
medications.39,40,210 Ultrasound imaging may be able to iden-
tify tendinopathy prior to onset of pain and dysfunction.93,94

Once symptomatic, pain and stiffness follow a typical
tendinopathy pattern: symptoms in the tendon begin follow-
ing a period of inactivity, decrease with a return to activity,
but eventually increase as activity continues. Changes in shoe
heel height can provoke symptoms, particularly for individ-
uals walking long distances in a low-heeled shoe when they
are accustomed to high heels.

Tendinosis, Tendonitis, and Tenosynovitis
Tendinopathy is an umbrella term that indicates a disorder of
the tendon. Tendinosis describes a long-standing, chronic, 
degenerative tendon that is absent of inflammatory mediators
or cells. Tendinitis indicates an acute inflammatory process
in the tendon. Differentiation between tendinitis and tendi-
nosis is critical to successful physical therapy intervention.
Tenosynovitis is inflammation of the tendon synovial sheath,
which may occur in the sheath of the posterior tibialis tendon
as it passes posterior to the medial malleolus.

Any tendon of the extrinsic foot muscles may become 
irritated as it approaches and crosses behind or over the ankle
or at the insertion on the foot. Pain occurs during or after
repetitive activity. When the foot and ankle are evaluated, pain
is experienced at the site of the lesion during resistance to the
muscle action and when the involved tendon is placed on
stretch or palpated.39,345

A common site for Achilles tendinopathy symptoms is 
2 to 6 cm proximal to the calcaneal insertion in the midsub-
stance of the tendon.39 With Achilles tendinopathy, the 
affected leg will demonstrate decreased plantar flexor strength
and endurance, as demonstrated by a limited ability to per-
form repetitive unilateral heel raises when compared to the
unaffected side.310 Tendon degeneration in the posterior tib-
ialis tendon is also a common source of pain that can lead to
impaired walking or acquired pes planus.178 Symptoms in the
anterior or posterior tibialis tendons or fibularis tendons are
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often associated with athletic activities such as running and
court sports.

 FOCUS ON EVIDENCE
Volume 45, No. 11 of the Journal of Orthopaedic & Sports
Physical Therapy (November 2015) is a special journal 
issue encompassing current basic and applied science as it
relates to the pathophysiology, examination, evaluation, and
treatment of tendinopathy. Relative to the foot and ankle,
Michener and Kulig233 compare and contrast the pathophys-
iologic changes and treatment strategies for management 
of supraspinatus and Achilles tendinopathy. Couppe et al53

review literature related to eccentric Achilles tendon loading
as a treatment for tendinosis, concluding that tendon loading
is generally beneficial but that current literature does 
not support one optimal loading strategy. Silbernagel and
Crossley309 describe an evidence-based decision-making
process used to return an athlete with midportion Achilles
tendinopathy back to full sport participation while minimiz-
ing the chance of recurrence.

Shin Splints
This term is used to describe activity-induced leg pain along
the posterior medial or anterior lateral aspects of the proximal
two-thirds of the tibia. It may include different pathological
conditions such as musculotendinopathy, stress fractures of the
tibia, periosteitis, compartment syndrome, or irritation of the
interosseous membrane. Muscle fatigue with vigorous weight-
bearing exercise, often associated with a significant increase in
intensity or duration, may precipitate the condition.

Anterior shin splints. Overuse of the anterior tibialis muscle
is the most common type of shin splint. Impairments associated
with shin splints include hypomobile gastrocnemius-soleus
complex, weak anterior tibialis muscle, and excessive pronation
with walking or running306,350 Pain increases with active dorsi-
flexion and when the muscle is stretched into plantarflexion.

Posterior shin splints. A tight gastrocnemius-soleus com-
plex and a weak or inflamed posterior tibialis muscle, along
with increased foot pronation, are associated with postero-
medial shin splints. Pain is experienced when the foot is pas-
sively pronated to end range with overpressure and/or actively
supinated against resistance.

Common Impairments of Structure
and Function, Activity Limitations,
and Participation Restrictions
■  Pain with repetitive activity, on palpation of the involved

site, with stretch of the involved musculotendinous unit,
and with resistance to the involved muscle

■  Pain on initial weight bearing and with repetitive weight-
bearing activities and gait

■  Muscle length-strength imbalances, especially tight 
gastrocnemius-soleus muscle group

■  Abnormal foot posture, including that created by faulty
footwear

■   Decreased length of time the individual can tolerate standing
■  Decreased distance or speed of ambulation, which may

limit associated community and work activities and recre-
ational and sport activities

Leg, Heel, Foot Pain: Management—
Protection Phase
If signs of local inflammation are present (erythema, edema,
warmth), treat as an acute condition with rest and appro-
priate modalities (See Chapter 10 for general principles and
guidelines). Stress relief can be achieved with immobiliza-
tion in a cast or orthosis with the foot slightly plantarflexed;
or with a temporary heel lift, a shoe orthotic, or calcaneal
taping.39,76,134,144,213 Interventions in the protection phase
include:

■  Cross-friction massage to the site of the lesion
■  Submaximal muscle-setting contractions
■  Passive stretch of the plantarflexors
■  Active ROM within pain-free range
■  Activity modification or avoidance
■   Supportive taping or orthotic prescription39,144,178,213,226,247,345

Leg, Heel, Foot Pain: Management—
Controlled Motion and Return 
to Function Phases
When symptoms become subacute, the entire lower extremity
as well as the foot should be examined for impaired alignment
or muscle flexibility and strength imbalances. Eliminating
or modifying causative factors in the lower extremity kinetic
chain is important to improve outcomes and to correct 
alignment.44,381 Orthotic devices may be necessary to correct
alignment.39,144,178,213,345 A comprehensive movement screen
such as described by Cook et al46 can also be useful in deter-
mining aberrant movement patterns, asymmetries, weak-
ness, or tightness remote to the painful area that may be
contributing to the problem. Detailed descriptions of stretch-
ing and strengthening exercises for the ankle and foot are
found in the last section of this chapter.

 FOCUS ON EVIDENCE
A multicenter, randomized study of 60 subjects with plantar
heel pain compared two treatment groups, one receiving elec-
trophysical agents and exercise and the other treated with
manual interventions (vigorous soft tissue techniques and
joint mobilization directed at the hip, knee and ankle/foot as
needed) and exercise. Both groups demonstrated significant
improvement in functional measures and pain, with those 
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receiving the specific manual interventions and exercise
showing greater increases at 4-week (function and pain) and
6-week (function only) follow-ups.44 Individuals with plantar
heel pain symptoms less than 7 months’ duration were more
likely to respond positively to treatment, while age and BMI
were not related to the treatment response.218

Educate the Patient and Provide Home
Exercises
■  Help the patient incorporate home exercises and soft tissue

and joint mobilization into his or her daily routine.
■  If the patient experiences pain when first bearing weight,

especially in the morning and after prolonged sitting,
teach the patient to do ROM exercises with the foot for
several minutes before standing. Emphasize full dorsiflex-
ion active ROM.

■  Teach prevention, including the following principles.
■ Before intense exercise, use gentle repetitive warm-up

activities followed by stretching of tight muscles.
■ Use proper foot support for the ground conditions.
■ Allow time for recovery from microtrauma after high-

intensity exercise bouts.

Increase Mobility of Range-Limiting Structures
■  The gastrocnemius-soleus muscle complex is frequently

hypomobile in cases of foot problems and should be
stretched if limiting dorsiflexion. Restricted mobility causes
the foot to pronate when the ankle dorsiflexes.

CLINICAL TIP
Instruct patients with pes planus to wear supportive shoes
with medial arch support when performing gastrocnemius-
soleus stretches to protect the foot.153

■  With heel pain, apply joint and soft tissue mobilization
techniques.
■ Deep massage to the insertion of the plantar fascia at the

medial calcaneal tubercle and the gastrocnemius-soleus
tendon.

■ Joint mobilization directed to specific limitations such
as lateral glide to the subtalar joint to improve rear foot
inversion and posterior glide to the talus to improve
ankle dorsiflexion.

■ Joint mobilization at the knee or hip as needed.44

■  Stretching exercises to the plantar fascia that includes toe
extension with ankle dorsiflexion and eversion.67

■  Stretching exercises to any lower extremity region that may
affect alignment and function of the foot and ankle.

Improve Muscle Performance
■  Begin with resistive isometric and progress to resistive dy-

namic exercises to the foot and ankle in open- and closed-
chain activities.

■  For medial and lateral support, develop a balance in
strength between the muscle groups, especially the inver-
tors and evertors.39,178

■  Emphasize muscular endurance and train the muscles to
respond to eccentric loading.

■  With plantar fasciitis, the intrinsic muscles need to be
strengthened. Include exercises that require toe control
such as gathering a towel or picking up small objects.

 FOCUS ON EVIDENCE
Barefoot running is a recent trend among recreational run-
ners. It is proposed that barefoot running facilitates mid-foot
strike during the contact phase of the running cycle, reducing
ground reaction force and decreasing injuries.189,194,322

Limited evidence supports an association between barefoot
running and reduced ground reaction force at impact.117 It is
also theorized that barefoot running strengthens the muscles
of the foot and lower leg and improves proprioception.190 A
recent prospective study randomly assigned 29 experienced
runners to an 8-week running program completed in either
running shoes or while barefoot. Although both groups
demonstrated significant improvement in some performance
outcome measures, there were no between group differences
noted. The authors suggest that 8 weeks may be an insufficient
amount of time to observe changes related to footwear.240

Ligamentous Injuries:
Nonoperative Management

Ankle sprain is one of the most common musculoskeletal 
injuries with physically active individuals who are at higher
risk than the general population.90,91,370 First-, second-, and
third-degree (grades I-III) sprains are usually managed con-
servatively.154,220 The most common type of ankle sprain is
caused by inversion stress and can result in a partial or com-
plete tear of the anterior talofibular (ATF) ligament and often
the calcaneofibular (CF) ligament (see Fig. 22.2).69,90,154,281,370

The posterior talofibular (PTF) ligament, the strongest of the
lateral ligaments, is rarely torn in isolation; significant inver-
sion stress is required to tear the PTF ligament.278 If the infe-
rior tibiofibular ligaments are torn after torsional stress to the
ankle, the mortise becomes unstable.21,140 Rarely do the com-
ponents of the deltoid ligament become strained; rather, there
is greater likelihood of an avulsion from or fracture of the me-
dial malleolus with significant eversion stress. Depending on
the severity of injury, the joint capsule also may be involved,
and intra-articular pathology, including cartilage lesions, may
occur.327

Prospective cohort studies note that a history of a previous
ankle sprain is a risk factor for future sprain,13,62,85,129,174,175,324,351

as is participation in organized or recreational athletic activi-
ties.69,90,370 Using an external support (lace-up ankle brace or
athletic ankle taping) has been shown to decrease the incidence
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of ankle sprains.68,147,188 Conflicting evidence exists related to
age, gender, physical characteristics, postural control, general
ligamentous laxity, and foot type as risk factors for ankle
sprain.212 Table 22.4 details evidence-based risk factors associ-
ated with acute lateral ankle sprains.212

Common Impairments of Structure
and Function, Activity Limitations,
and Participation Restrictions
■  Pain when the injured tissue is stressed in mild to moderate

injuries.
■  Excessive motion or instability of the related joint in the

case of complete tears.
■  Proprioceptive deficit manifested as decreased ability 

to perceive passive motion and development of balance 
impairments.374

■  Related joint symptoms and reflex muscle inhibition.259

■  Possible decreased ROM of the talocrural joint in recurrent
lateral ankle sprains due to anterior subluxation and im-
paired tracking of the talus in the mortise.366

■  Postural control deficits following an acute lateral ankle
sprain in both the injured and uninjured limb.192,225

■  Restricted ambulation (requiring an assistive device) dur-
ing the acute and subacute phases. With chronic instabil-
ity, the individual may have difficulty walking or running
on uneven surfaces or making quick changes in direction.
He or she may be unable to land safely when jumping or
hopping.

 FOCUS ON EVIDENCE
A randomized controlled trial (N = 40) incorporated a 
repeated measures design to demonstrate the efficacy of a 
balance-training program using elastic tubing as a perturba-
tion force. Individuals with chronic ankle instability (CAI) 
(n = 20) were matched with healthy normal subjects (n = 20).
Subjects in each group were randomly assigned to either an
elastic tubing balance exercise group or to a control. Total
travel distance of the center of pressure was measured at base-
line, after 4 weeks of training, and at a 4-week follow-up ses-
sion. The 4-week elastic resistance balance-training program
caused a significant improvement in balance for the exercise
group when compared to the control; and significant im-
provement in the CAI group compared to the healthy normal
group. Improvements in balance persisted 4 weeks following

the intervention. The authors concluded that elastic resistance
for balance perturbation should be considered for both home
and clinic use in individuals with CAI.120

Ankle Sprain: Management—
Protection Phase
See Chapter 10 for principles of treatment during the stages
of inflammation and repair.

 FOCUS ON EVIDENCE
The Orthopaedic Section of the American Physical Therapy
Association published a CPG to guide evidence-based man-
agement of ankle ligament sprains.212 The National Athletic
Trainer’s Association published a position statement guiding
the conservative management of ankle sprains in athletes.154

Recommendations from both of these papers are incorpo-
rated into the following section.

■  Use compression, elevation, and repeated intermittent ap-
plications of ice to minimize swelling.25,26,105,358 Random-
ized controlled trials have failed to demonstrate consistent
support for electrical or acoustic modalities.
■ Electrotherapy: There is moderate evidence both for and

against the use of electrotherapy to manage acute pain
and swelling, with a trend toward no benefit.88,208,227,316

■ Ultrasound: Clinicians should not use ultrasound for the
management of acute ankle sprains.363

■  Provide external support (brace, semi-rigid ankle orthotic,
or walking boot) in conjunction with progressive, func-
tional weight bearing.31,47,151

■  Use gentle joint mobilization techniques to maintain 
mobility and inhibit pain.195

■  Perform gentle sagittal plane active ROM in a pain-free
range.

■  Educate the patient.
■ Teach the patient the importance of RICE (rest, ice, com-

pression, and elevation), and instruct the patient to apply
ice every 2 waking hours during the first 24 to 48 hours.

■ Teach partial weight bearing with crutches and instruct
in progressive weight bearing.

■ Teach muscle-setting (isometric) exercises and active toe
curls to help maintain muscle integrity and assist with
circulation.

872 Ligamentous Injuries: Nonoperative Management

TABLE 22.4 Intrinsic and Extrinsic Factors Associated With Acute Lateral Ankle Sprain

Intrinsic Risk Factors Extrinsic Risk Factors

Previous ankle sprain13,62,85,129,174,175,324,351 Athletic participation without external support68,147,188

Decreased ankle dorsiflexion ROM62 Failure to warm-up prior to activity124

Failure to participate in balance/proprioceptive training141,223,224,236,282,297,356,362
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 FOCUS ON EVIDENCE
Bleakley et al27 randomly assigned individuals (N = 101) to
either accelerated rehabilitation (AR) or standard protection
(SP) groups after acute grade I and II lateral ankle sprains 
(average 2 days’ postinjury). Individuals in the AR group 
(n = 50) received early therapeutic exercise as well as cryother-
apy and advice for early progressive weight bearing. The SP
group (n = 51) initially received only cryotherapy and advice
for progressive weight bearing; therapeutic exercise was 
initiated after 1 week. After the first week, both groups com-
pleted a progressive therapeutic exercise regime that consisted
of muscle strengthening, neuromuscular training, and sport-
specific functional exercise. The AR group demonstrated sig-
nificant improvement in ankle function at weeks 1 and 2 and
significantly greater physical activity during the first week. At
16 weeks, both groups reported good ankle function with just
four re-injuries (two in each group). This finding supports
early initiation of therapeutic exercise following acute ankle
sprain.

Ankle Sprain: Management—
Controlled Motion Phase
■  As the acute symptoms subside, continue to provide pro-

tection for the involved ligament with an orthosis during
weight bearing. Commercial orthoses, such as an air splint,
provide medial-lateral stability while allowing dorsiflexion
and plantarflexion.22,118,159

■  Provide gait training to normalize walking over level
ground and on stairs.

■  Apply cross-friction massage to the ligaments as tolerated.
■  Use grade II joint mobilization techniques to maintain

mobility of the joint, particularly posterior glide of the
talus.

■  Advance therapeutic exercise resistance or intensity. Avoid
end-range inversion. Exercises should be completed fre-
quently throughout the day.
■ Nonweight-bearing active ROM into dorsiflexion, plan-

tarflexion, inversion, and eversion; toe curls; and ankle
alphabet.

■ Sitting with the heel on the floor and performing foot
intrinsic exercises: towel gathering or picking up objects
with the toes.

■  Stretch the gastrocnemius-soleus muscle group to restore
full ankle dorsiflexion. Begin with towel stretch in long sit-
ting, then progress to weight bearing stretches.

■  As swelling decreases and weight bearing tolerance in-
creases, progress to progressive resistive exercise (strength
and endurance) and neuromuscular re-education (balance
and proprioception).141 Include isometric and isotonic ex-
ercise, bicycle ergometry, and partial to full weight-bearing
balance board exercises. Initially, have the patient wear a
range-limiting brace or orthosis to prevent excessive stress
on the healing ligament.

Ankle Sprain: Management—Return
to Function Phase
■  Progress strengthening exercises by adding elastic resistance

to foot movements in long-sitting (open-chain) and sitting
with the heel on the floor for partial weight bearing.

■  Progress neuromuscular reeducation training to improve
balance, coordination, stability, and neuromuscular response
in full weight bearing. Progressively challenge dynamic lower
extremity stabilizers by introducing varying degrees of sur-
face instability and external perturbation.

■  Incorporate movement patterns, such as forward/backward
walking and cross-over side stepping with elastic resistance
secured around the unaffected lower extremity.120

■  Utilize an unstable surface, such as a BOSU®, BAPS®
board, or mini-trampoline, or an ankle destabilization shoe
or boot.73,74

■  Depending on the final goals of rehabilitation, train the
ankle with weight-bearing activities, such as walking on
uneven ground, jogging, running, jumping, hopping, and
sprinting. Incorporate agility activities such as controlled
twisting, turning, and lateral weight shifting. Provide dis-
tracting activities such as ball toss to increase automaticity
of postural control.274,287

■  When the patient is involved in sports activities, the ankle
should be splinted or taped and appropriate shoes should
be worn to protect the ligament from re-injury.68,147,188

CLINICAL TIP
Use of external support during neuromuscular training has
been shown to decrease muscle activation in the lower ex-
tremity.88,261 To maximize the neuromuscular benefit of train-
ing, select balance and proprioception exercises that can be
completed safely without external support.

 FOCUS ON EVIDENCE
McKeon and Hertel224 performed a systematic literature 
review to determine the effectiveness of balance and coor-
dination training for individuals with lateral ankle instabil-
ity. Prophylactic balance training substantially reduced the
risk of sustaining ankle sprains, with a greater effect seen
in those with a history of a previous sprain. There was in-
adequate evidence to show that training prevented sprains
for those without previous injury. The review also demon-
strated that balance and coordination training substantially
improved treatment outcomes after acute ankle sprains. 
A recent randomized controlled trial (N = 522), not in-
cluded in this systematic review, found a 35% reduction 
in ankle sprain recurrence in individuals who completed 
an unsupervised proprioceptive training program following
usual care for lateral ankle sprain.141 Neuromuscular re-
education for balance and proprioceptive training should
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Tearing of both the ATF and CF ligaments leads to com-
bined instability of the tibiotalar and subtalar joints. The
ATF ligament is most likely to tear when forceful inversion
occurs while the ankle is plantarflexed.164,304,357,384 Injuries
associated with lateral ankle sprain include articular carti-
lage (talar dome) lesions, fibularis tendon tearing or sub-
luxation, a transverse fracture of the lateral malleolus,
syndesmosis sprain, or an avulsion fracture of the base of
the fifth metatarsal.70,89,281,284,364

In addition to significant swelling, tenderness, and pain, a
complete tear of one or more lateral ligaments causes marked
mechanical instability and functional instability of the ankle
during weight-bearing activities.125,128,132 Mechanical insta-
bility is defined as ankle mobility beyond the physiologic
ROM, increased talar tilt, and an anterior drawer sign indica-
tive of join laxity. Functional instability is characterized by
the patient’s sensation of the ankle “giving way.”125,132,329 The
severity of functional ankle instability does not appear to be
directly related to the magnitude of anterior joint displace-
ment or talar tilt.56,132 It has been hypothesized that func-
tional ankle instability results from both peripheral and
central sensorimotor deficits.121,126 This may account for the
feeling of “giving way” experienced by many patients who
have no evidence of mechanical instability with physical ex-
amination after a lateral ankle sprain. Despite normal joint
motion and no apparent laxity, these individuals report sig-
nificant functional limitations. Hiller et al128 proposed mul-
tiple subgroupings of individuals with ankle instability
symptoms, positing that ankle instability results from an 
interaction between mechanical, functional, and perceived 
instability.

After an acute, grade 3 inversion injury, nonoperative
treatment is successful for most individuals. However, some
patients develop chronic ankle instability with continued
pain, recurrent sprains, and a consistent feeling of the ankle
“giving way.” For patients with demonstrated instability who
do not respond to conservative management and for select
patients with acute lateral ankle injuries who regularly engage
in high-impact activities, surgical repair or reconstruction
may be required to manage the instability and return the pa-
tient to the desired level of function.3,171,281 The overall goal
of surgery and postoperative management is to restore joint
stability while retaining pain-free, functional ROM of the
ankle and subtalar joints.3,171,281,296

Indications for Surgery
The following have been frequently cited indications for sur-
gical reconstruction or repair of the lateral ankle soft tissue
structures:3,89,109,171,281,296

■  Chronic mechanical and functional instability of the ankle
during activity that is not resolved with several months of
conservative management.

■  Acute, radiographically or arthroscopically confirmed
third-degree lateral ankle sprain resulting in complete tear
of the ATF and/or CF ligaments.

FIGURE 22.7 A complete tear of the lateral collateral ligament com-
plex as the result of a severe (grade 3) inversion injury of the ankle.
(From McKinnis, LN: Fundamentals of Musculoskeletal Imaging, ed. 3.
Philadelphia: F.A. Davis, 2010, p 432, with permission.)

be performed following lateral ankle sprain to reduce re-
injury rates.154,212

In a prospective study, 384 individuals with subacute
ankle sprain (< 2 months from injury) were randomly 
assigned to one of three treatment arms: training group 
(n = 120), brace group (n = 126), or combination group 
(n = 138). The training group completed an 8-week inde-
pendent neuromuscular training program; the brace group
received a semi-rigid brace to be worn during all sporting
activities for 12 months; and the combination group 
received both the neuromuscular training program and a
semi-rigid brace to be worn during all sporting activities
for 8 weeks. Re-injury was tracked for 1 year. During the 
1-year follow up, 69 participants (20%) reported a sub -
sequent ankle sprain: 29 (27%) in the training group, 17
(15%) in the brace group, and 23 (19%) in the combination
group. The brace group re-injury rate was significantly
lower than the training group, but not significantly differ-
ent than the combination group. There was no between-
group difference in the severity of subsequent ankle sprains.
An extended period of brace wear following lateral ankle
sprain is indicated to reduce re-injury rates.147

Traumatic Soft Tissue
Injuries: Surgical and
Postoperative Management

Repair of Complete Lateral Ankle
Ligament Tears
A third-degree (grade 3) sprain of the lateral ankle, which
usually occurs as the result of a severe inversion injury,
causes a complete tear of the ATF ligament, often the CF 
ligament, and infrequently the PTF ligament (Fig. 22.7).281
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Procedures

Types of Stabilization Procedures
There are numerous surgical procedures that may be used for
reconstruction or repair of the lateral ankle ligaments and 
soft tissue structures (Fig. 22.8).37,52,89,109,143,171,266,281,296,320,338

Procedures are dichotomized into two broad categories: 
repair and reconstruction.215,281 Surgical repair techniques 
involve a direct end-to-end anatomic suturing of the torn or
attenuated (overstretched) ATF or CF ligaments; surgical 
reconstruction uses tenodesis (tendon graft) to reconstruct
the lateral ankle complex. Either procedure can be performed
via arthroscopy or open procedure.3,109,336

The type of procedure selected depends on the severity 
and chronicity of the instability, the presence of comorbidi-
ties, the patient’s age and anticipated postoperative activity
level, and the surgeon’s preferred method. Repair is typically
the preferred procedure for patients with chronic lateral ankle
instability who have normal body mass and ADL require-
ments. Reconstruction is reserved for individuals who may
stress the ankle to a greater degree than normal.109,215

Direct repair. The surgery most commonly performed for
a primary repair is the modified Broström procedure, also
known as the Broström-Gould procedure.89,109,215,281 This 
procedure involves an anatomic repair of the ATF and/or CF
ligament(s) with one or more of the following techniques:

■  Direct, end-to-end repair of midsubstance tear
■  Imbrication (overlap/suture with pants-and-vest technique)

of stretched ligament
■  Anchoring of avulsed ligament to bone

The anatomic repair is augmented by suturing the lateral
portion of the extensor retinaculum to the fibula, reinforcing
the repaired structures. Retinacular reinforcement is regarded
as a critical element to the success of the procedure.109

Reconstruction with augmentation. Reconstruction pro-
cedures, in general, are employed when direct repair is not
an option because of poor ATF and/or CF ligament tissue
quality or when a patient’s weight (more than 200 to 250 lb)
will overly stress a direct repair. Reconstruction with aug-
mentation is also used as a revision procedure when previous
direct repair has failed to prevent a recurrence of instability.
Current lateral ankle reconstruction procedures utilize
anatomic reconstruction of the ATF and CF ligaments with
tendon autograft or allograft. These procedures route the
transferred tendon graft in such a way as to replicate the
anatomic positions of the ATF and CF ligament origin and
insertion sites.109 The transferred tendon can be secured to
the bone with anchors, interference screws, or endobutton
devices.109,171,281,336

The ipsilateral fibularis brevis tendon is the most com-
monly used autologous graft. The tendon can be completely
excised with the distal muscle fixed to the fibularis longus; or
the tendon can be split, sparing the stabilizing action of the
muscle. 281,296 To preserve the integrity of the fibularis brevis
tendon, reconstruction procedures using a gracilis52,336 or
semitendinosis137 tendon autograft, or an anterior tibialis83

or bone-patellar tendon332 allograft, have been developed.

Surgical Approach
Repair and reconstruction have historically been performed
as open procedures. Arthroscopy, previously reserved for 
perioperative examination to guide open reconstruction, 
has recently demonstrated promising short-term clinical 
results.3,48,51,110,166,217,336,337,361 Arthroscopic direct repair and
reconstruction have been described with early promising 
results in nonrandomized, case series reports. Techniques vary,
but both procedures follow the general tenets for repair and re-
construction described above. In a recent systematic review that
included published reports of arthroscopic repair (21 studies)
and arthroscopic reconstruction (6 studies), Matsui et al216

concluded there is insufficient evidence to support a high grade
of recommendation for minimally invasive surgery.

Operative Overview
Prior to an open repair or reconstruction for lateral ankle
instability, arthroscopy is performed to assess the extent of
intra-articular pathology. A high percentage (77% to 95%)
of chronically unstable ankles exhibit associated intra-
articular pathology, specifically small articular cartilage 
lesions, which are thought to be a precursor to osteoarthri-
tis of the ankle.89,138,333 If a chondral lesion is identified,
arthroscopic subchondral drilling (microfracture) is typi-
cally performed.138,339

After arthroscopy an oblique or curvilinear incision is
made beginning at the anterior aspect of the distal fibula and
extending distally along the lateral aspect of the ankle and
foot. If a direct repair (Broström-Gould) procedure119 is used,
torn or avulsed structures are repaired with permanent 
sutures by excision and end-to-end repair, a vest-over-pants
(imbrication) technique, or through drill holes in the bone.

graft

FIGURE 22.8 Lateral view of the ankle depicting reconstruction of
torn ATF and CF ligaments using a tendon graft to augment stability.
Proximal advancement of the extensor retinaculum (not shown) over
the reconstructed ligaments and suture attachment to the distal
fibula provides additional stability.
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The repair is augmented by suturing the lateral portion of the
extensor retinaculum to the distal fibula.281 If an autologous
fibularis brevis tendon graft is to be used to provide additional
reinforcement (Chrisman-Snook procedure),43 the tendon is
split longitudinally. One half of the tendon is transected from
the musculotendinous junction, leaving the distal insertion
intact. Bone tunnels are drilled in the fibula and calcaneus.
The graft is passed through bone tunnels and, after appropri-
ate tensioning, is secured either to the base of the fifth
metatarsal or to the distal fibula with permanent sutures. If a
semitendinosis or gracilis graft is used, a third bone tunnel is
drilled in the lateral neck of the talus and the free graft is se-
cured in the tunnel with a biotenodesis screw.52,83,281,338 With
either a fibularis graft or a free graft, the extensor retinaculum
is advanced proximally and sutured over the ligament repair
to the distal fibula for additional reinforcement.

Prior to wound closure, ankle stability and ROM are
checked. The foot and ankle are placed in a compression
dressing in a nonwalking bivalve cast or posterior orthosis
with the ankle in 0° of dorsiflexion and slight eversion. The
leg is elevated for edema management.

Postoperative Management
Postoperative care varies by procedure and surgeon. Direct
repair procedures rely on biomechanically weaker suture re-
pair when compared to the strong fixation of allograft tissue
reconstruction.215,281 Because of this, post-operative progres-
sion of direct repair has traditionally been more conservative
than for reconstruction, despite scant evidence to support this
approach.217,270

Initial management generally consists of a period (2 to 
6 weeks) of nonweight-bearing immobilization followed 
by 2 to 4 weeks of weight bearing to tolerance in a walking
boot.264,281 Protected ROM exercise is initiated after the initial
immobilization period; terminal inversion is avoided. The ex-
ercise progression after surgery is similar to that used for non-
operative management of lateral ankle sprains. Postoperative
management attempts to restore normal ROM and neuro-
muscular control while preventing re-injury.264

Immobilization and Weight-Bearing Considerations
Immobilization. After some degree of swelling has sub-
sided, usually within 3 to 5 postoperative days, the compres-
sion dressing and protective cast or orthosis is removed and
a short leg cast is reapplied. Depending on the type and
strength of the repair, the cast is removed at 2 to 6 weeks and
replaced with an air-stirrup-type orthosis, a removable cast
boot, or a CAM walking brace, which is worn for several 
additional weeks.52,89,264,281,372 Once in a removable boot or
orthosis, patients are encouraged to perform active ROM
dorsiflexion/plantarflexion and restricted active ROM 
inversion/eversion (10°-15° arc of motion).264

By 6 to 12 weeks, the patient gradually discontinues use
of the immobilizer during ambulation. However, patients
returning to athletic activities that involve jumping, run-
ning, and quick changes of direction are advised to wear a

protective orthotic device or to tape the ankle for at least 
3 to 6 months to prevent re-injury.

Weight bearing. Although recent reports indicate that imme-
diate weight bearing to tolerance is safe and beneficial,235,270

a period of nonweight bearing in the protective orthosis or cast
is still frequently recommended.264,281 Following removal of the
compression dressing, the return to weight bearing schedule
can vary. Although Pearce et al264 recommend weight bearing
as tolerated 10 to 14 days following surgery, other authors 
recommend nonweight bearing for 6 weeks.52,281,332,338 Full
weight bearing without the immobilizer is typically permitted
6 to 12 weeks following surgery.

 FOCUS ON EVIDENCE
Individuals who underwent reconstruction of the ATF ligament
with a gracilis autograft using interference screw fixation were
randomly assigned to a typical rehabilitation (TR) group 
(immobilization/restricted weight bearing; n = 15) or an accel-
erated rehabilitation (AR) group (no immobilization/weight
bear to tolerance; n = 18). All patients were followed for 2 years
and outcome measures included stress radiography, self-
reported functional scores (Karlsson and Peterson scoring 
system), and time between surgery and full return to activity.
Two years postoperatively, both groups (TR and AR) demon-
strated significantly improved stability and functional scores
when compared to preoperative measures. There were no be-
tween group differences at 2 years in either of these measures.
All patients were able to return to their previous athletic activity,
with the AR group returning to activity significantly faster than
the IR group (13.4 ± 2.2 weeks vs. 18.5 ± 3.5 weeks, respec-
tively). No differences in performance ability were observed 
between group, and no cases of re-injury were reported in 
either group. The authors concluded that immediate mobility
and weight bearing following reconstruction with interference
screw fixation is safe and preferable.235

Exercise: Maximum Protection Phase
The focus of the first phase of rehabilitation, which lasts from
4 to 6 weeks, is to regain independent mobility for functional
activities while protecting the repaired or reconstructed lateral
ankle structures. Nonweight-bearing ambulation with
crutches is typical following surgery. Some individuals may
elect to use a rolling knee walker, particularly for extended
periods of nonweight bearing. When the individual is seated,
elevation of the operated foot is essential for edema manage-
ment. The ankle may be immobilized, precluding ROM exer-
cise. If ROM is permitted during this period, active ROM
dorsiflexion/plantarflexion and restricted range inversion/
eversion (10°-15° arc of motion) should be initiated.264

Muscle-setting exercises in a neutral ankle position can be 
performed in or out of the immobilizer.235,264

Goals and interventions. Limited evidence guides exercise
prescription during the immediate postoperative phase. The

876 Traumatic Soft Tissue Injuries: Surgical and Postoperative Management
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following exercise-related goals and interventions are appro-
priate during the first postoperative phase.215,235,264,329,372

■  Prevent reflex inhibition of immobilized muscle groups.
■ Submaximal muscle-setting (isometric) exercises in

neutral ankle position, including the fibularis muscles.
■  Prevent stiffness of the operated ankle and foot and loss

of extensibility of surrounding soft tissue.
■ Active ROM in pain-free range for ankle plantarflexion

and dorsiflexion. Active ROM in pain-free, restricted 
arc ROM for inversion and eversion (10°-15° arc of 
motion).264

■ Active ROM of the toes.
■  Maximize independent mobility.

■ Gait and transfer training with appropriate assistive de-
vice. Adherence to weight-bearing restrictions.

■  Maintain strength of nonimmobilized muscle groups.
■ Perform active and resistive exercises of the hip and

knee of the operated lower extremity and resistance
exercises of the upper extremities and non-operative
lower extremity.

■ Perform mini-squats in bilateral stance with appropriate
weight bearing.

Exercise: Moderate and Minimum Protection
Phases
Interventions in the moderate protection phase are initiated
4 to 6 weeks after surgery. At this time, healing structures
are able to sustain controlled and progressive stress. Ankle
ROM typically is limited and may be painful with end-
range overpressure. Lower extremity balance and strength
are impaired.

This phase is characterized by a gradual weaning from
the immobilizer or brace accompanied by restoration 
of full, pain-free ankle joint mobility. Neuromuscular con-
trol, strength, and balance deficits are addressed while min-
imizing risk of re-injury. Gait training restores normal
walking gait.

The minimum protection phase typically begins 8 to 
12 weeks following surgery. The focus of the final rehabilita-
tion phase is to restore full muscle strength and endurance 
of the operated extremity equal to that of the sound side; 
re-establish a normal, pain-free running gait pattern; and pre-
pare for return to desired work-, sport-, or recreation-related
activities. Interventions should emphasize restoring sensori-
motor acuity, reducing functional deficits, improving postural
control, and preventing re-injury.264

CLINICAL TIP
With proper precautions, a return to functional activities,
including sport, may be possible 3 to 4 months postopera-
tively.235,264,372 Fibularis muscle strength, assessed with
handheld dynamometry, should test normal compared to
the contralateral ankle.264 No instability should be noted
with anterior drawer or medial talar tilt tests. The following

functional tests help determine readiness for return to sport
progression:

■  Single-leg hop tests (for horizontal distance; for vertical
distance; triple hop test; figure-of-8 hop test; and 6-meter
timed hop test)192,298

■  Star Excursion Balance test106,126,192

■  Foot and Ankle Ability Measure functional questionnaire38,81

■  Finally, a patient’s perceived readiness for return to sport
should be considered12

Goals and interventions. The following exercise-related
goals and interventions are appropriate during the interme-
diate and final phases of rehabilitation:

■  Restore pain-free ROM of the operated ankle. If strict im-
mobilization was performed during the maximum protec-
tion phase, dorsiflexion will likely be limited to just a few
degrees beyond neutral. To increase ankle ROM:
■ Progress AROM, achieving full ankle ROM by 8 weeks.
■ Initiate active multiplanar movements, such as figure-

of-eight or ankle alphabet active ROM
■ Perform grade II or III joint mobilization techniques to

the tibiotalar and tibiofibular joint if joint restriction
limits dorsi- or plantarflexion.

■ Add self-stretching exercises to improve muscle flexibil-
ity, particularly for the gastrocnemius-soleus complex.
Begin with a towel stretch; progress to standing on a
wedge for an extended duration.

■  Increase strength of ankle and foot musculature in both
lower extremities.

CLINICAL TIP
Functional ankle instability has been shown to be associated
with decreased strength (peak torque) of the ankle evertors
of the involved ankle when compared to the contralateral
ankle in individuals who have not undergone a surgical sta-
bilization procedure.295 In addition, the extent of strength loss
in the ankle musculature has been shown to be associated
with the chronicity of the instability.1 Therefore, after surgical
repair or reconstruction of the lateral ligaments, improving
eversion strength is particularly important for developing dy-
namic stability.

■ Perform progressive resistance exercises of all ankle mus-
cles. Begin in nonweight-bearing and progress to weight-
bearing positions.

■ Unilateral calf raises should initially be performed with
upper extremity support to minimize chance of re-
injury due to balance loss.

■ Emphasize strengthening of the ankle evertors. For dy-
namic strengthening, perform eversion against elastic or
manual resistance in cardinal or diagonal planes.116
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■ Include bilateral hip and knee strengthening in weight-
bearing positions, emphasizing proximal control (see
Chapters 20 and 21).

■ Progress to plyometric training when weight bearing is
pain free, ankle is stable with stress testing, and 25 uni-
lateral heel raises can be performed.264,311 Begin with 
bilateral jumping, progress to unilateral hopping for-
ward, backward, diagonally, and side-to-side. Plyomet-
rics initially should be performed with external ankle
support (bracing or taping).147,281 Refer to Chapter 23
for a full description of plyometric activities.

■  Improve muscular endurance and cardiopulmonary fitness.
■ Begin with pool walking, swimming, stationary bicy-

cling, treadmill walking, or using a cross-country ski 
machine. Progress to deep-water running and outdoor
walking, jogging, or running. Land-based activities
should initially be performed with external ankle sup-
port (bracing or taping).147,281

■   Improve neuromuscular control, balance reactions, dynamic
stability, and agility.
■ Initiate progression of bilateral and unilateral balance

activities beginning on stable surface and introducing
progressive surface instability (refer to Chapters 8 and
23 for examples).

■ Initiate unilateral balance training at about 6 weeks post-
operatively or when full weight bearing on the involved
extremity is tolerated.
■ Progress from firm surface to soft surface (mini-

trampoline or dense foam) to unstable surface (balance
board or BOSU®)

■ Ankle proprioception may also be targeted on specific
destabilization tools (ankle destabilization boot, ankle
destabilization sandal, air bladder) with moderate 
inversion ROM (10°-15°) localized only under the
rearfoot.74,92

■ Progress to activities to improve agility, such as
grapevine walking (carioca), lateral shuffles, use of a
slide board, and pivoting and cutting activities.

■ Refer to Chapter 23 for a sequence of balance and agility
activities.

 FOCUS ON EVIDENCE
For patients with a functionally unstable ankle, proprioceptive/
balance training using rocker or wobble boards has been
shown to be an effective method of improving joint proprio-
ception (joint position sense) and single-leg standing ability
and muscle reaction times during balance activities.73,74,82

Evidence is mixed regarding effect of balance training on pos-
tural sway, although this form of neuromuscular training is
thought to demonstrate short-term effectiveness.63,212,224

In a prospective study by Verhagen et al,362 1,127 male and
female professional volleyball players were randomly assigned
by team to a training group or a control group. Throughout
the 36-week volleyball season, the training groups participated

in a proprioceptive training program consisting of a variety of
balance activities, some on balance boards. The control groups
were not given any training program. Injuries were tracked for
both groups over the course of the season. Among players who
had a history of ankle sprains prior to the beginning of the
study, those who participated in the balance training program
had a significantly lower incidence of acute lateral ankle
sprains during the season than those in the control group.
Among training and control group players who did not have
a history of lateral ankle sprains, there was no significant dif-
ference in the incidence of ankle injury during the season. The
authors concluded that proprioceptive training was effective
in preventing recurrence of lateral ankle injury in adult vol-
leyball players.

Although this and other studies have not involved patients
undergoing rehabilitation after repair or reconstruction of the
lateral ankle ligaments, proprioceptive training programs
such as these may be beneficial for the postoperative patient.

■  Re-establish pain-free, symmetrical weight bearing dur-
ing gait and related activities.
■ Begin gait training in a pool or land-based training on

level surfaces as soon as ambulation in a controlled ankle
motion brace (which allows dorsi- and plantarflexion)
is permitted.

■ Emphasize symmetrical weight bearing during sit-to-
stand movements and eventually ascending and de-
scending stairs

■ Progress to ambulation and functional activities without
the brace.

■  Safely return to functional activities and prevent re-
injury. The late rehabilitation phase typically occurs 
between 8 to 12 weeks postoperatively. Patients should
demonstrate normal gait over level and uneven ground,
and with ascending/descending stairs. Ankle strength
should be ≥ 90% of the contralateral side.342 Functional
hop test performance (figure-of-eight, side-to-side)
should demonstrate appropriate weight-bearing neuro-
muscular control and performance ≥ 90% compared to
the contralateral side.141,270 Precautions to reduce the risk
of re-injury when returning to sports or high-demand 
activities after repair or reconstruction of lateral ankle 
ligaments are summarized in Box 22.4.

Outcomes
An optimal postoperative outcome after lateral ankle repair
or reconstruction is an ankle that has full mobility but 
remains stable and pain free during functional activities. 
Systematic reviews demonstrate that both repair and recon-
struction procedures can predictably restore stability and 
return individuals to sport.63,160,268 Published trials can be di-
vided into those that treated individuals with acute lateral
ankle sprain, and those that treated individuals with chronic
ankle instability (characterized by recurrent ankle sprains and
a feeling of “giving way”).

878 Traumatic Soft Tissue Injuries: Surgical and Postoperative Management
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BOX 22.4 Activity-Related Precautions to
Reduce the Risk of Re-injury After
Lateral Ligament Reconstruction 
of the Ankle

■ Modify activities, if possible, by participating in low-impact
sports, such as swimming, cycling, low-impact aerobics, or
cross country skiing.

■ Minimize or avoid participation in activities that involve
high-impact (basketball, volleyball), rapid stopping and
starting and changes of direction (tennis, soccer), or
traversing uneven surfaces.

■ If involved in activities associated with high risk of ankle
injury:
■ Participate in a preseason injury prevention program that

includes progressive proprioceptive and plyometric
training and continue the program throughout a sport
season.82,362

■ Wear a prescribed orthotic device, such as a functional
stirrup brace or orthosis, to provide medial-lateral stability
of the ankle.68,147,159,221,222,326 Ankle taping has been
shown to have prophylactic benefit in individuals with
history of ankle sprain; however, both higher cost and
higher incidence of integumentary problems favors the
use of brace.186,234,253

Surgical management of acute lateral ankle sprain.
Kerkoffs et al,160 in a Cochrane Review, compared surgical to
conservative management of acute lateral ankle sprain. No
difference in return to previous level of sport participation
was found, but surgical intervention resulted in a significant
decrease in the number of individuals with recurrent ankle
sprains compared to the conservative treatment group. A re-
cent review had similar findings, noting that surgical inter-
vention results in improved objective stability and decreased
recurrence rates.268 It is important to note that many of the
studies included in these reviews are more than 20 years old
and that only one of the included studies was published in
the last 10 years. A recent randomized controlled trial of male
military conscripts compared long-term outcomes for indi-
viduals with acute lateral ankle sprain treated with either 
direct repair (n = 25) or functional treatment (n = 26).271

Functional treatment included immediate weight bearing to
tolerance in a semi-rigid ankle orthotic for 3 weeks and ther-
apeutic exercise guided by a physiotherapist. Individuals in
the surgical group followed a similar postoperative weight-
bearing, bracing, and exercise regimen. All patients in both
groups recovered their preinjury activity level and completed
military service. Fifteen (60%) of the surgical group and 18
(69%) of the functional treatment group returned for long-
term follow-up (mean duration 14 years). Prevalence of re-
injury was 1 out of 15 in the repair group and 7 out of 18 in
the functional treatment group. Stress radiographs showed
no difference between groups for anterior drawer or medial

talar tilt. Evidence of osteoarthritis on MRI was observed in
4 out of 15 individuals in the repair group and 1 out of 18 in
the functional treatment group. The authors concluded that
both methods of management are appropriate for return to
preinjury activity level and that although surgical repair de-
creases risk of subsequent ankle sprain, there may be an in-
creased risk of subsequent osteoarthritis. There is insufficient
evidence from high quality randomized controlled trials to
strongly recommend surgical management of acute lateral
ankle sprains.160,268,271

Surgical management of chronic ankle instability. Rela-
tively few studies compare surgical to conservative manage-
ment for chronic ankle instability. A recent review by de Vries
et al63 included four studies using several different surgical
procedures including direct repair and reconstruction. All
studies were judged at high risk for bias, generally related to
blinding and selective reporting. The authors concluded that
there was insufficient evidence to support any one surgical
technique over others for chronic ankle instability. Individual
should fail conservative management, specifically neuromus-
cular training, prior to surgical stabilization. Following 
surgery, postoperative management should include early 
mobility and weight bearing vs. 6 weeks of nonweight-bearing
immobilization.

Direct repair vs. allograft reconstruction. Both direct re-
pair and allograft reconstruction result in predictable stability
and good to excellent patient satisfaction.89,110,187,215,216,337

Although not an optimal result, a slight loss of ankle motion
(5°-10° of inversion) occurs most often after surgical recon-
struction procedures.135,338 Krips et al177 evaluated two groups
of athletes (n = 77) who had undergone either direct repair
(DR) or an allograft reconstruction (AR) procedure for
chronic lateral ankle instability 2 to 10 years (mean 5.4 years)
earlier. There were no between group differences in preoper-
ative age, activity level, or gender. All DR and AR participants
had failed 6 months of conservative management. The AR
group had significantly more patients with decreased ankle
dorsiflexion than DR group (15/36 vs. 3/41). Patients did not
have limited plantarflexion, eversion, or inversion in either
group. Individuals in the DR group reported functional abil-
ities as “excellent” or “good” at a significantly higher rate than
those in the AR group (88% DR vs. 58% AR). AR group par-
ticipants reported lower activity level, lower push-off power
on the operated extremity during running, and lesser per-
ceived ankle stability than those in the DR group. The authors
concluded that direct repair was a better choice than tenodesis
for primary repair of chronic ankle instability in an athletic
population.

This difference in outcomes is becoming less of a concern
with improved anatomic reconstruction techniques.137,301,336,338

Improved allograft anatomical reconstruction surgical tech-
niques, which more closely restores ankle kinematics, do not
appear to be associated with restricted postoperative ROM or
increased incidence of arthritis.272 A nonrandomized cohort
study compared outcomes in individuals after lateral ankle 
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Achilles rupture include diabetes, cigarette smoking, preinjury
use of quinolone antibiotics, and preinjury steroid injections
in the tendon or paratendon.127,275

The tendon most frequently ruptures 3 to 4 cm proximal
to the calcaneal insertion.352 At the time of injury, a complete
rupture leads to pain, swelling, a palpable defect, and signifi-
cant weakness in plantarflexion. On clinical examination, the
concordant presence of the following three findings are highly
suggestive of a complete Achilles rupture:100

■  Abnormal Thompson Squeeze Test (squeezing the calf
muscle while the patient is prone to elicit ankle plantar 
flexion)

■  Decreased ankle resting compared with the contralateral
side (normal resting tension is approximately 20°-30°
plantarflexion)

■  Palpable defect in the Achilles tendon

An acute rupture of the Achilles tendon can be managed
nonoperatively or surgically. Both options have advantages
and disadvantages. With surgical repair followed by rehabili-
tation there is a lower risk of re-rupture of the tendon than
with conservative management.23,148,162,163,375 However, there
is also a risk of postoperative wound closure problems, infec-
tion, and nerve injury (typically sural) that is not present with
nonoperative management. With either management strategy,
there is a relatively long recovery period and persistent weak-
ness compared to the contralateral limb. There is general agree-
ment that surgical intervention is preferable for younger, active
individuals and athletes who desire to return to sport64,193,200,323

and that conservative management is preferable for the older,
relatively sedentary individual.42,87,163,378 However, recent 
studies employing early functional mobilization rehabilitation
protocols have demonstrated similar outcomes for operative
and conservative management.249,258,377,382 Presently, there is
insufficient evidence to clearly support conservative versus sur-
gical management. Re-rupture rates are relatively low following
either strategy as long as early mobilization is utilized.377,382

Both patient and surgeon must weigh the advantages and dis-
advantages of surgery and nonoperative treatment and arrive
at an individualized treatment strategy.

 FOCUS ON EVIDENCE
In the last decade, nonoperative management has evolved
from 6 to 8 weeks of immobilization and restricted weight
bearing to a more accelerated and functional rehabilitation
approach.80,229,249,377 Controlled and progressive loading of
the tendon during the proliferative inflammatory phase (days
to weeks following injury) has been shown to be beneficial to
recovery.95 Olsson et al258 randomly assigned 100 individuals
with acute Achilles tendon rupture into either a surgical repair
group (surgery; n = 49) or conservative management group
(nonsurgical; n = 51). Both groups completed an accelerated
rehabilitation protocol that included immediate weight 
bearing to tolerance in a walker boot with three heel wedges
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repair (n = 61) or anatomic reconstruction (n = 25). At a min-
imum of 2-year follow-up, there were no significant differences
in satisfaction, function (Foot and Ankle Disability Index), or
activity levels (Tegner Activity Scale). ROM was not assessed.215

A recent review concluded there was insufficient high
quality evidence to strongly support any specific surgical pro-
cedure for treating ankle instability.63 Although direct repair
is currently considered the preferred procedure for primary
ankle stabilization, further research comparing allograft 
reconstruction techniques to direct repair are needed to draw
a firm conclusion.109,135,177,187,215,216 Regardless of procedure,
it is unlikely that rearfoot motion mechanics are completely
restored by either procedure.272

Participation in sporting activities. Most individuals return
to previous level of sport following lateral ankle stabilization
surgery.109,199,215 A consecutive series of 42 professional athletes
with acute grade III lateral ankle ligament injury were treated
with direct repair stabilization (Broström procedure). All ath-
letes returned to training at a median of 63 days and to full sport
participation at a median of 77 days. Forty patients reported
being very satisfied and two partly satisfied. There were no seri-
ous complications related to the surgery.372 Long-term sport
participation demonstrates increased attrition. Maffulli et al198

reported sport participation rates of 38 individuals 9 years
(range 5 to 13 years) after Broström repair for management of
chronic lateral ankle instability. Twenty-two (58%) individuals
practiced sport at preinjury levels; 6 (16%) individuals were still
active but in less demanding sports (cycling and tennis); and 10
(26%) were no longer active in sport. Of the 10 patients who
had abandoned sport, 6 had experienced a subsequent trau-
matic inversion injury on the repaired ankle and did not feel
sport participation was a viable option. Comparing baseline to
follow-up plain film radiographs, degenerative changes were
found in 15 patients (39%); degenerative changes did not cor-
relate with return to sport activity. Overall, 76% of individuals
reported good to excellent outcomes; 68% of individuals did
not experience a subsequent ankle inversion injury; and 74% of
individuals continued sport participation.

Repair of a Ruptured Achilles Tendon
Acute rupture of the Achilles tendon is a common soft tissue
injury, occurring in the fourth to sixth decade of life for indi-
viduals who participate in exercise or athletic activities, with
males affected about three times more than females.99,163,275

The rupture usually is associated with a forceful contraction
of the gastrocnemius-soleus muscles (triceps surae) during
sudden acceleration or abrupt deceleration, such as jumping
or landing.16,35 Degenerative and mechanical factors appear
to increase the risk of acute rupture.35 The combination of a
relatively hypovascular tendon, increased stiffness with aging,
and repetitive microtrauma is thought to result in an inade-
quate reparative response and attrition of viable tissue. A 
concentric or eccentric mechanical overload completes the
rupture.16,41,275,352 Other factors thought to contribute to
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holding the foot in an equinus (roughly 20° plantarflexion)
position. Over the course of 8 weeks, heel wedges were 
sequentially removed, allowing progressively increased 
dorsiflexion to neutral. Both groups were weaned from the boot
and into shoes with heel lifts (surgical group at 6 weeks, non-
surgical group at 8 weeks) and then weaned from heel lifts (sur-
gical group at 10 weeks, nonsurgical group at 14 weeks). During
the first 8 weeks, both groups completed exercise, but the non-
surgical group was limited to toe flexion/extension active ROM.
The surgical group completed progressive, range-limited active
ROM and light resistance gastrocnemius/soleus exercises. After
the initial protective phase, both groups completed a standard-
ized rehabilitation program that included therapeutic and
functional exercises; the surgical group exercise progression was
progressed more quickly than the nonsurgical group. There
were no between-group significant differences in self-reported
symptoms, physical activity level, or quality of life. Both groups
returned to preinjury physical activity level at 12 months. At 
12 months, the surgical group showed significantly better 
performance on hop tests. Although not statistically significant,
five patients in the nonsurgical group sustained a re-rupture,
whereas no re-ruptures occurred in the surgical group. The 
authors concluded that although stable surgical repair with 
accelerated tendon loading could be performed without major
soft tissue complications, the treatment was not superior to
nonsurgical management in terms of functional results, phys-
ical activity, or quality of life.

Indications for Surgery
The following are frequently cited indications for surgical 
repair or reconstruction of an acute or chronic rupture of the
Achilles tendon:

■  Acute, complete rupture of the Achilles tendon16,42,352

■  The individual wishes to return to high-demand functional
activities10,16,42,258,382

■  Chronic, previously undiagnosed or untreated complete
rupture in which end-to-end apposition cannot be achieved
by conservative means239,369

Procedures

Primary Versus Delayed Repair
A considerable number of surgical procedures and tech-
niques have been described for repair or reconstruction of
a ruptured Achilles tendon.16,24,55,249,258,369,377 An open,
minimally invasive, or percutaneous surgical approach can
be used for a primary repair.16,42,191,352 Although minimally
invasive techniques have been described,199,201,196 an open
approach typically is used for a delayed repair requiring 
reconstruction of the neglected Achilles tendon rupture 
(>1 month postrupture).4,269,369

Primary repair of an acute rupture generally is performed
within the first few days after the injury. It is usually accom-
plished with a direct, end-to-end repair in which the ends of
the torn tendon are re-opposed and sutured together.16,352

The repair can be augmented with autograft or allograft, 
and this is more commonly performed with delayed 
repair.16,199,269,352 Structures that may serve as a donor graft
are the flexor hallucis longus, plantaris, fibularis brevis, semi-
tendinosis, or a flap of fascia from the gastrocnemius.199,269,352

Operative Overview
Primary repair. In an open primary repair, an approxi-
mately 10-cm posterior incision is made at the distal leg me-
dial to the Achilles tendon. A postero-medial incision avoids
damage to the sural nerve. The tendon ends are identified, de-
brided, and sutured in re-opposition.16,352 Core tendon su-
tures can be supplemented with epitendinous sutures to
reinforce the repair.258 Augmentation for primary repair is
sometimes utilized, with inconclusive evidence.42,352 With a
percutaneous repair, the tendon ends are located and sutured
together through several small puncture wounds that are
made along the medial and lateral aspects of the Achilles 
tendon or through several small transverse incisions made 
directly over the tendon.16,115,200,201,352 Mini-open repair uses
a less lengthy skin incision than an open approach (approxi-
mately 5 cm). The tendon end is identified, sutured, and 
anchored to a bony drill hole for the repair.24,228 In each of
these approaches, the tendon is repaired while the ankle is
maintained in a slightly plantarflexed or neutral position.

Delayed repair/reconstruction. With a tendon autograft re-
construction, a second incision is made to harvest the graft.
For example, a fibularis brevis autograft requires release
through a 2-cm incision at the base of the fifth metatarsal.
The autograft is passed through, tensioned, and sutured to
the opposed Achilles tendon stumps.202

Before closure, the ankle is moved into passive dorsiflexion
to assess the integrity of the repair or reconstruction. After
closure, a compression dressing and below knee posterior 
orthosis are applied with the ankle positioned in approxi-
mately 20° of equinus.16 If immediate or very early weight
bearing is to be allowed by the surgeon, a walking boot with
heel wedges (approximately 20°) is applied.258

NOTE: An above-knee cast is applied (and later replaced with
a below-knee cast) if the quality of the repair is tenuous.16

Complications
Complications associated with surgical repair or recon-
struction of a ruptured Achilles tendon are summarized in
Box 22.5.9,16,148,163,228,238,249,258,319,378,382 Reports of compli-
cations typically separate re-rupture from other complica-
tions. Postoperative re-rupture is relatively uncommon with
an incidence rate of approximately 3% to 5%.16,152 Infection,
adhesions, and sural nerve sensory disturbance are the most
commonly reported complications.152 A recent meta-analysis
revealed a risk ratio of 3.9 in favor of nonoperative treatment
for complications other than re-rupture; this translates to one
additional complication (other than re-rupture) expected for
every seven patients treated surgically.319 The risk of compli-
cations associated with operative management decreases with
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minimally invasive and percutaneous procedures when com-
pared with an open approach for repair.163,228,238

Postoperative Management
Guidelines for postoperative rehabilitation after a primary open
repair of an acute Achilles tendon rupture vary considerably 
in the literature and clinical practice. Historically, the surgery
was followed by approximately 6 weeks of immobilization and
nonweight bearing to avoid stress on the repair site. However,
studies have demonstrated that the tendon benefits from 
early loading and motion during the healing process.15,155,169

Translating basic science research into clinical practice, recent
research has employed early weight bearing and mobilization
following Achilles tendon repair.184,203,204,249,258,377 Individuals
with Achilles tendon repair following early weight bearing 
and mobilization protocols have demonstrated improved 
outcomes, including earlier return to walking, work, and 
pre-injury activity level; higher patient satisfaction; and no 
increased rate of re-rupture.33,139,359 This has led to an AAOS
CPG recommendation of no more than 2 weeks of protected
weight bearing (strength of recommendation: moderate) 
and the use of a protective device that allows mobilization by 
2 to 4 weeks postoperatively (strength of recommendation:
moderate).42

NOTE: In the context of postoperative Achilles tendon repair
literature, “early mobilization” implies that the patient is
becoming more mobile; mobilization or loading of the tendon
is controlled with slow, progressive ankle ROM. Early end-range
ankle dorsiflexion is avoided during the protected phase of
rehabilitation. Box 22.6 provides guidelines for early treatment
following Achilles tendon repair.

Guidelines for management after percutaneous repair vary
as well and are often quite similar to postoperative guidelines

following open repair or reconstruction. Early weight bearing
and mobilization following percutaneous repair have
demonstrated positive outcomes similar to open repair.8,61

Therefore, specific guidelines for percutaneous repair are not
addressed in the following sections but can be found in other
resources.8,55,61,115,200

Immobilization and Weight-Bearing Considerations
Immobilization with restricted weight-bearing approach.
This approach may be utilized for a tenuous repair or
repair/reconstruction of a failed primary repair.367 The ankle
is immobilized in approximately 20° of plantarflexion for 
approximately 6 weeks. The patient remains nonweight bear-
ing during all or most of this time.16,230,367 Following the 
period of strict immobilization, a CAM orthosis is applied,
generally allowing plantarflexion, but limiting dorsiflexion to
0°. Although this approach is safe and associated with a low
risk of re-rupture, it has been shown in some studies to lead
to deficits in ankle strength (gastrocnemius/soleus) and ROM
(dorsiflexion).33,139,230,352,359
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BOX 22.5 Complications Following Primary
Repair of a Ruptured Achilles
Tendon

■ Tendon re-rupture or failure of the tendon to heal
(palpable gap)

■ Wound complications: infection, delayed healing of the
incision

■ Sural nerve injury leading to altered sensitivity of the lateral
border of the foot

■ Adherent or hypertrophic scarring
■ Deep vein thrombosis or pulmonary embolism
■ Restricted ankle ROM as the result of joint hypomobility or

soft tissue adhesions or contractures, leading to impaired
function, such as difficulty ascending or descending stairs
due to limited dorsiflexion

■ Strength and muscular endurance deficits, typically of the
plantarflexors

■ Pain at the site of a suture knot
■ Complex regional pain syndrome (rare)

BOX 22.6 Features of Early Weight-Bearing
and Remobilization Programs 
After Repair of Acute Achilles
Tendon Rupture*

Weight-Bearing Guidelines
■ Initiated as tolerated while using crutches immediately

after surgery156,203 or after 1 or 2 weeks229,237,279,330,377 in a
below-knee orthosis with the ankle immobilized most often
in plantarflexion or possibly neutral

■ Progress gradually to full weight-bearing status between 
3 to 6 weeks postoperatively156,279,330,377

■ Orthosis worn during all weight-bearing activities for 6 to 
8 weeks after surgery279,330

■ Full weight bearing without the functional orthosis but
wearing regular shoes with bilateral heel lifts when orthosis
discontinued beginning at about 6 to 8 weeks
postoperatively156,326,330

ROM Exercises
■ Immediately58,79,81,126 or by 1 to 2 weeks237,279,326,330,377

after surgery, active plantarflexion and dorsiflexion of the
operated ankle initiated while wearing a functional brace 
or orthosis to prevent dorsiflexion beyond 15° to 20° of
equinus or to no more than a neutral position

■ During the first 4 to 6 weeks and with the orthosis
removed, ankle inversion and eversion while maintaining
the ankle in plantarflexion377

■ By 6 to 8 weeks, dorsiflexion to 10° beyond neutral
permitted in the orthosis and inversion/eversion out 
of the orthosis156,237

* During the first 6 postoperative weeks, all ankle ROM exercises
are performed while seated or supine. Beyond 6 to 8 weeks
postoperatively, guidelines are similar for early remobilization
and conventional (traditional) programs.
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Early remobilization and weight-bearing approach. After
primary direct repair of the Achilles tendon, early motion and
weight bearing are now recommended because of advances
in surgical procedures and a better understanding of the 
benefits of early loading and motion during the tendon 
healing process.42,229,249,330,377 Postoperatively, the ankle is im-
mobilized in equinus for a short period (less than 2 weeks) to
minimize wound complications. Individuals are encouraged
to use crutches and bear weight to tolerance in a protective
boot or walking cast that maintains the ankle in approxi-
mately 20° of plantarflexion.42,258,352,377 If a boot is used, it is
typically a hinged CAM orthosis that can be locked in various
positions to limit end range dorsiflexion.42,279

After the initial period of immobilization (1 to 2 weeks), the
CAM brace is opened to allow movement in a protected range,
generally limiting dorsiflexion beyond neutral.237,249,258,377 As
an alternative, a rigid dorsal orthosis that allows plantarflexion
but limits dorsiflexion to 0° may be used.155,203 During the first
6 weeks of rehabilitation, the protective orthosis is worn during
ambulation with progressive weight bearing and at all other
times (including sleep) except when removed for wound care
or for therapeutic exercises.

When the patient is able to ambulate on level surfaces with-
out pain while fully weight bearing on the operated extremity,
the protective boot or orthosis is gradually discontinued (usu-
ally 6 to 8 weeks postoperatively).249,258 After discontinuing the
functional brace or orthosis, a 1- or 1.5-cm bilateral heel lift 
is used initially to prevent tendon lengthening and to reduce
tendon strain during functional activities.249,258

Although published guidelines for initiating and progressing
weight bearing and allowing ankle mobility have differed from
study to study, it has become apparent that allowing individuals
to bear weight in a range-limiting orthosis during the initial
protective phase leads to higher patient satisfaction, earlier 
return to functional activities, and no difference in re-rupture
rates.33,139 Common to all protocols is the use of safe levels of
applied stress while protecting the healing tendon. Close com-
munication among the surgeon, therapist, and patient is essen-
tial for success. Table 22.5 summarizes immobilization and
weight-bearing guidelines associated with postoperative
Achilles tendon repair management.33,42,139,258,377

Active plantarflexion and dorsiflexion of the operated lower
extremity in the CAM orthosis can be initiated immediately155,203

or by 1 to 2 weeks postoperatively.201,237,249,258,330,377 The CAM

TABLE 22.5 Conventional Postoperative Management After Achilles Tendon Repair or Reconstruction 
With Graft*

Postoperative Time Period Type and Position of Ankle Immobilization** Weight-Bearing Guidelines

From 0–2 weeks

From 2 to 4 weeks

From 4 to 6 weeks

From 6 to 8 weeks

Beyond 8 weeks

*All time periods are approximately 2 weeks longer after reconstruction with tendon graft.
** Immobilizer may be worn during ambulation for a longer period of time if wound healing is delayed or the quality of the repair is tenuous.

■ Compression dressing and posterior
orthosis, OR

■ Walking boot set at 20° equinus, OR
■ CAM orthosis that allows free plantarflexion

but restricts dorsiflexion to -20°

■ CAM orthosis that allows free plantarflexion
but restricts dorsiflexion to -20°

■ CAM orthosis that allows free plantarflexion
but restricts dorsiflexion to -10° (week 4) and
0° (week 5)

■ CAM orthosis that allows free plantarflexion
but restricts dorsiflexion to 10° (week 6)

■ Wean from CAM orthosis to shoes with 1- to
1.5-cm bilateral heel lift (week 7)

■ Wean from heel lifts by 10 weeks 

■ Partial weight bearing with bilateral
axillary crutches

■ Weight bearing as tolerated in walking
boot or CAM orthosis; crutches as
needed

■ Full weight bearing in walking boot or
brace, wean from crutches 

■ Full weight bearing in functional brace
or shoe with heel lift

■ Full weight bearing in regular shoe
without lifts by 10 weeks
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orthosis initially should restrict dorsiflexion beyond 20° of
equinus. Active ROM dorsiflexion is allowed to increase as the
CAM orthosis allows more motion. During the first 2 to 
4 weeks, and with the orthosis removed, ankle inversion and
eversion are initiated with the ankle in plantarflexion. 258,377

Initially, all ROM is completed actively while seated or supine.
After 6 weeks postoperatively, bilateral standing exercises are
introduced to improve active and passive ROM.249,258,377

 FOCUS ON EVIDENCE
Until the late 1980s, 6 weeks of cast immobilization was standard
postoperative management following Achilles tendon repair. As
stated above, subsequent research has demonstrated the positive
effects of early functional rehabilitation.155,203,229,249,258,330,377,382

However, early functional rehabilitation regimens primarily
involved either early weight bearing49,50,330 or early ankle mo-
tion exercises,155,156 but not necessarily both in combination.
High quality, randomized controlled trials have combined
these approaches.8,107,161,203,204 Huang et al139 recently com-
pleted a systematic review with meta-analysis that compared
the following approaches:

■  Comparison 1 (Early WBing + ROM): Early weight 
bearing with an ankle motion exercise regimen versus
immobilization

■  Comparison 2 (Early ROM only): Isolated early ankle 
motion exercises without early weight bearing versus 
immobilization

For the Early WBing + ROM vs. immobilization compar-
ison, a total of 279 individuals were included.203,204,50,49,161

The average time to weight bearing allowance was 4.1 days.
Individuals who completed early weight-bearing and ROM
exercises performed significantly better on 11 of 15 outcome
measures when compared to individuals who received cast
immobilization. Significantly better outcomes included:

■  Higher satisfaction rate (93.6% vs. 77.5%)
■  Time to return to sport
■  Number of individuals returning to sport
■  Normal ankle ROM
■  Decreased tendon elongation
■  Higher percentage of heel raise ability

There was no difference in the rates of re-rupture or major
complications when comparing the two groups; but the 
rigid cast immobilization group had a higher rate of minor
complications.

For the Early ROM vs. immobilization comparison, 
171 individuals were included.155,156 The average time to
weight bearing allowance was 3.3 weeks. When compared to
the immobilization group, individuals who completed early
ROM had significantly superior outcomes in time to return
to sport and decreased tendon elongation. No difference was
observed between the 2 groups for rates of re-rupture, major,
or minor complications.

Based on these results, the authors concluded that proto-
cols employing early weight-bearing and early ROM exercise
achieve superior results when compared to cast immobiliza-
tion or early ankle ROM exercise with delayed weight 
bearing. Relatively few advantages are demonstrated when
comparing early ROM exercise without weight bearing to
rigid immobilization.

Two published case series have described outcomes follow-
ing early weight bearing and ROM without postoperative
bracing.75,380 One day following endoscopic Achilles tendon
repair, Doral permitted 28 males to bear weight as tolerated
with axillary crutches and no brace/orthosis/cast. At an aver-
age of 28 months after surgery, individuals demonstrated no
between ankle difference in plantarflexion strength, ankle
ROM, or hop test performance. No re-ruptures were reported
and all patients returned to same pre-injury sports and/or
ADL level. Yotsumoto et al380 investigated the effectiveness of
a new Achilles tendon repair technique for allowing early 
mobilization without a postoperative immobilization orthosis
in 20 patients (14 male, 6 female). Following surgery, individ-
uals completed active and passive ankle ROM exercise. Partial
weight bearing was initiated at 1 week after confirmation 
of 0° dorsiflexion, and full weight-bearing ambulation was 
allowed at 4 weeks. Heel lifts were used in individuals with
strong tension of the gastrocnemius/soleus. The authors 
reported the following average times to achieve outcomes:

■  Symmetrical ROM: 3.2 ± 0.7 weeks
■  Normal walking without pain or fear: 4.5 ± 0.7 weeks
■  20 continuous single-leg heel raises of the operative foot:

9.9 ± 1.7 weeks.
■  Resumption of sport activity: 15.4 weeks
■  Resumption of labor: 12 weeks

No postoperative complications were found, and subjects
achieved an average Achilles Tendon Rupture Score of 98.3 ±
2.4 at 24 weeks following surgery. Both studies concluded that
early mobilization without immobilization is an option in 
select patients following Achilles tendon repair.

Exercise Progression
Although timing and progression of exercise may differ 
depending on the surgery (primary direct repair or recon-
struction of a neglected rupture), the types of exercise 
included in a postoperative rehabilitation program are simi-
lar. In the phases of rehabilitation that follow, a progression
of exercises is presented that is designed to help an individual
achieve treatment goals that allow return to pre-injury func-
tion. The time frame for the initiation of weight bearing on
the operated extremity, initiation of ankle ROM (particularly
dorsiflexion), and resumption of pre-injury work-related and
sports activities should be determined through consultation
with the surgeon.

Exercise: Maximum Protection Phase
Achilles tendon repair frequently is performed on an outpa-
tient basis. Therefore, patient education is essential before
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surgery or prior to discharge. It focuses on wound care (if
the immobilizer is removable), controlling peripheral edema
by elevating the operated leg, gait training with appropriate
assistive device, and a home exercise program.

Goals and interventions. The following treatment goals are
appropriate during the first 2 to 6 weeks after surgery.

■  Re-establish independent ambulation and functional 
mobility. Instruct in gait and transfer training in protective
orthosis with assistive devices, emphasizing weight-bearing
restrictions.

■  Maintain ROM of nonimmobilized joints. In a seated,
supine or prone position, perform active ROM of the hip,
knee, and toes of the operated side while wearing the 
immobilizer.

■  Prevent reflex inhibition of immobilized muscle groups.
Begin submaximal, pain-free muscle-setting exercises of
the ankle in the immobilizer within the first few days after
surgery. Start with setting exercises of the dorsiflexors, 
invertors, and evertors. Submaximal gastrocnemius/soleus
muscle setting is typically initiated after 2 weeks, although
a recent study included this exercise immediately postop-
eratively.258 With a stable repair, it is possible to initiate
nonweight-bearing isotonic strengthening against low
loads (light grade elastic resistance) for the dorsiflexors, 
invertors, evertors, and plantarflexors after 2 weeks.258

■  Prevent joint stiffness and soft tissue adhesions in the 
operated ankle and foot. Initiate ROM exercises in protected
ranges. Active dorsiflexion should not exceed 0° for the first
4 weeks;33 active ROM dorsiflexion can be completed in the
CAM orthosis to prevent overstretching the repaired tendon.
Active inversion and eversion should be performed in a plan-
tarflexed position. Active ROM plantarflexion can be com-
pleted without restriction.

■  Begin to restore balance reactions in standing. Perform
weight-shifting activities in bilateral stance while wearing
the protective orthosis. Use the parallel bars or another 
stable surface for upper extremity support as needed.

■  Maintain cardiopulmonary fitness. Use an upper extrem-
ity ergometer for endurance training if available. After 
2 weeks, initiate exercise bike in protective orthosis with
minimal resistance.

Exercise: Moderate Protection Phase
At the end of the maximum protection phase (typically 4 to 
6 weeks after surgery), the patient is advanced to full weight
bearing in a CAM orthosis or walking boot that is progressed
to 0° dorsiflexion. Weaning from the orthosis and into a shoe
with heel lifts begins 6 to 8 weeks postoperatively.33,184,203,258,377

As the patient is weaned from the orthosis, it may be necessary
to resume using a cane or crutch for a period of time to 
normalize gait mechanics.

During the moderate protection phase of rehabilitation,
which begins at 4 to 6 weeks and extends to 12 weeks post-
operatively, the stress placed on the operated tendon is grad-
ually increased. Patients continue supervised as well as
independent exercise. Initially, exercise may be completed

in the protective orthosis; as the patient weans from the 
orthosis, exercises are completed without the device. Pre-
cautions for progressing exercises and functional activities
are noted in Box 22.7.33,139,258,330,377

Goals and interventions. The following goals and exer-
cises are implemented during the intermediate phase of 
rehabilitation:

■  Increase ROM of the operated ankle with joint mobiliza-
tion and stretching techniques.
■ Grade III joint mobilization techniques if ankle or foot

joints are restricted.
■ Gentle self-stretching exercises, such as a towel stretch in

a sitting position, to increase ankle dorsiflexion with the
knee slightly flexed. Progress to stretch with knee fully
extended.

■ Gentle manual self-stretching to regain full inversion/
eversion and dorsiflexion/plantarflexion and toe extension.

■ Active ankle ROM with patient seated and foot on a
wobble or rocker board.

■ Self-stretching to increase dorsiflexion by standing on a
wedge in bilateral stance with knees slightly flexed.
Progress to stretch with knees fully extended. Initiate
unilateral standing stretches of plantarflexors at the end
of this phase of rehabilitation (approximately 12 weeks
after surgery).

■  Improve strength and muscular endurance of the oper-
ated lower extremity. Initiate or progress low-load, high
repetition resistance exercises at 6 to 8 weeks. Begin with
open-chain exercises, and progress to seated then stand-
ing closed-chain exercises. Emphasize controlled, eccen-
tric loading of the plantarflexors. Perform closed-chain
exercises without the orthosis as its use is gradually dis-
continued. Examples of resistance exercises include:
■ Open-chain resistance exercises for the hip, knee, and ankle

musculature against a light grade of elastic resistance.
■ Closed chain exercises such as unilateral heel raising and

lowering while seated; add light resistance as tolerated,
typically by 8 weeks.

■ Standing bilateral heel raising/lowering with body weight
resistance. Postpone unilateral heel raising/lowering until
10 to 12 weeks after surgery.258,330

■ Partial lunges with involved leg forward, bilateral mini-
squats, and toe raises.

■ As strength progresses, add external resistance (handheld
weights, weight belt, or weighted backpack) to supple-
ment body weight with standing exercises.

CLINICAL TIP
A resistance training program should focus on improving 
muscular endurance as well as strength. Substantial deficits in
muscular endurance of the gastrocnemius-soleus muscles of
the operated leg compared with the contralateral limb (as 
determined by number of unilateral heel raises performed in
standing) have been shown to persist for at least a year after
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surgical repair of Achilles tendon ruptures.29 The gastrocnemius-
soleus complex also has been shown to produce significantly less
work, calculated using force times distance with the heel-rise
work test, than the contralateral limb at 1 year following 
repair.311

■  Improve balance reactions. While wearing the functional
orthosis, initiate or progress proprioceptive/balance
training in bilateral stance on a firm surface. Progress to
pliant surfaces (foam, air bladder, or mini-trampoline)
and narrow the base of support (tandem stance, unilat-
eral stance).
■ While continuing to wear the orthosis, progress to 

balance training in unilateral stance when full weight
bearing is tolerated on the operated limb.

■ Transition to a sequence of more advanced balance ex-
ercises in supportive shoes (usually with a heel lift) after
use of the functional brace has been discontinued.

■  Re-establish a symmetrical gait pattern. When full weight
bearing is comfortable and as the patient is weaned from

the orthosis, progress gait training. Emphasize symmetrical
alignment and weight shifting as well as equal step lengths
and timing, paying particular attention to push-off on the
operated side.

■  Improve cardiopulmonary endurance. Begin or progress
level-surface treadmill walking or stationary cycling (recum-
bent or upright) while wearing the functional brace or a reg-
ular shoe with a heel lift. If necessary, raise the seat height of
the upright bicycle to accommodate for limited dorsiflexion.
Progress to treadmill walking on an incline.

Exercise: Minimum Protection/Return 
to Function Phase
The final phase of rehabilitation, which begins around 12 to
16 weeks postoperatively, is directed toward returning a 
patient to a preinjury level of function for expected work-
related demands and desired recreational/athletic activities.
Stretching exercises continue if full ROM has not been
achieved. During this phase, interventions should emphasize
transition to independent maintenance.

Strength and muscular endurance training continues, 
emphasizing eccentric loading of the gastrocnemius-soleus
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BOX 22.7 Precautions and Guidelines for Exercise and Functional Activities Following Achilles
Tendon Repair*

General Precautions
■ Progress all exercises very cautiously that place resistance or

a stretch on the gastrocnemius-soleus muscle group
intentionally, following postoperative guidelines.

■ Postpone all unilateral weight-bearing exercises on the
operated side until full weight bearing without pain is possible.

Stretching to Increase Ankle Dorsiflexion
■ Initiate active ROM dorsiflexion within the protected range 

by week 3 following surgery.33,258,377

■ Begin stretching program in nonweight-bearing exercises
(such as a towel stretch with slight knee flexion).

■ Limit dorsiflexion to no more than 10° beyond neutral until 
8 weeks after surgery. Progress to full ankle dorsiflexion
(bilateral symmetry) by 12 weeks.

■ Initiate weight-bearing stretches in sitting with feet on the
floor, a low incline wedge (<10°), or a rocker board.

■ Begin standing stretches in bilateral stance with knees bent
only if pain free. This can be accomplished with a modified
runner’s wall stretch or a low incline (≤ 10°) wedge.

■ Postpone unilateral standing stretches or bilateral standing
stretches with heels over the edge of a step until advanced
postoperative activities are permitted (approximately 12 weeks).

Resistance Exercises
■ Begin strengthening exercises for ankle and foot musculature

in nonweight-bearing positions against low loads (light-grade
elastic resistance) before progressing to closed-chain
exercises against body weight.

■ Initiate heel raises in a seated position with gradual addition of
external resistance before progressing to bilateral heel raises
in standing.

■ Progress heel raising/lowering exercises from bilateral to
unilateral only if performed pain free (see suggested sequence
in Box 22.11). Unilateral heel raising/lowering should be
postponed until approximately 10 to 12 weeks postoperatively.

Advanced Training (Plyometric, Agility, Sport-Specific
Training)
■ Begin plyometric training in a pool (chest-deep progressing to

waist-deep immersion).
■ Initiate advanced land-based training program (running,

plyometrics, etc.) after 12 weeks if the individual meets the
following criteria:
■ Ambulates pain free with normal gait and no assistive device
■ Normal dorsiflexion ROM (excessive dorsiflexion compared

to contralateral limb indicates elongated tendon; advanced
training may be delayed).

■ Completes 5 unilateral heel raises at ≥ 90% of the limb’s
maximum heel-rise height

■ Begin with bilateral land-based plyometric activity, teaching
the individual correct landing techniques. Advance to
unilateral activities when proper joint alignment and
controlled deceleration on the operative limb is achieved.

■ Initiate return to running progression on level treadmill.
■ Teach the patient correct landing technique for proper

alignment during jumping and hopping exercises
■ Wear a prescribed functional ankle-foot orthosis or tape the

ankle during high-impact, high-velocity activities to minimize
the risk of tendon re-rupture

* Precautions are applicable to conventional and early ROM/weight-
bearing approaches to rehabilitation.
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muscle group with heel-lowering exercises in unilateral stance
(see Fig. 22.17) and with resistance equipment. Descending
stairs step over step also emphasizes eccentric loading. De-
pending on the patient’s preinjury activity level, plyometric
training can be initiated in a pool (see Chapter 23).

Having achieved functional criteria, individuals begin
land-based plyometric training and treadmill walking on
an incline at 12 to 16 weeks.229,258,377 Advance to jogging,
running, agility drills (cutting, pivoting), and sport-specific
training. Patient education is a priority and focuses on ways
to reduce the risk of re-rupture of the repaired tendon. Em-
phasize appropriate active warm-up and stretching prior to
strenuous activity. If the strength of the operated extremity
is relatively comparable to that of the contralateral extrem-
ity (dynamometry and/or heel-rise test),335 the individuals
progress from bilateral to unilateral plyometrics.258 Indi-
viduals are permitted to gradually return to sporting activ-
ity 4 to 6 months after surgery.249,258,352,377 Clinical criteria
for return to sport activity include strength and ROM
within normal limits. Functional criteria include pain-free
walking and running and functional hop testing with limb
symmetry indexes > 90% of the contralateral limb.

Outcomes
The ideal outcome is for a patient to return to a preinjury
level of physical activity without pain or re-rupture of the
repaired Achilles tendon. Patients undergoing primary repair
of an acute rupture have consistently better outcomes than
those who undergo a delayed repair for a chronic or neg-
lected rupture. A surgical delay of up to 30 days following
rupture has no negative impact; however, longer delays result
in less satisfactory outcomes.16,352 Active individuals 30 years
or younger are at the highest risk of re-rupture following 
primary repair of an acute rupture.279 The overall risk of 
re-rupture is approximately 3%.16,184,230,319

Numerous studies have compared methods of managing
acute Achilles tendon ruptures. Operative management 
has been compared to nonoperative management, open pro-
cedures have been compared to minimally invasive proce-
dures, and conservative management (strict immobilization/
restricted weight) has been compared to “accelerated rehabil-
itation” (early motion/early weight bearing) in both operative
and nonoperative management. Outcomes typically reported
include re-rupture rate, ROM, strength, functional or sport-
related activity level, and patient satisfaction. The following
sections reflect conclusions drawn from systematic reviews of
the literature as well as individual studies.

Nonoperative versus operative management. Despite a
plethora of randomized controlled trials, it is unclear whether
surgical or nonsurgical management provides superior results.
Early systematic reviews concluded that operative management
resulted in fewer re-ruptures when compared to nonoperative
management.23,163,378 However, the postoperative and nonop-
erative management generally included restricted weight bear-
ing and delayed ROM for 6 weeks, a management strategy that
is no longer in alignment with the current CPG.42

A recent meta-analysis included results from 10 random-
ized controlled trials comparing operative and nonoperative
outcomes in individuals with acute Achilles tendon rup-
ture.319 Postoperative management (conservative vs. func-
tional rehabilitation) was determined to be a significant cause
of heterogeneity among the studies. When considering only
the results from five studies that employed functional reha-
bilitation (early weight bearing and ROM), surgical treatment
and nonsurgical treatment were equivalent with regard to the
re-rupture rate. Other findings included:

■  Complications other than re-rupture favor nonoperative
management (relative risk: 3.9)

■  Time to return to work favors operative management 
(19 days earlier return to work)

■  ROM results did not show a clinically important difference
■  Strength results did not show a clinically important 

difference
■  Functional outcomes did not show a clinically important

difference

The authors concluded that nonoperative management
with functional rehabilitation should be considered as a viable
management option. This conclusion is echoed by the meta-
analysis conducted by van der Eng et al, who found no differ-
ence in the re-rupture rates or the occurrence of major or
minor complications between surgically and conservatively
managed individuals.359 Despite the equivocal results of these
meta-analyses, surgeons generally consider surgical manage-
ment the best option for high level athletes who desire a full
return to sport activity.16

Regardless of operative or nonoperative management, over
30% of individuals are reported to have some degree of 
impairment including pain, decreased strength, and/or de-
creased ROM at 1 to 5 years after injury.16,255,256,311,312 Studies
of National Football League (NFL) and National Basketball
Association (NBA) players with an Achilles tendon rupture
have demonstrated that only 61% to 78% of professional ath-
letes are able to return to previous level of play following sur-
gical repair.10,207,219,262 NBA basketball athletes who did return
to previous level of play demonstrated significantly decreased
playing time and player efficiency rating when compared to
matched controls.10 In the season following repair, NFL ath-
letes who underwent Achilles tendon repair played in fewer
games and at a lower performance level when compared to
the season prior to injury.207,262

Olsson et al257 investigated predictors of clinical outcome
in 93 individuals following acute Achilles tendon repair. All
participants completed an accelerated rehabilitation protocol
consisting of early weight bearing and ROM. Independent
(predictor) variables included treatment (surgical versus 
nonsurgical), age, sex, BMI, and patient-reported measures
at time of inclusion (Physical Activity Scale and European
Quality of Life Scale). Although surgical treatment resulted
in lower degree of symptoms at 6 months, no difference in
function was found between surgically and nonsurgically
managed individuals at 6 and 12 months. Increasing age was
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walking and running. Joint mobilization techniques are used
to increase accessory motion of the joint surfaces. These tech-
niques are described in detail in Chapter 5. Manual passive
stretching and PNF stretching techniques are described in
Chapter 4. Self-stretching techniques to improve flexibility
and ROM are the emphasis of this section.

Flexibility Exercises for the Ankle
Region
Increase Ankle Dorsiflexion
The muscles that restrict dorsiflexion of the ankle are the 
one-joint soleus and the two-joint gastrocnemius. To effec-
tively stretch the gastrocnemius, the knee must be extended
while dorsiflexing the ankle. To isolate stretch to the soleus,
the knee must be flexed during dorsiflexion to take tension
off the gastrocnemius. Most of the following stretching exer-
cises can be adapted with the knee in flexion or extension, so
both of the plantarflexor muscles can be stretched.

PRECAUTION: When a patient uses weight-bearing exercises
to stretch the plantarflexor muscles, shoes with arch supports
should be worn or a folded washcloth placed under the medial
border of the foot to minimize the stress to the arches of 
the foot.

 FOCUS ON EVIDENCE
In a study of 30 subjects (15 with pes planus and 15 with neu-
tral foot alignment), the effects of weight-bearing dorsiflexion
stretches on the displacement of the myotendinous junction
of the medial gastrocnemius, rearfoot angle, and navicular
height were measured. Results showed a significantly greater
displacement (elongation) at the myotendinous junction
when the arch was supported in both groups, with a greater
displacement occurring in subjects with pes planus. When the
subjects with pes planus stretched without arch support, there
was a significant increased rearfoot angle and drop in navic-
ular height.153

■  Patient position and procedure: Long-sitting (knees ex-
tended) or with the knees partially flexed. Have the patient
strongly dorsiflex the feet, attempting to keep the toes 
relaxed.

■  Patient position and procedure: Long-sitting or with the
knee partially flexed and with a towel or belt looped under
the forefoot. Have the patient pull with equal force on both
ends of the towel to move the foot into dorsiflexion.

■  Patient position and procedure: Sitting with the foot flat on
the floor. Have the patient slide the foot backward, keeping
the heel on the floor.

■  Patient position and procedure: Standing. Have the patient
stride forward with one foot, keeping the heel of the back
foot flat on the floor (the back foot is the one being
stretched). If necessary, have the patient brace his or her

a strong predictor of decreased function at both 6 and 
12 months. Individuals with higher BMI experienced greater
symptoms, but no effect on function was found.

Open versus minimally invasive repair. Traditionally,
open repair has been considered the “gold standard” 
for Achilles tendon repair due to a low rate of re-rupture.16

Percutaneous or minimally invasive techniques have been 
associated with a lower overall complication rate but in-
creased risk of sural nerve injury.16,162,163 Recent studies have
challenged these assumptions.

A study of 211 individuals treated with minimally inva-
sive surgical repair of an Achilles tendon rupture, sural nerve
injury occurred in 41 (19%) and re-ruptures in 17 (8%).228

A retrospective cohort study of 270 individuals treated with
open (n = 169) or percutaneous Achilles repair demon-
strated no difference in the major or minor complication
rates. Most patients in both groups returned to baseline 
activities by 5 months following surgery.136 A systematic 
review of compared open and minimally invasive repairs
found comparable outcomes in ROM and ankle function 
in most of the included studies.65 Open repair resulted in 
a higher percentage of complications when compared to
minimally invasive procedures (14% vs. 6%, respectively),
including a higher rate of re-rupture (3.4% vs. 2.2%, respec-
tively). Minimally invasive repair resulted in more nerve 
injuries than open repair (2.9% vs. 1.8%, respectively). 
Individuals returned to work more quickly following 
minimally invasive procedures. The authors concluded that
minimally invasive and open surgery are grossly equivalent
procedures in terms of outcomes but that the cost and risk
profile favors minimally invasive procedures.

Summary. In summary, there continues to be controversy
as to whether surgical or nonoperative treatment is the 
better option for management of acute Achilles tendon 
rupture.111,185,352 It is increasingly clear that postoperative
and nonoperative management strategies previously con-
sidered “accelerated” have become the standard of care.
Early weight bearing and ROM are now the recommended
rehabilitation approach for primary Achilles tendon 
repair.33,80,139,157,184,230,249,258,319,352

Exercise Interventions 
for the Ankle and Foot

Exercise Techniques 
to Increase Flexibility 
and Range of Motion

Loss of flexibility in the ankle and foot can result from a 
variety of causes. Restoration of motion may be necessary 
to correct alignment or for normal biomechanics during
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hands against a wall. To provide stability to the foot, the
patient partially rotates the back leg inward so the foot 
assumes a supinated position and locks the joints of the
foot. The patient then shifts body weight forward onto the
front foot. To stretch the gastrocnemius muscle, the knee of
the back leg is kept extended; to stretch the soleus, the knee
of the back leg is partially flexed.

■  Patient position and procedure: Standing on an inclined
board with feet pointing upward and heels downward
(Fig. 22.9). Greater stretch occurs if the patient leans 
forward. Because the body weight is on the heels, there
is little stretch on the long arches of the feet. Little effort
is required to maintain this position for extended 
periods.

■  Patient position and procedure: Standing, with the fore-
foot on the edge of a step or stool and heel over the edge.
Have the patient slowly lower the heel over the edge (heel
drop).

PRECAUTION: This stretch may create muscle soreness
because it requires that the patient control an eccentric
contraction of the plantarflexors.

the foot outward by pulling on the lateral side of the towel.
It is important that the motion includes the heel, not just
the forefoot.

■  Patient position and procedure: Sitting or standing, with feet
pointing forward. Have the patient roll to the lateral border
of each foot so the soles are turned inward.

■  Patient position and procedure: Standing or walking, with
the involved foot on a slanted board, placing the lateral 
aspect of the foot to be stretched on the lower side of the
board. Bilateral stretching can be accomplished if hinged
planks are placed in an inverted-V position and the patient
stands or walks on them.

Increase Ankle Plantarflexion and Eversion
It is uncommon for plantarflexion and eversion to be re-
stricted because gravity plantarflexes the foot in the supine
position and the body’s weight everts the foot in the stand-
ing position. Eversion, which is a component of pronation,
is the loose-packed position of the foot and is perpetuated
with weight bearing. The exception for restricted talocrural
plantarflexion is when there is a capsular pattern at the joint
as a result of arthritis. If the restriction is from joint hypo-
mobility, it is treated with joint mobilization techniques.

Increase Ankle Dorsiflexion and Eversion
Patient position and procedure: Long-sitting with a towel
or belt looped under the foot. Have the patient pull on 
the lateral side of the towel to cause the heel and foot to turn
outward.

Flexibility Exercises for Limited
Mobility of the Toes
Tight extrinsic muscles of the toes occur with claw toes and
hammer toes, causing the MTP joints to extend and the IP
joints to flex. There is often weakness of the intrinsic muscles.
To stretch the intrinsic muscles, emphasize MTP flexion and
IP extension.

FIGURE 22.9 Self-stretching the gastrocnemius muscle to increase
ankle dorsiflexion.

FIGURE 22.10 Self-stretching the ankle and foot into inversion by
pulling with the medial side of the towel.

Increase Ankle Inversion
■  Patient position and procedure: Sitting, with the foot to be

stretched placed across the opposite knee. Have the patient
grasp the midfoot and hindfoot with the opposite hand
and lift the foot into inversion. Emphasize turning the heel
inward, not just twisting the forefoot.

■  Patient position and procedure: Long-sitting with a towel or
belt looped under the foot. Have the patient pull on the
medial side of the towel to cause the heel and foot to turn
inward (Fig. 22.10). This technique also can be used to turn
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Passive MTP Flexion
Patient position and procedure: Sitting with the foot
crossed onto the opposite knee. Show the patient how to sta-
bilize the foot under the metatarsal heads (MTP joints) with
the thumbs and passively flex the MTP joints by applying
pressure against the proximal phalanges. Or, have the patient
attempt active flexion of the MTP joints, assisting the motion
if necessary.

Passive IP Extension
Patient position and procedure: Sitting with the foot
crossed onto the opposite knee. Teach the patient to stabilize
the proximal phalanx of the involved toe and passively stretch
the long flexors across each joint by moving the middle
and/or distal phalanx into extension.

Active MTP Flexion
Patient position and procedure: Standing with the toes
over the edge of a stool or book and the MTP joints at 
the edge. Have the patient attempt to flex the MTP joints over
the edge of the stool. Ideally, the patient should try to keep
the IP joints of the toes extended, but many individuals 
cannot do this.

Great Toe Extension
Extension of the great toe at the MTP joint is critical during
the push-off phase of gait. In addition to joint mobilization
techniques, passive stretching and self-stretching techniques
should be used.

■  Patient position and procedure: Sitting with the foot resting
on the opposite knee. Show the patient how to stabilize the
foot around the head of the first metatarsal with one hand
and passively extend the MTP joint by applying pressure
against the proximal phalanx.

■  Patient position and procedure: Sitting with the feet placed
on the floor. Have the patient slide the foot to be stretched
backward by flexing the knee while keeping the toes on the
floor and raising the heel off the floor.

■  Patient position and procedure: Standing with the involved
foot in a backward stride position. The patient may lean
his or her hands against a wall for support. Have the patient
keep the toes on the floor and rock forward lifting the heel
until a stretch is felt under the first toe. A sustained stretch
or a gentle rocking stretch can be used.

Stretching the Plantar Fascia 
of the Foot
■  Patient position and procedure: Sitting with the foot placed

across the opposite knee. Teach the patient to use his or her
thumbs to apply deep massage horizontally and longitudi-
nally across the plantar surface of the foot.

■  Patient position and procedure: Sitting with a ball, small
roller, or plastic bottle under the foot. Have the patient roll
the foot forward and backward across the curved surface,

890 Exercises to Develop and Improve Muscle Performance and Functional Control

using as much pressure as is comfortable. Pressing down
on the knee with one or both hands can exert additional
force.

Exercises to Develop 
and Improve Muscle
Performance and Functional
Control

Causes of strength and flexibility imbalances of the ankle
and foot include disuse, immobilization, nerve injury, and
progressive joint degeneration. In addition, imbalances
occur from the weight-bearing stresses that are imposed on
the feet. Imbalances can be the cause or the effect of faulty
lower extremity mechanics. Because the lower extremities
bear weight, realignment by strengthening exercises alone is
of limited value. Strengthening exercises undertaken in con-
junction with conscious correction, appropriate stretching,
balance training, and other necessary measures (such as
using orthotic inserts or adaptations for shoes, bracing, 
orthoses, or surgery) improve alignment, so structurally safe
weight bearing is possible. In addition, knowledge of the
types of shoes used or surfaces encountered during walking
or sports activities may be a lead to the source of faulty 
mechanics, which then can be adjusted. (Techniques of 
orthopaedic adaptations for shoes, bracing, and orthoses are
beyond the scope of this text.)

Most functional demands on the ankle and foot occur
during weight-bearing activities. Kinesthetic input from
skin, joint, and muscle receptors and the resulting joint and
muscle responses are different in open- and closed-chain 
activities.261 Therefore, whenever possible, use of progressive
weight-bearing exercises is important to simulate functional
activities. In addition to the exercises described in this sec-
tion, refer to Chapter 23 for total lower extremity functional
exercises performed in the standing position that influence
muscle control at the hip, knee, and ankle.

Exercises to Develop Dynamic
Neuromuscular Control
■  Patient position and procedure: Long-sitting or with the

knees partially flexed. Have the patient practice contracting
each of the major muscles while concentrating on his 
or her actions—for example, dorsiflexion with inversion
(anterior tibialis), plantarflexion with inversion (posterior
tibialis), and eversion (fibularis muscles).

■  Patient position and procedure: Long-sitting or with the
knee partially flexed. Instruct the patient to “draw” the al-
phabet in space, leading with the toes but moving at the
ankle. For variety, have the patient “print” using capital 
letters, then with lower case letters, or “write” words such
as his or her name or address.
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■  Patient position and procedure: Sitting on a chair or low
mat table with feet on the floor. Place a number of small
objects, such as marbles or dice, to one side of the in-
volved foot. Have the patient pick up one object at a time
by curling the toes around it and then place the object in
a container on the other side of the foot. This exercise
emphasizes the plantar muscles as well as inversion and
eversion.

■  Patient position and procedure: Sitting with feet on the floor
or standing. Have the patient curl the toes against the 
resistance of the floor. Place a towel or tissue paper under
the feet, and have the patient attempt to wrinkle it up by
keeping the heel on the floor and flexing the toes.

■  Patient position and procedure: Sitting, with the feet on the
floor. Have the patient attempt to raise the medial longitu-
dinal arch while keeping the forefoot and hindfoot on the
floor. External rotation of the tibia—but not abduction of
the hips—should occur. The activity is repeated until the
patient has consistent control; then it is performed while
standing as a progression.

■  Patient position and procedure: Sitting with a tennis ball
placed between the soles of the feet. Instruct the patient to
roll the tennis ball back and forth from heel to forefoot.

■  Patient position and procedure: Sitting, with both feet or
the involved foot only on a rocker or balance board. Have
patient perform controlled ankle and foot motions (with
or without the assistance of the normal foot) into dorsi-
flexion and plantarflexion and inversion and eversion
(Fig. 22.11). If the equipment permits, the patient also
can perform circumduction in each direction. Progress
this activity to the standing position to further develop
control and balance.

■  Patient position and procedure: Standing. Have the patient
practice walking while concentrating on placement of the
feet and shifting body weight with each step. The patient
begins by accepting body weight on the heel, then shifting
the weight along the lateral border of the foot to the fifth
metatarsal head and across to the first metatarsal head and
great toe for push-off.

Open-Chain (Nonweight-Bearing)
Exercises
Plantarflexion
Patient position and procedure: Long-sitting with the leg
resting on a rolled towel to slightly elevate the heel off the
treatment table. Have the patient hold both ends of an elastic
band that is looped under the forefoot, then plantarflex the
foot against the resistance (Fig. 22.12).

FIGURE 22.11 Using a rocker board to develop control of ankle
motions with the patient sitting. The normal foot can assist the 
involved side in the early phases of rehabilitation. This activity can 
be progressed by using only the involved foot and then performing
the motions in standing.

FIGURE 22.12 Resisting the ankle plantarflexor muscles with an
elasticized material.

Isometric Eversion and Inversion
Patient position and procedure: Long-sitting or sitting in
a chair with knees flexed.

■  To resist eversion, the ankles are crossed; instruct the patient
to press the lateral borders of both feet together against
each other.

■  To resist inversion, the medial borders of the feet are placed
beside each other; instruct the patient to press the medial
borders of the feet against each other.

Eversion and Inversion With Elastic Resistance
Patient position and procedure: Long-sitting, supine, or
sitting with the feet resting on the floor.

■  To strengthen evertors, place a loop of elastic tubing around
both feet and have the patient evert one or both feet against
the resistance (Fig. 22.13). Instruct the patient to keep the
knees still and turn the foot outward, not allowing the thigh
and leg to abduct or externally rotate.

■  To strengthen invertors, tie the elastic band or tubing to a
structure on the lateral side of the foot. Again, have the 
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patient keep the legs stationary and only turn the foot inward
without allowing the hip to adduct and internally rotate.

Adduction With Inversion and Abduction 
With Eversion Using Weights
Patient position and procedure: Sitting with the foot on
the floor. Place a towel under the forefoot and a weight on the
end of the towel (Fig. 22.14). Have the patient pull the
weighted towel along the floor with the forefoot by keeping
the heel fixed on the floor and swinging the foot either inward
or outward.

All Ankle Motions
Patient position and procedure: Sitting in a chair or stand-
ing with one or both feet in a box filled with sand, foam, dry
peas, dry beans, or other similar type material to offer resist-
ance to various foot motions. Have the patient plantarflex,
dorsiflex, invert, and evert the foot and ankle, and curl the toes
with the foot on top or with the foot dug into the medium.

Closed-Chain (Weight-Bearing)
Exercises
For these exercises, the patient position is standing. If the
patient does not initially tolerate full weight bearing with-
out reproduction of symptoms, begin with the patient
standing in parallel bars using both hands for support,
holding onto a stable object, harnessed into a body weight
support system, or exercising in a pool to reduce weight-
bearing forces. Progress from bilateral to unilateral stance.
Refer to Table 6.9 for general guidelines for progression of
closed-chain exercises.

Stabilization Exercises
Begin stabilization exercises for the ankle and foot in bilateral
stance, progressing to unilateral stance and by standing on a
flat, stable surface and later on less stable surfaces.

■  Apply resistance to the patient’s pelvis in various directions
while he or she attempts to maintain control. At first, use
verbal cues, then resist without warning. Also, increase the
speed and intensity of the perturbation forces.

■  Have the patient hold onto a wooden dowel rod or cane
with both hands. Apply the resistance through the rod in
various directions and with varying intensities and speeds
as the patient attempts to remain stable (Fig. 22.16).

■  Progress to standing only on the involved foot.

892 Exercises to Develop and Improve Muscle Performance and Functional Control

FIGURE 22.13 Resisting the ankle evertor muscles with an elasti-
cized material.

FIGURE 22.15 Resisting the ankle dorsiflexor muscles with an 
elasticized material.

FIGURE 22.14 Resisting ankle adduction and inversion with a
weight on the end of the towel. The heel is kept stationary while a
windshield wiper motion of the foot is used to pull the towel along
the floor. Abduction with eversion can be resisted by placing the
weight on the towel on the medial side of the foot.

Dorsiflexion
Patient position and procedure: Long-sitting or supine
with a rolled towel under the distal leg to elevate the heel
slightly. Tie both ends of an elastic band or tubing to the foot
board of a bed (or other object), and loop the elastic over the
dorsum of the foot. Have the patient dorsiflex the ankle
against the resistance (Fig. 22.15).
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■   Have the patient stand on the involved leg and maintain a
stable position of the ankle and foot while moving the oppo-
site leg forward, backward, and to the side against the resist-
ance of an elastic band or tubing secured around the ankle
of the moving limb and a table leg (similar to Fig. 20.22).

Dynamic Strength Training
■  Have the patient perform bilateral toe and heel raises and

rock outward to the lateral borders of the feet. Progress to
performing these exercises unilaterally. When tolerated, add
resistance with a weighted backpack, weight belt, or hand-
held weights. Progress to jumping, then hopping on level
surfaces and then on and off a platform for explosive con-
centric and eccentric loading.

■  For eccentric loading of the gastrocnemius-soleus muscle
group without concentric loading of the affected ankle, have
the patient perform the following sequence.149 While posi-
tioned next to a stable surface (wall, countertop) using one
hand for balance, have the patient stand on a low platform
on the sound lower extremity and the affected foot in max-
imum plantarflexion with the ball of the foot on the floor.
Transfer body weight onto the ball of the foot of the affected
side while lifting the sound lower extremity off the step; and
then slowly lower the heel to the floor (Fig. 22.17) using a
lengthening contraction of the gastrocnemius-soleus mus-
cle group. Repeat the sequence by stepping back onto the
platform with the sound limb.

CLINICAL TIP
Resistance training that emphasizes eccentric contractions of
the ankle plantarflexors has been shown to decrease pain and

increase physical functioning in patients with midposition
Achilles tendinopathy.38 Eccentric loading, emphasizing heel-
lowering exercises, has also been investigated for management
of insertional Achilles tendinopathy with promising results.149

Resisted Walking
■  Have the patient walk on heels and on toes against resist-

ance. Apply manual resistance against the patient’s pelvis,
or have the patient walk against a weight-pulley system or
elastic resistance secured around the pelvis.

■  Apply an elastic band around the ankle of the sound lower
extremity and secure the band to a stable object.120 While
bearing weight on the involved lower extremity:
■ Bring the sound leg one step forward against the resist-

ance of the elastic band to strengthen the ankle dorsiflex-
ors of the weight-bearing limb (Fig. 22.18 A and B).

■ Move the sound leg one step backward against the resist-
ance of the elastic band to strengthen the ankle plantarflex-
ors of the weight-bearing limb (Fig. 22.19 A and B).

Functional Progression for the Ankle
and Foot
As with functional training for the hip and knee, implement
a progression of exercises that prepares a patient recovering
from structural or functional impairments of the ankle to 
return safely to their desired occupational and recreational
activities. To meet these challenges, a patient must develop

FIGURE 22.16 Stabilization exercises with the patient standing and
maintaining balance against the alternating resistance forces from the
therapist. The therapist applies force through the rod in backward/
forward, side-to-side, and rotational directions. This can be progressed
by standing on only the involved foot and by removing visual input.

FIGURE 22.17 Eccentric loading of the gastrocnemius-soleus 
muscle group is accomplished by shifting weight from the foot on
the step to the ball of the plantar flexed foot then lowering the heel
of the involved ankle.
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sufficient strength, endurance, and flexibility, as well as power,
balance, coordination, agility, aerobic fitness, and task-specific
skills. (Refer to Chapters 7 and 8 respectively for principles of
aerobic conditioning and balance training.)

A functional progression of exercises for the ankle and
foot must involve the entire body—lower extremities, trunk,
and upper extremities. A variety of advanced stability, bal-
ance, strengthening, plyometric, and agility exercises that
could be used for the patient with dysfunction of the ankle
and/or foot are described and illustrated in Chapter 23. Some
of the closed-chain strengthening exercises and functional

progressions described in Chapters 20 and 21 are applicable
as well (see Box 20.11).

Selected equipment also is valuable for improving function
of the ankle and foot. Training on a stationary bicycle, tread-
mill, cross-country ski machine, or mini-trampoline is useful
for developing endurance of ankle musculature. A slide board
can be used to develop coordination, control, and dynamic
ankle stability. Use of balance equipment, such as a rocker or
wobble board or BOSU®, imposes a significant challenge on
dynamic stabilizers of the ankle as does walking or running
on uneven surfaces.

894 Exercises to Develop and Improve Muscle Performance and Functional Control

FIGURE 22.18 (A) Starting position for activation of the ankle 
dorsiflexors of the weight-bearing limb by advancing the opposite
limb forward against resistance of an elastic band; (B) ending 
position.

R
R

FIGURE 22.19 (A) Starting position for activation of the ankle 
plantarflexors of the weight-bearing limb by advancing the opposite
limb backward against resistance of an elastic band; (B) ending 
position.

RR

A B A B

Independent Learning Activities

Critical Thinking and Discussion
1. Observe how the foot and ankle function as a unit in sev-

eral activities, such as walking up steps, walking on uneven
surfaces, and walking in high-heeled shoes versus low-
heeled shoes.
■ What motions do you observe in the talocrural, subtalar,

transverse tarsal, and MTP joints? Describe how the 
mechanics change across activities.

■ What muscles are functioning to move or control each
joint? Describe how muscle function and demand
changes across activities.

2. Describe the role of the ankle and foot during the gait cycle.
■ How much ROM is needed at the ankle, and which 

muscles are acting to cause or control the motion? What
other forces are causing or controlling motion at the
ankle?

■ What gait deviations occur if there is muscle shortening
or weakness at the ankle? Describe potential deviations
with involvement of the plantarflexors, inverters, ever-
tors, and dorsiflexors.

■ After a unilateral arthrodesis of the talocrural joint
(ankle fused in neutral), what deviations will occur in
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the gait cycle? How will such a procedure affect the prox-
imal joints of the lower extremity and/or the pelvis and
trunk?

■ Describe the mechanics and function of pronation and
supination in the foot during the gait cycle. Explain how
the gait cycle would be affected if a patient had flexible
flat feet versus rigid supinated feet.

3. Compare and contrast an exercise program for a patient
who has had a repair or reconstruction of torn lateral lig-
aments of the ankle versus a patient who has had a repair
of a ruptured Achilles tendon. How will precautions and
selection of exercises differ after these two types of surgical
repairs?

4. Discuss the benefits and limitations of total ankle arthro-
plasty versus arthrodesis of the ankle.

Laboratory Practice
1. Review all the joint mobilization techniques for the leg,

ankle, and foot; include basic glides, accessory motions,
and mobilization with movement techniques.
■ Identify and practice techniques that you could use to

increase ankle plantarflexion; begin with the ankle at
zero, and progress at 15° increments until full plan-
tarflexion is reached.

■ Do the same for ankle dorsiflexion, subtalar inversion
and subtalar eversion, and MTP extension.

2. Set up a circuit-training course for the foot and ankle mus-
culature to increase strength, muscular endurance, stabil-
ity, balance, and neuromuscular reactions. Sequence the
activities from basic to advanced, and observe accuracy
and safety with each exercise. Identify other muscles in the
lower extremity, trunk, or arms that are also being affected
by the exercises.

Case Studies
1. Carl has a 10-year history of RA. His acute symptoms are

managed with medication, so he is able to walk with a cane.
He complains of increased pain after walking 15 minutes,
considerable stiffness, and generalized weakness. He walks
with short step lengths and has minimal push-off. Ankle
ROM: dorsiflexion 10°, plantarflexion 15°, inversion 0°,
eversion 8°. He stands with pronated feet and has dorsal
migration of the first phalanges and moderate hammer
toes. He tolerates moderate resistance in his lower leg/ankle
musculature, but he is unable to demonstrate toe walking
or do bilateral toe raises even one time.
■ List his impairments and activity limitations.
■ Develop a list of short- and long-term goals
■ Develop a program of intervention to meet the goals.

How will you initiate the intervention? How will you se-
quence the interventions? What techniques will you use
and how will you progress them?

■ Describe your rationale for the manual techniques and
exercises you select, for those deemed not appropriate,

and for the home interventions you would teach the 
patient.

■ Identify any precautions that are present for your inter-
ventions, as well as those that you must teach the 
patient.

2. Sandy sustained a boot-top fracture of the tibia and fibula
as the result of a fall while downhill skiing. She was immo-
bilized in a long-leg cast for 6 weeks, followed by a short-
leg cast for 4 weeks. She was allowed partial weight bearing
while wearing the short-leg cast. The cast was removed this
morning. She now reports significant stiffness and discom-
fort when attempting to move her ankle and foot. Obser-
vation reveals lower leg atrophy, but no edema or joint
swelling. ROM in the ankle and foot is minimal, and there
is no accessory gliding of the fibula at the proximal or dis-
tal tibiofibular joints. Strength was not tested, although the
patient can activate all muscles.
■ Answer the same questions posed in Case 1.
■ What are the key differences between Sandy and Carl 

regarding the intervention strategies and precautions?
■ How will you determine the progression of weight-

bearing activities?
3. Ron is a 35-year-old computer programmer who plays

recreational basketball. He sustained a severe inversion
strain of his right ankle when landing on the foot of an 
opponent during a recent game. He wrapped the ankle
with a compression wrap and applied ice to it for 2 days.
On the third day, a radiograph determined that there was
no fracture but he was diagnosed with a grade II instability
of the ATF ligament. Observation reveals significant
swelling and discoloration of the anterior and lateral ankle
region. He experiences a marked increase in pain with in-
version and plantarflexion motions, anterior gliding of the
talus, and palpation over the ATF ligament. Because of
muscle guarding, strength was not tested.
■ Identify structural and functional impairments, activity

limitations, and participation restrictions.
■ Determine goals and an intervention strategy for this

patient.
■ Describe how the intervention will be progressed.
■ Ron wants to know how soon he can return to playing

basketball. What criteria will you use to make this judg-
ment, and how will you protect his ankle when he does
return?

4. Jamaal is an active 43-year-old dentist who ruptured his
(L) Achilles tendon during a weekend tennis match. At the
time of the injury, he experienced acute pain above his heel
that persisted for a brief period of time. He was able to re-
turn home, where he rested for the remainder of the day
while applying ice to the posterior aspect of the lower leg.
Jamaal went to an urgent care facility the next day because
he was having some difficulty walking and ascending and
descending stairs. Physical examination suggested a rup-
tured Achilles tendon, which was confirmed by an MRI.
An open primary repair of the tendon was performed two
days later on an outpatient basis. Following surgery, the
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involved ankle was immobilized in a short-leg cast with
the ankle positioned in plantarflexion for 2 weeks. He has
been ambulating nonweight bearing with crutches since
surgery. At the 2-week postoperative visit to the surgeon,
the cast was removed and replaced with an ankle-foot 
orthosis, which was set in slight plantarflexion. He is now
permitted to bear partial weight on the involved foot
within pain tolerance while wearing the orthosis. Jamaal
has been referred to physical therapy to begin rehabilita-
tion, using an early remobilization and weight-bearing 

approach. He is allowed to remove the orthosis for ankle
ROM exercises.
■ Describe a sequence of exercises and criteria for progres-

sion that you would teach Jamaal that is consistent with
this accelerated functional approach to Achilles repair
management.

■ What precautions are included in your treatment plan?
■ Describe the additional intervention strategies that

will be used to prepare Jamaal to return to playing 
tennis.
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Functional training involves developing and progressing
exercise programs that enable patients to regain their pre-
injury level of function. For individuals wishing to return
to high-level work, leisure, recreational, or athletic activi-
ties, rehabilitation must progress sufficiently to meet the
anticipated demands of those activities. For the therapist,
it requires a continuous process of decision-making that 
involves:

■  A thorough knowledge of human anatomy, physiology,
biomechanics, and function.

■  An understanding of tissue healing, especially the effect 
of time on healing and the response of tissues to imposed
stresses.

■  An understanding of neuromuscular responses to various
forms of exercise.

■  The ability to examine and evaluate the structural and
functional impairments that restrict activity and full func-
tional participation within the context of personal and 
societal expectations.

■  Knowledge of diagnoses, surgical and therapeutic exercise
interventions, special precautions, and each patient’s 
potential for achieving the projected outcomes.

Functional training can begin in the early phases of reha-
bilitation with specific muscle activation and training tech-
niques designed to develop a balance in the strength and
timing of contractions among synergists and antagonists.
Because proximal stability is critical for coordinated function-
ing of the extremities, exercises to develop stability and 
balance are also incorporated into the early phases of the 
rehabilitation.

As muscle strength, endurance, and control of the involved
region(s) improve, greater emphasis is placed on strengthening
muscle groups in functional patterns, using both weight-bearing

and nonweight-bearing exercises. Care is taken to ensure that
the activity of stronger muscles does not dominate the weaker,
impaired muscles during the execution of these functional 
patterns. As function improves, the exercises can become
more activity specific.

Functional motor skills encompass an array of movements
completed using multiple postures, at varying speeds, and
over many repetitions or durations of time. The cornerstone
of a functionally relevant therapeutic exercise program is the
inclusion of task-specific movements that are superimposed
on sufficient stability, balance, and muscle function to meet
the necessary, expected, and desired functional demands in a
patient’s life.

The purpose of this chapter is to describe a variety of 
advanced functional training exercises that involve the total
body and may be appropriate for the final phase of rehabili-
tation. The chapter is divided into two sections. The first 
section focuses on advanced exercises for stability and balance
and the second on advanced exercises for strength and power.
Exercises selected for this phase of rehabilitation are based on
the patient’s desired outcome and emphasize the motor skills
needed to achieve that outcome. 

CLINICAL TIP
For all exercises, always stay within the healing constraints of
the impaired tissues. Be aware of the likely tissue stresses im-
posed by the position, motion, intensity, and speed of each
exercise. Initially, emphasize correct joint and body alignment
with proper movement velocity during the exercise. Then, as
the intensity of an exercise can be progressed, decrease the
repetitions (or time) until the patient is able to perform the
activity safely and effectively.
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Exercises for Stability 
and Balance

Guidelines Revisited
Stability describes the ability to maintain or adequately 
return a body or system to a state of equilibrium when 
external forces impart a perturbation to that body or sys-
tem. The concept that proximal stability is a requisite for
controlled distal mobility and safe and effective function
can be applied not only to general postural stability, but
also to individual joints.

Joint stability. Stability of each joint in the body is necessary
for effective function. Examples of joint stability include the
ability to maintain scapular position and glenohumeral joint
alignment so the humeral muscles can safely coordinate
movement of the upper extremity4 (see Chapter 17). Other

examples include coordinated segmental and global stability
of the spine for postural alignment and safe body mechanics
(see Chapters 14 and 16) and stability of the hips, knees, and
ankles for control during functional weight-bearing activities
(see Chapters 20 through 22). Because specific exercises for
joint stability are described in detail in the respective chapters,
the reader is referred to those chapters for study before pro-
gressing to the advanced exercises described in this chapter.

Postural stability and balance. For an individual to be able
to execute functional activities, balance—or postural stability—
is necessary to maintain the position of the body in equilib-
rium within the environment. These concepts are described
in detail in Chapter 8. In addition, stability and balance 
exercises in upright postures that are appropriate early in 
a rehabilitation program are described in each of the lower
extremity chapters. Parameters for progressing balance exer-
cises are summarized in Table 23.1.
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TABLE 23.1 Parameters for Progressing Balance Exercises

Parameters Progression

Upright posture

■ Sitting→kneeling→standing

Base of support

■ Sitting: feet on floor→feet off floor
■ Standing: wide→narrow base
■ Standing: Double leg stance→tandem stance→single-leg stance

Support surface

■ Stationary, firm, or flat surface→moving, soft, uneven surface (ball, wobble board,
slide board, sand, gravel, grass)

■ Wide surface→narrow (balance beam, half foam roll)

Superimposed movements

■ Head, trunk, extremity movements
■ Small→large-range extremity movements
■ Unresisted→resisted (free weights, elastic resistance)

Perturbations

■ Anticipated→unanticipated
■ Low magnitude→high magnitude
■ Slow speed→high speed

Environment

■ Surroundings nonmoving (closed)→moving (open)

Functional tasks

■ Simple→complex tasks
■ Single→multiple tasks
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CLINICAL TIP
As patients progress through advanced rehabilitative exercises,
remind them frequently to maintain the spine in a neutral 
position and to activate the trunk muscles in order to stabilize
the spine against imposed forces. If at any time the patient
shows signs of insufficient trunk stability (such as lack of
control of spinal posture or increased painful symptoms), 
review and implement the spinal stabilization exercises as 
described in Chapter 16.

Advanced Stabilization and Balance
Exercises
Sitting
When the individual is able to sit on a firm, stable surface 
and maintain balance while reaching in all directions under
various loads, progress training by having them perform the
same tasks while sitting on an unstable surface. Surface sug-
gestions include a foam cushion, rocker board, BOSU®, or
large gym ball.

Sitting and Reaching
Have the patient balance on an unstable surface and reach
in various directions, first with one extremity, then with
both. Add resistance to the motions as the patient is able
(Fig. 23.1).

Sitting With External Perturbations
While the patient maintains sitting balance on an unstable
surface:

■  Move the surface in various directions, first slowly, then
more quickly.

■  Pull on a length of elastic resistance held by the patient.
Alter the speed and direction of pull.

■  Toss a ball to the patient, requiring him or her to reach out
in various directions and return the toss (Fig. 23.2).
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FIGURE 23.1 Resisted reaching movements while maintaining 
sitting balance on an unstable surface.

FIGURE 23.2 Maintaining sitting balance while catching and return-
ing a ball.

■  Increase the challenge by integrating a plyometric compo-
nent into the balance activity, such as catching and tossing
a weighted ball.

■  Manually push on the patient’s trunk while they perform
reaching activities. Vary the amount, point of application,
timing, and direction of manual force used.

NOTE: Refer to the next section of this chapter for examples
of plyometric exercises that also improve a patient’s balance.

Kneeling
Kneeling activities can be performed in the half-kneeling
(balancing on one knee with the other extremity forward
and foot planted on the floor) or high-kneeling (tall-kneeling
on both knees) positions. The level of challenge can be 
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adjusted or progressed by having the patient reach in 
various directions under loaded and unloaded conditions,
kneel on stable or unstable surfaces, and respond to 
perturbations.

Kneeling on a Stable Surface
■  In the half-kneeling position, loop an exercise band

under the forward foot and have the patient perform di-
agonal upper extremity patterns against the resistance
(Fig. 23.3 A).

■  While in a half-kneeling or high-kneeling position, have
the patient reach and lift a weighted object from the floor
with one or both hands, and then move the weighted object
upward and outward in various patterns of motion and 
return (Fig. 23.3 B).

■  While in a half-kneeling or high-kneeling position, toss
a ball and have the patient catch and then return it.

Progress this activity by gradually tossing the ball away
from the trunk in multiple directions and with varying
velocities.

Kneeling on an Unstable Surface
■  Have the patient kneel on a foam roller, balance board,

BOSU®, or partially deflated large therapy ball and perform
arm motions in various directions; progress the activity by
having the patient move the arms against resistance.

■  While kneeling on an unstable surface, have the patient
catch and return a ball. Progress by using a weighted 
ball (Fig. 23.4) or adjusting the location and speed of
the toss.

Bilateral Stance
Once the individual can stand upright and maintain balance
while reaching in all directions and while managing imposed
loads (free weights, pulley system, or elastic resistance), the
patient is ready to progress to exercises that provide a greater
challenge to stability and balance, first in bilateral stance and
progressing to unilateral stance.

Bilateral Stance on a Stable Surface  VIDEO 23.1
■  Begin with the patient standing with both feet on the floor,

shoulder width apart, or in a stride position.
■ Toss a ball (unweighted or weighted) that requires the

patient to reach outward, upward, or downward to catch
and return it. When indicated, remind the patient to
maintain a neutral spine, to contract the abdominals
when reaching upward to stabilize the spine, or to rotate
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A

B

FIGURE 23.3 Balancing in half-kneeling position (A) while perform-
ing diagonal patterns against elastic resistance; and (B) while moving
a weighted object from a chair to the floor.

FIGURE 23.4 Balancing in high-kneeling position on a BOSU® while
catching and tossing a ball.
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at the hips rather than the spine when reaching outward
or downward.

■ Perform various arm motions against elastic resistance,
with free weights, or while shaking a BodyBlade®.

■  Progress to balancing in tandem stance. Have the patient
stand on a stable, narrow surface, such as a line on the
floor or a balance beam. Apply quick alternating manual
resistance against the patient’s pelvis (Fig. 23.5), or apply
quick pulling motions to elastic resistance held by the 
patient. Vary the timing, direction, amount, and point of
application of the forces used to adjust or progress this
activity.

■  Progress to tandem walking on a narrow but stable surface.
Manual perturbations to the pelvis and trunk can be added
to further challenge the patient.

Bilateral Stance on an Unstable Surface  
VIDEO 23.2
■  While on a balance board or BOSU®, have patient rock the

platform forward and backward and side-to-side while 
attempting to control the motion and maintain balance.
Instruct the patient to prevent the edges of the platform
from hitting the floor.

■  Have the patient stand on a foam half-roller (curved side
down), a balance board, or BOSU®; add the following per-
turbations as the patient is able.
■ Apply quick alternating resistance against the patient’s

pelvis.
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FIGURE 23.5 Balancing in tandem stance on a balance beam with
quick alternating resistance applied against the pelvis.

FIGURE 23.6 Balancing in bilateral stance on a balance board while
performing arm movements.

FIGURE 23.7 Balancing in bilateral stance on a BOSU® while catching
and tossing a ball.

■ Have the patient perform various arm motions against
elastic resistance, with free weights (Fig. 23.6), or while
shaking a BodyBlade®.

■ Toss a ball (unweighted or weighted) back and forth to
the patient (Fig. 23.7).

■ Have the patient perform partial squats (Fig. 23.8).
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Unilateral Stance on a Stable Surface  
VIDEO 23.3
■  Have the patient perform upper extremity diagonal pat-

terns, unilaterally or bilaterally, using free weights or elastic
bands (tubing) while balancing on one lower extremity
(Fig. 23.9). When using elastic resistance, change the angle
of pull to vary the challenge and balance response.

■  Have the patient, while balancing on one lower extremity,
practice various lower extremity patterns that replicate
functional activities. The following are suggestions:
■ Place a star pattern (such as four intersecting lines) 

on the floor. Have the patient place one foot on the
center of the pattern and then touch the opposite foot
on each of the lines of the pattern: directly forward,
diagonally forward, sideways, diagonally backward
(Fig. 23.10 A), straight backward, and crossed behind
(Fig. 23.10 B). Then switch feet and repeat the pattern
on the opposite side.

■ Perform an alternating PNF pattern, such as D1 flexion
(flexion, adduction, and external rotation)/extension
(extension, abduction, internal rotation) with one leg
while holding a weight and flexing/extending the oppo-
site elbow (Fig. 23.11).

■ Have the patient walk sideways, then progress to braiding
or carioca motions using forward and backward cross-
over steps. This requires alternating balance reactions
from one lower extremity to the other.

■ Bend or rotate to one side while performing a partial squat
to lift an object from a chair or the floor (Fig. 23.12).
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FIGURE 23.8 Balancing on an unstable surface while performing
partial squats.

FIGURE 23.9 Balancing in unilateral stance while performing upper extremity diagonal patterns against elastic resistance: (A) unilaterally; 
and (B) bilaterally.

A B

Unilateral Stance
Begin by having the patient practice standing in unilateral
stance on a stable surface, progressing to an unstable surface
and adding perturbations as described in the bilateral stance
exercises.
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FIGURE 23.10 Maintaining balance while touching one foot on each of the lines of a star pattern on the floor and returning to the center; 
(A) diagonally backward and (B) crossed behind stationary leg.

A B

FIGURE 23.11 Balancing in unilateral stance while performing a 
diagonal pattern with one lower extremity. Upper extremity motions
add additional challenges to balance.

■ Reach outward with arms while bending forward and 
extending one leg as in a “skater” position (Fig. 23.13 A).
Increase the challenge by picking up a weight from the
floor or by alternately moving the arms in a windmill man-
ner (without or with weights in each hand) (Fig. 23.13 B).

FIGURE 23.12 Partial squatting in unilateral stance, leaning to one
side and picking up an object.

Unilateral Stance on an Unstable Surface
■  Have the patient stand on the round and then flat side of a

BOSU® or on a balance board or disc, and apply resistance
against the patient’s trunk or to upper extremity move-
ments using elastic resistance (Fig. 23.14).

■  While balancing on an unstable surface, have the patient
swing one leg forward and backward, first slowly, then with
increasing speeds.
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Moving and Planting Activities  VIDEO 23.4
Movement followed by planting the foot (or feet) not only
requires coordinated movements to stop the body’s progres-
sion in one direction, but also a rapid balance response to
keep from falling. These activities also prepare the individual
for skills that involve rapid reversals of direction and agility
drills.

Jump and “Freeze”
■  Have the patient jump down from a platform or low step

and hold the end position (Fig. 23.15 A). Progress to jump-
ing up onto the platform.

■  When the patient has learned one-legged balance and
demonstrates control in the jump-and-freeze exercise,
progress to having him or her hop up onto or down from
a step and holding the end position with that one leg
(Fig. 23.15 B).

Side Shuffle and “Freeze”
■  Have the patient perform two to three side shuffles and

hold the end position, then shuffle in the opposite direction
and “freeze” (Fig. 23.16).

■  Vary the pattern to include shuffling in multiple directions,
such as moving diagonally forward then backward or in a
curved pattern, freezing and then reversing the direction.

Run and “Freeze”
Have the patient run forward, sideways, and backwards and
“freeze” when you call out “freeze” or blow a whistle.

Exercises for Strength 
and Power

Muscle strength and power are two critical elements for suc-
cessful performance of many high-demand functional tasks
and activities, such as moving heavy objects in the workplace
and home or meeting the demands required for many sports.
Muscle endurance also is necessary when functional or recre-
ational tasks must be repeated or sustained over time. When
designing functional rehabilitation programs for patients,
recognize that some functional activities may involve slow,
controlled, or repetitive movements, while other activities
may require bursts of movement or quick changes of direction.

912 Exercises for Strength and Power

FIGURE 23.13 Maintaining balance in unilateral stance: (A) while bending forward at the hips and reaching out with both arms; and 
(B) while performing a windmill motion using handheld weights.

A B

FIGURE 23.14 Perturbations in unilateral stance using elastic re-
sistance while on a balance disc.
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In many cases, functional activities involve some combination
of these movement and force requirements and the patient
should be involved in defining their specific circumstances.
Once these functional activities are defined, an effective exer-
cise program can be developed that addresses the specific
areas of muscle performance associated with each patient’s
physically demanding activities.

The remainder of this chapter focuses on exercises designed
to improve muscle strength and/or power output—specifically,

advanced strengthening exercises for the upper and lower 
extremities, and plyometric exercises, which involve high force
movements performed at rapid speeds. All of the exercises 
described are built on the foundational constructs of dynamic
stability of proximal body regions (shoulder girdle, trunk,
pelvic girdle) and balance. Somewhat paradoxically, a program
of advanced strengthening exercises and plyometric training
also imposes significant demands on a patient’s balance 
and dynamic stability, which improves these areas of physical
function.10

CLINICAL TIP
When teaching a patient a program of advanced strengthen-
ing and plyometric exercises, always emphasize the patient’s
use of proper exercise technique before increasing the resist-
ance imposed, the number repetitions and sets of an exercise,
or the number of exercises in a treatment session.

Advanced Strengthening Exercises
As discussed in Chapter 6, progressive resistance is a necessary
element of exercises designed to develop muscle strength,
while increasing the duration of exercise (repetitions or time)
is necessary to develop muscle endurance. The strengthening
exercises in this section use functionally based and total body
movement patterns against the resistance of body weight or
external loads. They are implemented during the advanced
phase of rehabilitation in preparation for the patients return
to high-demand tasks and activities.
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FIGURE 23.15 Jump and freeze sequence and progression: 
(A) jumping down from a step and holding the end position and 
(B) hopping up onto a step and holding the end position.

A

B

FIGURE 23.16 Side shuffle and freeze.
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Many advanced strengthening exercises are carried out
using weight machines designed to target specific muscle
groups or by using a variety of set-ups with weight-pulley
systems and isokinetic equipment. However, the exercises 
in this section can be performed using simple but versatile 
resistance equipment, such as handheld weights or elastic
bands or tubing. Other exercises suggest using equipment
typically employed for cardiopulmonary training, such as 
a treadmill or stepping machine. Furthermore, some of the
exercises described can be progressed by performing the 
exercises on unstable surfaces such as balance equipment to
impose greater challenges.

Advanced Strengthening: Upper Extremities
The following upper extremity exercises, performed in either
weight-bearing or nonweight-bearing positions, are designed
to develop strength of selected upper extremity muscle
groups. However, advanced upper extremity strengthening
also requires activation of the trunk and lower extremity mus-
culature. Therefore, be sure that the patient has developed
sufficient scapular, shoulder girdle, and trunk stability plus
sufficient balance in upright positions before progressing to
these exercises.

Exercises With a BodyBlade®

■  Patient position and procedure: While sitting or standing,
have the patient hold and shake the blade with one or both
hands in a variety of shoulder positions with the elbow(s)
extended or flexed (Fig. 23.17 A and B). Vary the speed, 

direction, and size of oscillations used by the patient to alter
the perturbations generated by the blade.

■  Progression: Move the vibrating blade through a variety of
anatomical and diagonal upper extremity patterns. Incor-
porate trunk rotation and weight shifting on the lower 
extremities for a total body exercise.

Upper Extremity Weight-Bearing Exercises Using
Selected Equipment
■  Hand-walking on a treadmill: While kneeling at the end of

the treadmill, have the patient “walk” with his or her hands
while bearing weight through the shoulders. The surface
can be moving forward or backward.

■  “Climbing” with hands on a stepping machine: While in a
kneeling position and with each hand on a step of the unit,
have the patient alternately push on each pedal to target
scapular stabilizers and elbow extensors.

Pushing/Pulling and Lifting/Lowering Exercises
The following exercises involve various pushing and pulling
or lifting and lowering motions. They are useful for develop-
ing upper extremity strength for functional tasks that require
concentric and eccentric control of shoulder, elbow, and fore-
arm musculature in combined movement patterns for mov-
ing objects of varying sizes and weights from one place to
another. Depending on the size of the object to be moved, 
an exercise may be performed bilaterally or unilaterally. It is
important to remind the patient to use proper body mechan-
ics by maintaining a neutral spine and contracting the trunk 
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FIGURE 23.17 Exercises with a BodyBlade®: (A) bilateral isometric strengthening of shoulder rotators with additional activation of trunk 
stabilizers; and (B) unilateral isometric strengthening of elbow flexors/extensors.

A B
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stabilizing muscles during the task and by maintaining a sta-
ble base of support during each of these exercises.

■  Pushing or pulling motions
■ Perform pushing and pulling motions against the resist-

ance of an elastic band by moving the upper extremities
in forward, backward, upward, and downward directions.

■ Using an upper extremity ergometer, perform pushing
or pulling motions, “pedaling” against resistance in a for-
ward or backward direction. Adjust the direction, speed,
and arc of motion to replicate various functional tasks.

■ Reposition a heavy crate on a level surface by pulling
(Fig. 23.18) or pushing (see Fig. 18.21) it from one place
to another.

■  Lifting or lowering motions
■ Lift a weighted crate from the surface of a table, hold it

close to the body, and lower it to a different position on
the table.

■ Lift and lower a heavy object to and/or from high and
low surfaces (Fig. 23.19).

Seated Push-Ups on Unstable Surfaces  
VIDEO 23.5
■  Patient position and procedure: While in a long-sitting 

position on the floor with heels placed on a firm foam
roller or BOSU®, have the patient lift the hips from the floor
by performing a seated push-up (Fig. 23.20 A).

■  Patient position and procedure: Have the patient sit on a
firm foam roller, the flat side of a BOSU®, or a balance
board with legs on the floor and hands on the unstable sur-
face at either side of the hips and lift the hips upward by
performing a seated push-up (Fig. 23.20 B). Progress by in-
creasing the time spent with the hips lifted or by raising
one leg off the support surface.
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FIGURE 23.18 Strengthening shoulder and elbow musculature by
pulling (sliding) a heavy object from one position to another.

FIGURE 23.19 Strengthening shoulder and elbow musculature by
lifting or lowering a heavy object to and from a high surface.

FIGURE 23.20 Seated push-ups in a long-sitting position (A) with
lower legs on an unstable (soft) surface; and (B) with hands on an
unstable surface.

Prone Push-Ups in a Head-Down Position
Patient position and procedure: Once the patient can per-
form a prone push-up with hands and feet on the floor,
progress to a prone push-up in a head-down position on 
an incline board, over a therapy ball, or on the floor with feet
elevated on a platform to shift greater body weight to the
upper extremities (Fig. 23.21).

A

B
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Upper Extremity Step-Ups Combined With Prone
Push-Ups  VIDEO 23.5
Patient position and procedure: Have the patient perform
a prone push-up with both hands on the floor. While main-
taining the push-up position, move one hand up onto and
then off of a low platform (Fig. 23.22). Repeat the sequence,
gradually increasing the number of repetitions. This exercise
increases the weight-bearing force on the extremity that 
remains on the floor.

Prone Push-Ups on Unstable Surfaces
■  Patient position and procedure: Have the patient perform a

series of push-ups with hands on the floor and knees on a
foam roller (Fig. 23.23 A).

■  Patient position and procedure: Have the patient perform a
series of push-ups with hands on a foam roller or small ball
and knees or feet on the floor (Fig. 23.23 B).

■  Patient position and procedure: Have the patient perform a
series of push-ups with hands on a balance board, BOSU®,
or small ball and knees on a foam roller (Fig. 23.23 C).

Ball “Walk-Out”  VIDEO 23.5
■  Patient position and procedure: In a prone position with

hands on the floor and lower extremities on a large therapy
ball, have the patient “walk” forward and then backward
on the hands while keeping the lower extremities in contact
with the ball (Fig. 23.24). To increase the challenge, per-
form prone push-ups between the forward and backward
“walking” phases.
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FIGURE 23.21 Prone push-ups in a head-down position.

FIGURE 23.22 Upper extremity step-up with the right upper 
extremity following a prone push-up.

FIGURE 23.23 Prone push-ups on unstable surfaces: (A) with
hands on the floor and knees on a foam roller; (B) with hands on 
a small ball and feet on the floor; and (C) with hands on a BOSU®

and knees on a foam roller.

A

B

C
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Plantar-Grade “Walking”
Plantar-grade walking with weight on hands and feet (also 
referred to as “bear-walking”) places considerable weight
through the upper extremities and can be used to develop
strength of the musculature that stabilizes the scapulothoracic
and glenohumeral joints.

■  Patient position and procedure: Have the patient assume the
plantar-grade position on hands and feet and “walk” for-
ward bearing weight through all four limbs.

■  Progression: Perform plantar-grade “walking” against the
resistance of an elastic cord harnessed around the pelvis
and fixed to the wall or to a heavy piece of equipment.

Advanced Strengthening: Lower Extremities  
VIDEO 23.6
The following exercises, some of which are progressions of
exercises described in Chapters 20 through 22, are performed
in functional movement patterns against progressive resist-
ance and are implemented to develop increased lower extrem-
ity strength. Many of these exercises also improve dynamic
stability of the trunk and balance.

Unilateral Supine Pelvic Bridges
Patient position and procedure: With one foot planted on
the floor and the other extremity off the floor in either
hip/knee flexion or hip flexion and knee extension, have the
patient lift and lower the pelvis first against body weight and
then while holding a weighted ball in both hands. Increase the
challenge by planting the weight-bearing foot on an unstable
surface, such as a BOSU® or small balance disk (Fig. 23.25).

Supine Pelvic Bridges on an Elevated Surface
■  Patient position and procedure: While on the floor in a long-

sitting position with both feet on a chair, platform, or a
large therapy ball and hands on the floor, have the patient
extend the hips, lifting them from the floor (Fig. 23.26).

■  Progression: Lift the hips from the floor with just one foot
placed on the chair or platform and the other leg flexed to-
ward the chest.

Supine Hamstring Curls on a Ball  VIDEO 23.6
■  Patient position and procedure: While lying in the supine

position on the floor, have the patient place both feet on a
large therapy ball and roll it toward the hips by flexing the
knees (Fig. 23.27). In addition to strengthening the ham-
strings, this exercise also challenges the trunk stabilizers.

■  Progression: Have the patient perform the exercise unilat-
erally by lifting one foot off the ball and rolling the ball 
toward the hips with just one foot on the ball.

Hamstrings or Quadriceps Strengthening: Kneeling
■  Patient position and procedure: Have the patient begin in a

high-kneeling position on a padded surface for comfort.
■  To strengthen the hamstrings: While manually stabilizing

the patient’s lower legs, have the patient lean forward from
the vertical position as far as possible (Fig. 23.28 A), keep-
ing the trunk erect and maintaining balance, and then 
return to the upright position by flexing the knees. In 
addition to strengthening the hamstrings eccentrically
and concentrically in a closed-chain position, this exercise
provides a significant challenge to the patient’s balance.
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FIGURE 23.24 Ball “walk-out” on hands with lower extremities
rolling on a large therapy ball.

FIGURE 23.25 Unilateral supine pelvic bridge on an unstable surface
while holding a weighted ball in both hands for additional resistance.

FIGURE 23.26 Supine pelvic bridge with the lower extremities 
elevated on a platform or chair and hands on the floor.
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■   To strengthen the quadriceps: Have the patient lean backward
as far as possible from the upright position without touching
the buttocks to the heels and then return to the high-kneeling
position. As the patient leans backward, the quadriceps con-
tract eccentrically to control movement at the knees and then
concentrically as the patient returns to the vertical position.

■  Progression: Add a weight held close to the chest for addi-
tional resistance (Fig. 23.28 B).

Unilateral Wall Slides: Standing
■  Patient position and procedure: While in unilateral stance

with the back against a wall and weight-bearing foot several
feet away from the wall, have the patient slide down the wall
until the knee is flexed to 90° (Fig. 23.29), making sure the
knee avoids valgus and stays posterior to the toes. Hold 
the position, and then return to a standing position. This
exercise strengthens the hip and knee extensors eccentri-
cally and concentrically.

■  Progression: Hold weights in both hands for additional 
resistance. Gradually increase the number of repetitions
and/or the duration that the 90° position is held. Increase
the challenge by placing a large therapy ball behind the
back for these exercises.

Deep Squats
■   Patient position and procedure: In bilateral stance with feet a

comfortable distance apart, have the patient perform a deep
squat by flexing the hips and knees (Fig. 23.30). Keep body
weight distributed posteriorly through the heels, and be sure
to keep the lower legs as vertical as possible to the floor so
that the knees do not move anterior to the toes. Hold the deep
squat position, and then return to the standing position. Have
the patient hold both arms out in front of the body for bal-
ance or place one hand lightly on a countertop, if necessary.

■   Progression: Perform repeated deep squats while holding
weights or by combining squats with resisted upper extremity
motions. This activity is beneficial for developing body
mechanics in individuals who do heavy lifting in the work
setting.
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FIGURE 23.27 Supine hamstring curls on a ball.

FIGURE 23.28 (A) Strengthening the hamstrings against the 
resistance of body weight by leaning forward from a high-kneeling
position; (B) strengthening the quadriceps by leaning backward
from the high-kneeling position while holding a weighted ball for 
additional resistance.

FIGURE 23.29 Unilateral wall slides in standing with a midrange hold.

A

B
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Variations of Lunges  VIDEO 23.6
■  Deep forward lunge: While maintaining the trunk in an

erect position, have the patient place one foot forward
and perform a deep lunge, flexing the forward knee to a 
90° position but keeping the lower leg vertical and the knee
posterior to the toes (Fig. 23.31 A); then return to the
standing position. Place one hand lightly on a stable surface
(wall, countertop) for balance, if necessary.
■ As balance improves, have the patient perform deep 

forward lunges while holding a weighted ball away from
the chest and performing trunk rotation.

■ Place the forward foot on an unstable surface, such 
as a balance disk, while performing the forward lunge
exercise.

 FOCUS ON EVIDENCE
Although the forward lunge exercise typically is performed
with the trunk erect, there is evidence demonstrating that
changing the position of the trunk and upper extremities 
alters the recruitment of muscle groups in the lead lower 
extremity during the lunge. Farrokhi and colleagues9 con-
ducted a motion analysis and electromyographic (EMG)
study of the lead lower extremity during variations of the for-
ward lunge exercise with ten healthy adults (five men, five
women) as subjects. The investigators found that there was 
a small but statistically significant increase in hip extensor
muscle (gluteus maximus and biceps femoris) recruitment of
the lead leg when forward lunges were performed with the
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FIGURE 23.30 Deep squats with an end-range hold, while trying to
keep the knees posterior to the toes.

FIGURE 23.31 (A) Deep forward lunge while lightly touching a
stable surface for balance; (B) multidirectional lunges on a star
pattern on the floor; and (C) deep lateral lunge against elastic 
resistance.

A

B

C
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trunk and upper extremities in a forward position compared
with when the trunk was erect and upper extremities were 
positioned along the sides of the trunk. These findings con-
firmed a previously held clinical assumption. In contrast, despite
clinical speculation that knee extensor muscle activation may
increase in the lead leg if forward lunges are performed with the
arms overhead and trunk in full extension, the results of this
study revealed that there were no significant differences in
the levels of activation of hip or knee extensor muscle groups
compared with lunges performed in the erect trunk position.

■  Multidirectional lunges: Have the patient perform lunges
diagonally forward, out to the side, diagonally backward,
and then directly backward. This sequence is facilitated by
placing four intersecting lines on the floor (in a star pattern
or like spokes of a wheel) and having the patient keep one
foot planted where the lines intersect. The patient steps 
out onto each line (Fig. 23.31 B) and returns to the upright
position. Motion in the same direction can be repeated
multiple times before progressing to the next line, or the
patient can step out onto each line in succession.

■   Lunges against added resistance: Increase the difficulty of the
exercise by performing lunges against elastic resistance looped
around the lower legs (Fig. 23.31 C) or holding weights or a
weighted ball, wearing a weight belt, or holding a barbell on
the shoulders. Controlling weights while performing lunges
is beneficial for developing strength for individuals returning
to work settings that require heavy lifting.

■  Lunge-walking: Perform a series of lunges in various direc-
tions to move across the floor or to pick up objects of 
decreasing height (e.g., 16 to 4 in.) from various places on
the floor.

■  Lunge-jumps: Refer to the description and figure (see 
Fig. 23.63) in the next section on plyometric training.

Sitting Down and Standing Up From a Chair
Against Elastic Resistance
■  Patient position and procedure: Have the patient sit down

against the resistance of an elastic band looped around the
posterior aspect of the pelvis (Fig. 23.32 A).

■  Patient position and procedure: Have the patient stand up
against elastic resistance looped around the anterior aspect
of the pelvis (Fig. 23.32 B).

Bilateral or Unilateral Heel-Lowering Over a Step
■  Patient position and procedure: While standing with heels

over the edge of a step or low platform, have the patient
perform bilateral heel lowering and raising. Place one hand
lightly on a railing or a stable surface for balance. Heel
lowering imposes eccentric loading of the gastrocnemius-
soleus musculature against the resistance of body weight.

■  Progression: Perform the same exercise while wearing a
weight belt or vest or holding weights (Fig. 23.33), then
progress to unilateral stance.

Band Walking
■  Patient position and procedure: Have the patient walk for-

ward (Fig. 23.34 A), sideward (Fig. 23.34 B), and backward
against elastic resistance looped around the pelvis.
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FIGURE 23.32 (A) Sitting down; and (B) standing up against elastic
resistance.

B

A

FIGURE 23.33 Heel-lowering over a step while holding weights for
additional resistance.
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■  Patient position and procedure: Have the patient walk for-
ward against elastic resistance looped around the thighs
for closed-chain strengthening of the external rotators
(Fig. 23.35).

Pulling or Pushing a Heavy Object
■  Patient position and procedure: With the arms positioned

in a stable and comfortable position, have the patient use
primarily lower extremity strength to pull (Fig. 23.36) or
push a heavy object, such as a weighted sled or cart, across
the floor. Select positions for pulling or pushing similar 
to the anticipated work-related tasks or sport activity. Be
certain the patient uses proper body mechanics.

■  Progression: Gradually increase the amount of weight
moved from one place to another.

Resisted Running Start and Resisted Running
Patient position and procedure: While wearing a harness
placed around the trunk and pelvis, have the patient move
from the starting position typically assumed prior to a
sprint and then run forward against the resistance of a
heavy-grade elastic cord that is attached to the harness and
affixed to the wall or a stationary surface (Fig. 23.37). As an
alternative, the patient can perform backward running
against resistance.
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FIGURE 23.34 Band walking: (A) in a forward direction; and (B) in
a sideward direction against elastic resistance looped around the
pelvis.

B

A

FIGURE 23.35 Band walking in a forward direction against elastic
resistance looped around the thighs for closed-chain strengthening
of the hip external rotators.

FIGURE 23.36 Pulling increasingly heavy objects across the floor.

Plyometric Training: Stretch-
Shortening Drills
Most pieces of equipment used for resistance training, such as
free weights, weight machines, or weight-pulley systems, are
designed for developing advanced levels of strength by provid-
ing resistance during slow, controlled movements. However,
functional movements during high-demand occupational or
sport-related activities often require reactive bursts of force 
or power that are not developed concurrently during most
strength-building exercises. A program of high-intensity, high-
velocity exercises, known as plyometric training, not only im-
proves muscle strength, but also develops power output, quick
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neuromuscular reactions, and coordination.5,6,13 This form of
exercise is also recommended to improve athletic performance
and reduce the risk of musculoskeletal injury.5,6,8,11,19

Plyometric training typically is integrated into the ad-
vanced phase of rehabilitation to train the neuromuscular 
system to react quickly in preparation for rapid starting and
stopping movements or quick changes of direction. This form
of training is appropriate only for carefully selected patients
who wish to return to high-demand functional activities and
sports.

Definitions and Characteristics
Plyometric training,5,13,16 also called stretch-shortening drills19

or stretch-strengthening drills,17 employs high-velocity eccen-
tric to concentric muscle loading, reflexive reactions, and

functional movement patterns. Plyometric training is defined
as a system of high-velocity resistance training characterized
by a rapid, resisted, eccentric (lengthening) muscle contrac-
tion, followed immediately by a rapid reversal of movement
using a resisted concentric (shortening) contraction of the
same muscle.13,18,19 The rapid eccentric loading phase is the
stretch cycle, and the concentric phase is the shortening cycle.
The period of time between the stretch and shortening cycles
is known as the amortization phase. During the amortization
phase, the muscle reverses its action, switching from deceler-
ation to acceleration of the load. It is important that the
amortization phase be kept very brief by a rapid reversal of
movements to capitalize on the increased tension in the
muscle.6

Body weight or external forms of loading, such as elastic
bands or a weighted ball, are possible sources of resistance.
An example of a stretch-shortening drill for the lower extrem-
ities against the resistance of body weight is represented in
Figure 23.38. Additional examples of plyometric training for
the upper and lower extremities are noted in Box 23.1.

Neurological and Biomechanical Influences
Plyometric training is thought to utilize the series-elastic
properties of connective tissues and the stretch reflex of the
neuromuscular unit. The spring-like properties of the series-
elastic components of muscle-tendon units create elastic 
energy during the initial stretch phase as the muscle contracts
eccentrically and lengthens under tension. This elastic energy
is stored briefly and then returned to the system during the
concentric contraction that follows. The storage and release
of this elastic energy augments the force production of the
concentric muscle contraction.1,5,13,16
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FIGURE 23.37 Resisted running start.

FIGURE 23.38 Plyometric lower extremity sequence against the resistance of body weight: (A) patient stands on a low platform; (B) jumps off
the platform to the floor, controlling the impact with a loaded, lengthening contraction of the hip and knee extensors and plantar flexors—the
stretch phase; and (C) then without delay jumps forward onto the next platform using a concentric contraction of the same muscle groups—
the shortening phase.

A B C
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The stretch-shortening cycle is thought to stimulate the
proprioceptors of muscles, tendons, ligaments, and joints; 
increase the excitability of the neuromuscular receptors; and
improve the reactivity of the neuromuscular system. There-
fore, the term reactive neuromuscular training also has been
used to describe this exercise approach. More specifically, 
the loaded, eccentric contraction is thought to prepare the
contractile elements of the muscle for the concentric contrac-
tion by stimulation and activation of the monosynaptic
stretch reflex.5,7,16 Muscle spindles, the receptors that lie in
parallel with muscle fibers, sense the length of a muscle and
the velocity of stretch applied to a muscle and transmit this
information to the CNS via afferent pathways. Efferent signals
are returned to the muscle from the CNS, which reflexively
facilitates activation of a shortening contraction.3,12 Based on
this mechanism, the more rapid the eccentric muscle contrac-
tion, the more likely it is that the stretch reflex will be acti-
vated and the concentric contraction enhanced.

It is suggested that the ability to capture the stored elastic 
energy and activate neural facilitation depends on the velocity
and magnitude of the stretch and the transition time between
the stretch and shortening phases (the amortization phase).4,13

A decrease in the duration of the amortization phase theo-
retically increases the force output during the shortening
cycle.1,5,16,18

Effects of Plyometric Training
The evidence supporting the effectiveness of plyometric train-
ing for developing muscle strength and power is substantial.13

There is also evidence indicating that plyometric training is
associated with an increase in a muscle’s ability to resist stretch,
which may enhance the muscle’s dynamic restraint capabili-
ties.1 In addition, there is promising evidence to suggest that
plyometric training may enhance physical performance2,11 and
decrease the incidence of lower extremity injury.14,15

 FOCUS ON EVIDENCE
The results of a recent systematic review and meta-analysis of
the literature support the conclusions of many previous stud-
ies that plyometric training is an effective method to improve
muscle strength and power. Greatest gains in strength have
been shown to occur when plyometric training was combined
with progressive weight training. The review also indicated
that plyometric training is beneficial for individuals with
moderately low as well as high fitness levels prior to the start
of training.13

Studies also have investigated the impact of plyometric
training on performance of selected upper and lower extrem-
ity activities. Carter and colleagues2 carried out a prospective
study of the effect of a plyometric program on throwing 
velocity in a group of intercollegiate baseball players. Follow-
ing pre-testing of throwing velocity and isokinetic strength
of the shoulder rotators, participants were randomly assigned
to either the plyometric training group (n = 13) or the control
group (n = 11). Both groups participated in an off-season
strength and conditioning program that included exercises
with elastic resistance for the shoulder rotators, but only the
experimental group performed a program of six plyometric
exercises with a weighted ball for the upper extremities twice
weekly for 8 weeks. At the conclusion of the program, the
throwing velocity of the plyometric group increased signifi-
cantly compared with the control group, but there continued
to be no significant differences in shoulder strength between
groups. The investigators concluded that a combined pro-
gram of strengthening exercises and plyometric training is 
superior for improving throwing velocity than strengthening
exercises alone.

In a prospective study by Hewett,11 two groups of high
school-aged female athletes were monitored during a season
of participation in one of three sports (soccer, volleyball,
and basketball). One group (n = 366) participated in a 
6-week preseason training program, whereas the other
group (n = 463) did not. The preseason training focused 
on jumping and landing techniques. At the end of the sport
season, there was a significantly higher incidence (3.6 times
higher) of knee injury in the untrained group than in the
trained group. The investigators concluded that preseason
plyometric training may reduce the risk of knee injury in 
female athletes, possibly owing to increased dynamic knee
stability.
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BOX 23.1 Plyometric Activities for the Upper
and Lower Extremities

Upper Extremities
■ Catching and throwing a weighted ball with a partner or

against a wall, bilaterally then unilaterally
■ Stretch-shortening drills with elastic tubing using

anatomical and diagonal motions
■ Swinging a weighted object (ball, golf club, bat)
■ Dribbling a ball on the floor or against a wall
■ Push-offs from a wall or countertop while standing
■ Drop push-ups from a low platform to the floor and back

onto the platform
■ Clap push-ups

Lower Extremities
■ Repetitive jumping on the floor: in place; forward/backward;

side-to-side; diagonally to four corners; jump with rotation;
zigzag jumping; later, jump on foam

■ Vertical jumps and reaches and proper landing
■ Multiple jumps across a floor (bounding)
■ Box jumps: initially off and freeze, then off and back on box,

increasing speed and height
■ Side-to-side jumps (box to floor to box)
■ Jumping over objects on the floor
■ Hopping activities: in place, across a surface, and over

objects on the floor
■ Depth jumps (advanced): jumping from a box, squatting to

absorb the shock, and then jumping and reaching as high
as possible
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Application and Progression of Plyometric
Exercises
Plyometric training is appropriate only in the advanced
phases of rehabilitation for carefully selected, active individ-
uals who must achieve a high level of physical performance
during specific, high-demand activities.

CONTRAINDICATIONS: Plyometric activities should not be
implemented in the presence of inflammation, pain, or signifi-
cant joint instability.4,6

Preparation for plyometrics. Prior to initiating plyometric
training, the patient should have an adequate base of muscle
strength and endurance, as well as flexibility in the muscles
to be exercised.6 Criteria that should be met to begin plyo-
metric training usually include an 80% to 85% level of
strength of the involved muscle groups (compared to the con-
tralateral extremity) and 90% to 95% pain-free ROM of the
moving joints.5 Sufficient strength and stability of proximal
regions of the body (trunk and limb) for balance and postural
control are also necessary. For example, scapulothoracic sta-
bility with the absence of scapular winging is necessary before
engaging in a progression of advanced push-ups.

Specificity of training. A plyometric exercise should be 
designed with specific functional activities in mind and should
include movement patterns that replicate the desired activity.

Progression and parameters. When planning and imple-
menting a plyometric training program, exercises should be
sequenced from easy to difficult and progressed gradually.
Box 23.2 summarizes a sequence of sample activities for
upper extremity plyometric training.2,5,16,18,19 Programs
should also be individually designed to meet each patient’s
needs and goals. Note that prior to initiating each session of
plyometric activities, a series of warm-up exercises should 
be performed to reduce the risk of injury to the contracting
muscle groups.

The following parameters should be considered when pro-
gressing a plyometric program:

■  Speed. Exercises should be performed rapidly but safely.
The rate of stretch of the contracting muscle is more im-
portant than the amount of stretch.13,16 Emphasis should
be placed on decreasing the amortization phase when tran-
sitioning from the eccentric to the concentric contraction.
This trains the muscle to generate tension in the shortest
time possible. If a jumping activity is performed, for exam-
ple, progression of the plyometric activity should center on
reducing the time on the ground between each jump.

■  Intensity. Resistance should be increased gradually so 
as not to slow down the activity. Methods for increasing
external resistance include using a weight belt or vest,
heavier weighted balls, or heavier grade elastic resistance; 
progressing from double-leg to single-leg activities; and 
increasing the height of platforms for jumping and hop-
ping activities. Intensity also may be increased by progress-
ing from simple to complex movements.

■  Repetitions, frequency, and duration. The number of rep-
etitions of an activity should be increased as long as proper
exercise technique is maintained by the patient. The num-
ber of plyometric exercises in a single session also is in-
creased gradually, working up to perhaps six different 
activities.2 The optimal frequency of plyometric sessions 
is two sessions per week, which allows a 48- to 72-hour 
recovery period between sessions.5,13,16 Maximum training
benefits typically occur within an 8- to 10-week duration.13

Precautions. Because of the emphasis on eccentric loading
and rapid reversal to concentric muscle contractions, the
potential for tissue damage is increased with plyometric 
activities. As with other forms of high-intensity resistance
training, special precautions must be followed to ensure 
patient safety.5,6,16 These precautions are listed in Box 23.3.

Plyometric Exercises: Upper Extremities
Plyometric exercises for the upper extremities can be per-
formed in a variety of nonweight-bearing and weight-bearing
positions, using motions and resistance that target a muscle
group or using combined movement patterns that involve
multiple muscle groups throughout the entire upper ex-
tremity.2,4,6,8,19 Many combined patterns used in plyometric
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BOX 23.2 Sample Plyometric Sequence 
for the Upper Extremities

Warm-Up Activities
■ Trunk exercises holding lightweight ball: rotation, side-

bending, and chopping motions
■ Upper extremity exercises in anatomical and diagonal

planes of motion with light-grade elastic tubing
■ Prone push-ups

For each of the following plyometric activities, perform a
quick reversal between the eccentric and concentric phases.

■ Bilateral throwing motions with a weighted ball to and from
an exercise partner: bilateral chest press, bilateral overhead
throw, and bilateral side throw

■ ER/IR against elastic tubing (first with the arm positioned
slightly away from the side of the trunk in some shoulder
abduction and then in the 90/90 position of shoulder and
elbow)

■ Diagonal patterns against elastic resistance
■ Unilateral catching/throwing motions with a weighted ball:

side throws→overhead throws→baseball throws

Additional Exercises
■ Trunk exercises holding weighted ball: abdominal curl-ups,

back extension, sit-up and bilateral throw, and long sitting
throws

■ Push-offs from a wall or countertop while in a standing
position

■ Clap push-ups
■ Drop push-ups: prone push-ups from platform to floor and

back to platform
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activities incorporate trunk stability and balance into the
movement sequence and often simulate desired functional
motor skills that occur during work or recreational activities.

A variety of plyometric exercises for the upper extremities
that could be incorporated into the final phase of rehabilita-
tion as a component of advanced functional training are 
presented in this section.

Bilateral Diagonal Upper Extremity Movements
Patient position and procedure: While standing and
holding a weighted ball with both hands, have the patient
perform diagonal patterns (D1 or D2) with a quick transi-
tion from the flexion to extension patterns. Incorporate
trunk rotation into the movement patterns. These exercises
also develop dynamic stability of the trunk rotators and
lower extremities.

Bilateral Chest Press and Throw: Supine
Patient position and procedure: Supine with both hands
reaching toward the ceiling. Have the patient catch a weighted
ball dropped from above by the therapist (Fig. 23.39), control
and lower it to the chest (eccentric phase), and then quickly
throw it vertically back to the therapist. As the ball moves 
toward the chest, shoulder flexors and elbow extensors are
loaded eccentrically.

Bilateral Chest Press and Throw: Standing
Patient position and procedure: While standing and with
feet placed in a stride position for balance, have the patient
catch a weighted ball with both hands, bringing it to the chest
(eccentric phase) (Fig. 23.40), and then throw it back to the
therapist or onto a rebounder (concentric phase).

Bilateral Overhead Catch and Throw
Patient position and procedure: While standing and with
feet placed in a stride position for balance, have the patient
use both hands to catch a weighted ball thrown over the head,
controlling the momentum of the ball with shoulder and
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BOX 23.3 Precautions for Plyometric Training

■ If high-stress, shock-absorbing activities are not permissible,
do not incorporate plyometric training into a patient’s
rehabilitation program.

■ If a decision is made to include plyometric activities in a
rehabilitation program for children or elderly patients,
select only beginning-level stretch-shortening drills against
light resistance. Do not include high-impact, heavy-load
activities—such as drop jumps or weighted jumps—that
could place excessive stress on joints.

■ Be sure the patient has adequate flexibility and strength
before initiating plyometric exercises.

■ Wear shoes that provide support for lower extremity
plyometrics.

■ Always warm-up prior to plyometric training with a series
of active, dynamic trunk and extremity exercises.

■ During jumping activities, emphasize learning techniques
for a safe landing before progressing to rebounding.

■ Progress repetitions of an exercise before increasing the
level of resistance used or the height or length of jumps.

■ For high-level athletes who progress to high-intensity
plyometric drills, increase the rest intervals between sets
and decrease the frequency of drills as the intensity of the
drills increases.

■ Allow adequate time for recovery with 48 to 72 hours
between sessions of plyometric activities.

■ Stop an exercise if a patient can no longer perform the
plyometric activity with good form and landing technique
because of fatigue.

FIGURE 23.39 Bilateral chest press and throw—supine.

FIGURE 23.40 Bilateral chest press and throw—standing.
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elbow musculature (eccentric phase), and then throw the ball
back quickly to the therapist or onto a rebounder (concentric
phase) (Fig. 23.41). This exercise targets the shoulder and
elbow extensors.

extended, and forearms supinated (palms facing upward),
have the patient throw a bean bag or weighted ball over the
head with one upper extremity and catch it with the opposite
hand, controlling the weight of the ball with that shoulder
(eccentric phase). Then throw the ball back to the other hand
by abducting the shoulder (concentric phase). Repeat the 
sequence as if juggling the ball overhead (Fig. 23.43). This 
exercises targets the shoulder abductors.

Unilateral Plyometric Shoulder Exercises Using
Elastic Resistance
Plyometric activities using elastic resistance can be set up to
target individual or multiple muscle groups depending on the
patient’s position, the line of pull of the elastic, and which
joints are moving during the exercise. (Refer to Chapter 6 to
review the principles of use of elastic resistance products.)
Set-ups for the shoulder rotators are described here.

■  Patient position and procedure: To target the external 
rotators of the shoulder, have the patient stand facing a 
wall or doorframe and grasp one end of a length of elastic
tubing or band attached to the wall at eye level. Begin with
the shoulder and elbow in the 90/90 position (shoulder 
abducted 90° and in full external rotation and the elbow
flexed 90°) (Fig. 23.44). Have the patient release the exter-
nally rotated position, controlling movement into internal
rotation (eccentric phase), and then quickly reverse the
motion by moving the shoulder into external rotation
(concentric phase). The elastic should remain taut
throughout the exercise.

■   Patient position and procedure: To target the internal rotators
of the shoulder, have the patient stand facing away from
the doorframe or wall to which the elastic resistance is 
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FIGURE 23.42 Bilateral side throw and catch using horizontal 
abduction and adduction of the shoulders and trunk rotation.

FIGURE 23.41 Bilateral overhead catch and throw.

Bilateral Horizontal Side Throw and Catch
VIDEO 23.7
Patient position and procedure: While standing with one
side of the body about 10 feet away from a rebounder, have
the patient hold a weighted ball in both hands with arms 
positioned across the chest and then throw the ball toward
the rebounder by rotating the trunk and moving the arms
across the chest in the transverse plane. The patient then
catches the ball as it bounces back from the rebounder, con-
trolling the momentum of the ball by allowing the arms to
move back across the chest and rotating the trunk (eccentric
phase). The patient then throws the ball back to the rebounder
by reversing the movements of the arms and trunk (concen-
tric phase) (Fig. 23.42). This exercise targets the horizontal
abductors and adductors of the shoulder and trunk rotators.
If a rebounder is not available, the exercise can be performed
with a therapist or exercise partner.

Hand-To-Hand Overhead Catch and Throw
Patient position and procedure: While standing or kneeling
with both upper extremities elevated to about 120° (aligned
just anterior to the frontal plane of the trunk), elbows 
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attached. Begin with tension on the elastic while the shoul-
der is in 90° abduction and full internal rotation, and
control movement of the shoulder into external rotation
(eccentric phase), then quickly return to internal rotation
(concentric phase).

Bounce a Weighted Ball: Prone-Lying
Patient position and procedure: While lying prone on a
table with the scapula retracted and the upper arm supported
on the table, position the shoulder in 90° abduction and 
external rotation and the elbow in 90° flexion. Have the patient

bounce a weighted ball on the floor by internally rotating the
shoulder; catch it, moving the shoulder back into external ro-
tation under control (eccentric phase); and quickly bounce it
again by internally rotating the shoulder (concentric phase)
(Fig. 23.45). This exercise targets the shoulder internal rotators.

Unilateral Side Catch and Throw
These exercises target the internal rotators of shoulder.

■  Patient position and procedure: While standing in the stride
position and with the shoulder positioned in some degree
of abduction (upper arm slightly away from the trunk),
have the patient face the therapist, catch a weighted ball
thrown to one side by the therapist, allowing the shoulder
to externally rotate to control the momentum of the ball
(eccentric phase) (Fig. 23.46 A), and return the ball using
primarily shoulder internal rotation (concentric phase). If
a rebounder is available, the patient can perform the exer-
cise independently.

■  Patient position and procedure: While standing in the stride
position and with the shoulder abducted and externally 
rotated and the elbow flexed, have the patient catch and
throw a weighted ball using shoulder rotation (a simu-
lated baseball throw) (Fig. 23.46 B). Incorporate trunk 
rotation in the backward and forward motion of the
shoulder.  VIDEO 23.7

Unilateral Reverse Catch and Throw
This exercise primarily targets the external rotators of the
shoulder in the end-range.

Patient position and procedure: Have the patient assume
a half-kneeling position, facing away from the therapist, with
the involved shoulder abducted 90° and externally rotated, the
elbow flexed to 90°, and the forearm pronated (palm facing
therapist). Instruct the patient to look at the hand and catch
a soft, lightweight object (ball or bean bag) thrown toward
the hand by the therapist; control the momentum of the 
object by allowing the shoulder to move into internal rotation;
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FIGURE 23.43 Hand-to-hand overhead catch and throw.

FIGURE 23.45 Unilateral plyometric exercise for the shoulder 
internal rotators—bounce a weighted ball in the prone-lying position.

FIGURE 23.44 Unilateral plyometric exercise for the shoulder 
external rotators using elastic resistance.
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and then quickly throw the object back to the therapist by 
externally rotating the shoulder (Fig. 23.47 A, B, and C).

Throw and Catch With Elbow Action
■  Patient position and procedure: While in a standing position

and with the arm positioned along the side of the trunk,
have the patient throw a weighted ball into the air with one
hand, using primarily elbow flexion; catch it, allowing the
elbow to extend with control (eccentric phase); and then
quickly throw it into the air again (concentric phase) (Fig.
23.48). This exercise targets the elbow flexors.

■  Patient position and procedure: While standing and with
one or both arms positioned overhead, have the patient
catch a weighted ball and return it to the therapist or to 
a rebounder using primarily elbow action. This exercise
targets the elbow extensors and can be done bilaterally or
unilaterally.

Unilateral Throw and Catch With Wrist Action
Patient position and procedure: While seated, have the 
patient stabilize the elbow on the thigh in about 90° flexion,
and with the forearm supinated, toss a weighted ball or bean
bag into the air using primarily wrist flexion; catch it, allowing
the wrist to extend under control (eccentric phases); and then
quickly toss it into the air again (concentric phase) (Fig. 23.49).
This exercise targets the wrist flexors.
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FIGURE 23.46 Unilateral plyometric exercise for the shoulder inter-
nal rotators: (A) side catch and throw; and (B) a simulated baseball
throw with the shoulder abducted to 90° and elbow flexed.

B

A

FIGURE 23.47 Unilateral plyometric exercise for the shoulder 
external rotators—reverse catch and throw: The patient (A) catches 
a soft, lightweight object with the shoulder abducted and externally
rotated and the elbow flexed; (B) allows the shoulder to internally 
rotate with control; and (C) externally rotates the shoulder to throw
the object back to the therapist.

Simulated Sport Activities
■  Dribble a weighted ball or basketball against a wall 

(Fig. 23.50) or on the floor using either elbow or wrist
actions. This activity targets either the elbow extensors
or wrist flexors.

■  Bounce a tennis ball or racquetball into the air or onto the
floor (forearm supinated or pronated, respectively) with a
short-handled racquet, progressing to a long-handled 
racquet. These activities emphasize the wrist flexors. In

B

A

C
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contrast, bouncing a ball into the air with the forearm
pronated emphasizes the wrist extensors (Fig. 23.51).

■  Swing a weighted golf club (Fig. 23.52) or baseball bat. 
The backward motion followed by a rapid reversal forward
provides the plyometric stimulus.

Upper Extremity Weight-Bearing Movements 
on a Slide Board
Use of a slide board, such as a ProFitterTM, provides an 
unstable, moving surface for performing shoulder exercises
that require quick changes of direction combined with weight
bearing through the upper extremities.

■  Patient position and procedure: Have the patient place both
hands on a spring-loaded slide board while kneeling
along one side of the equipment. Shift the arms side-to-
side from the shoulders (Fig. 23.53), gradually increasing
the speed of the shoulder movements and changes of 
direction.
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FIGURE 23.48 Unilateral plyometric exercise targeting the elbow
flexors.

FIGURE 23.50 Dribble a ball against the wall to target the wrist
flexors.

FIGURE 23.51 Using a short-handled racquet, bounce a ball into
the air with the forearm pronated to target the wrist extensors.

FIGURE 23.49 Unilateral plyometric exercise targeting the wrist
flexors.
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■  Patient position and procedure: Have the patient kneel at
one end of the slide board and move the arms forward and
backward from the shoulders.

■  Progression: Perform the same movements while kneeling
and bearing weight on one hand.

Push-Offs From a Wall
■  Patient position and procedure: While the patient is standing

several feet away from a wall (or countertop), gently push
the patient directly forward toward the wall. Instruct the
patient to catch himself/herself with equal weight on both

hands, allowing the elbows to flex under control (eccentric
phase) as the trunk moves toward the wall (Fig. 23.54 A).
Then have the patient quickly push away from the wall with
both hands (concentric phase) (Fig. 23.54 B), catch the 
patient as he/she falls backward, and then push the patient
forward again to repeat the sequence.
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FIGURE 23.52 Practice a golf swing using a weighted club.

FIGURE 23.53 Bilateral plyometric exercise while bearing weight
through the upper extremities—side-to-side movements with quick
changes of direction on a ProFitter®.

FIGURE 23.54 Repeated push-offs from a wall: (A) falling directly
forward toward the wall and catching self with both hands; and 
(B) pushing away from the wall to the upright position.

B

A
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■  Alternative activity: Have the patient perform the sequence
independently by falling forward to the wall and quickly
pushing away.

■  Progression: Have the patient use one hand to catch self and
push away from the wall.

Side-to-Side Push-Offs From a Waist-Level Surface
VIDEO 23.8
Patient position and procedure: While standing and main-
taining both feet approximately 3 feet away from a waist-height,
stable surface (countertop, heavy table), have the patient fall
forward and slightly to the right of midline and catch self with
hands on the edge of the countertop or table; push off and shift
arms and trunk to the left; catch self with both hands; and push
off again, moving arms and trunk back to the right, past mid-
line (Fig. 23.55). This exercise alternately places greater weight
on the right and then the left upper extremity.

Variations of Prone Push-Ups  VIDEO 23.8
■  Clap push-ups: While on the floor, have the patient perform

a forceful prone push-up from knees or feet; clap hands to-
gether; catch self with both hands, allowing elbows to flex
(eccentric phase); and quickly perform another push-up
(concentric phase).

■  Drop push-ups: Have the patient perform a prone push-up
from knees or feet with hands on platforms positioned
shoulder width apart. Drop both hands and the chest to the
floor, controlling the descent of the trunk (eccentric phase);
quickly perform another push-up (concentric phase); and
return both hands to the platforms (Fig. 23.56 A, B, and C).

FIGURE 23.55 Alternating side-to-side push-offs to and from a 
stable, waist-high surface.

FIGURE 23.56 Drop push-ups in the prone position: (A) Starting
position; (B) prone push-up; and (C) drop hands to floor, allowing 
elbows to flex. Push up from the floor and quickly return hands to
platforms as in (A).

A

B

C

Plyometric Exercises: Lower Extremities
Most plyometric exercises for the lower extremities are per-
formed while standing and require eccentric and concentric
control of the hip and knee extensors and ankle plantarflex-
ors against body weight.6 These exercises require postural
stability and balance because of the quick changes of direc-
tion involved. Plyometric activities can be progressed by
adding an external load (a weighted belt, vest, or backpack)
to augment body weight or by first performing the exercises
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in bilateral stance (jumping) and then in unilateral stance
(hopping).

The following plyometric exercises are examples of lower
extremity activities that can be incorporated into the final
phase of rehabilitation in preparation for functional activities
ranging from community ambulation to high-intensity
sports.

CLINICAL TIP
Have the patient wear supportive footwear when performing
jumping and hopping activities. When teaching these activi-
ties, reinforce proper landing techniques. Specifically, make
sure the patient flexes the knee(s) for shock absorption but
maintains the lower leg(s) vertically aligned in the coronal
plane, thus avoiding valgus collapse at the knee(s).

Kicking a Ball
These exercises involve rapid eccentric and concentric open-
chain contractions of hip musculature. Be sure the patient is
wearing shoes during kicking activities.

■  Patient position and procedure: While standing and facing
an exercise partner, have the patient swing one lower ex-
tremity backward into hip extension (eccentric phase),
then quickly swing the same extremity forward into hip
flexion (concentric phase) and kick a ball to the partner
with the anterior aspect of the foot. This activity targets the
hip flexors and knee extensors.

■  Patient position and procedure: While standing with one
shoulder positioned toward an exercise partner, have the
patient stand on the leg closer to the partner, swing the 
opposite hip into abduction, and then quickly adduct the
hip to kick the ball back to the partner using the medial 
aspect of the foot (as in a soccer kick). This exercise targets
the hip adductors.

Sit-to-Stand From a Ball
■  Patient position and procedure: While sitting, have the 

patient bounce on a therapy ball (stabilized by the thera-
pist), come to a partial standing position, and then sit back
down on the ball and quickly come to a partial standing
position again (Fig. 23.57). Progress the exercise by even-
tually coming to a full standing position. This activity 
requires contraction of the hip and knee extensors against
the resistance of body weight. To be effective, rapid reversals
must occur between the lowering (eccentric) and standing-
up (concentric) phases.

Bilateral Heel Raises on a Mini-Trampoline
Patient position and procedure: In bilateral stance, have
the patient bounce on a mini-trampoline by performing 
repeated heel raising and lowering. This activity targets the
gastrocnemius-soleus muscle groups.

Side-to-Side Shuffle
Patient position and procedure: Have the patient take 
several quick side steps to the right and then back to the left,
and repeat. This exercise requires rapid contractions of the
hip abductors and adductors against body weight during each
change of direction.

Side-to-Side Movements on a Slide Board
Patient position and procedure: While standing on a slide
board, such as a Pro-Fitter®, have the patient shift body weight
side-to-side (Fig. 23.58), gradually increasing the speed of the
directional changes as skill and coordination improve.

Squat Jumps  VIDEO 23.9
Patient position and procedure: Have the patient move
quickly from a standing position into a squat position (eccen-
tric phase) (Fig. 23.59 A), quickly transition to a vertical jump
(concentric phase) (Fig. 23.59 B), return to the squat position,
and then perform another vertical jump. When landing and
moving into the squat position, be sure the patient keeps the
lower legs aligned as close to vertical as possible to prevent
valgus collapse.

Bounding
■  Patient position and procedure: Have the patient start 

with the feet positioned shoulder width apart and take
multiple jumps forward in a straight line across the floor
(Fig. 23.60).

■  Progressions: Increase the speed at which the activity is per-
formed, and then increase the distance of each jump. When
able, have the patient perform single-leg forward hopping
across the floor.
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FIGURE 23.57 Moving from sit-to-stand by bouncing on a ball.
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Four-Quadrant Jumps or Hops  VIDEO 23.9
■  Patient position and procedure: Using two lines on the floor

intersecting at right angles as a guide, have the patient jump
forward, backward, side-to-side, and diagonally from one
quadrant to another, using quick directional changes
(Fig. 23.61).

Tuck Jumps
■  Patient position and procedure: Have the patient begin in

standing position, quickly lower the body into a squat 
position (eccentric phase), perform a tuck jump as high as
possible, bringing the knees toward the chest (Fig. 23.62),
and then land in proper alignment and return to the squat
position to initiate the next tuck jump.

■  Progression: Perform a series of side-to-side tuck jumps
over a barrier.
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FIGURE 23.58 Side-to-side movements on a Pro-Fitter®. FIGURE 23.59 (B) vertical jump.

A

B

FIGURE 23.60 Bounding: a series of forward jumps across a floor.

FIGURE 23.59 Squat jumps: (A) from a squat position, perform a 
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Lunge Jumps  VIDEO 23.9
■  Patient position and procedure: Have the patient begin in a

symmetrical standing position, jump vertically, and land
in a forward lunge position (eccentric phase); then quickly
jump vertically (concentric phase) and again land in a 
forward lunge position. Perform multiple repetitions by
landing with the same foot forward each time.

■  Alternative activity—Scissor-lunge jumps: Perform a 
sequence of lunge-jumps, alternately bringing the right
and then left foot forward, as in a scissoring motion 
(Fig. 23.63 A, B, and C).

■  Progression: Increase the challenge by performing lunge-
jumps while wearing a weighted vest or holding weights in
both hands.
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FIGURE 23.61 Four-quadrant jumping or hopping.
FIGURE 23.62 Tuck jump.

FIGURE 23.63 (A), (B), and (C) Lunge-jumps: alternately landing with right, then left lower extremity forward.
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Zigzag Forward Jumping or Hopping
Patient position and procedure: Have the patient jump or
hop across the floor in a zigzag pattern marked on the floor
(Fig. 23.64). Progress by increasing the speed of jumping or
hopping and the distance between jumps or hops.

Single Platform Jumping or Hopping
Patient position and procedure: Have the patient jump and
progress to hopping onto and off of a single, low platform in
forward (Fig. 23.66), backward, and lateral directions, being
certain to use proper landing technique. To progress, first 
increase the speed and repetitions of the jumping or hopping
activity, then increase the height of the platform.

Multiple Platform Jumping or Hopping
Patient position and procedure: Have the patient jump
(or hop) in a forward direction off of a platform to the floor
and then jump forward again onto another platform (see
Fig. 23.38 A, B, and C). Progress by performing the sequence
more rapidly or by increasing the height of the platforms.

Hopping Over Objects VIDEO 23.9
Patient position and procedure: Have the patient hop over
objects of various sizes placed on the floor like an obstacle
course (Fig. 23.65).

FIGURE 23.64 Zigzag forward hopping.

FIGURE 23.65 Lateral hopping over objects of varying sizes set up
in an obstacle course on the floor.

FIGURE 23.66 Hopping onto and off of a single platform using
proper landing technique.
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Independent Learning Activities

Critical Thinking Questions
1. Review the principles of balance training described in

Chapter 8. Describe how each of the advanced balance ac-
tivities presented in this chapter (Chapter 23) can be used
to enhance the static, dynamic, anticipatory, or reactive as-
pects of balance.

2. Develop a sequence of balance activities in the standing
position from least to most difficult, using progressively
more challenging movements and equipment.

3. Identify the benefits, as well as the risks, of performing a
program of plyometric exercises (stretch-shortening drills).

4. Analyze the plyometric training activities listed in Box 23.1,
and determine in which muscle groups training-induced
gains in strength and power would occur and what func-
tional tasks each of the activities could enhance.

5. Develop a plyometric sequence for the lower extremities
and trunk progressing from simple to more difficult (sim-
ilar to the sequence for the upper extremities described in
Box 23.3).

Laboratory Activities
1. Practice the sequence of balance activities in the standing

position that you developed to answer Critical Thinking
Question #2. Take turns with a laboratory partner role-
playing the therapist and the patient. If you are the thera-
pist, use proper safety precautions, critically analyze how
your patient performs each balance task, and give your 
patient feedback to facilitate learning correct alignment
and technique.

2. Perform and analyze a variety of plyometric exercises for
the upper or lower extremities, and identify which muscle
groups are loaded eccentrically or concentrically during
the two phases of each activity.
■ Catch and throw a weighted ball with both hands (or one

hand) while in the supine, prone, and upright positions.
■ While kneeling and with hands placed on a slide board

and elbows extended, move the arms forward and back-
ward or side-to-side.

■ While standing a few feet from a wall, fall forward, catch-
ing yourself with both hands, and then push off the wall
to return to a standing position.

■ In the prone position, perform bilateral drop push-ups
to and from two low platforms.

■ While standing on a mini-trampoline, bounce your
heels off and on the surface using only ankle motion.

■ Jump off of and back onto a low platform—forward,
backward, and side-to-side.

Case Studies
Case Study #1
You have been following a 21-year-old female college volley-
ball player who underwent an arthroscopic ACL reconstruc-
tion of the left knee 4 months ago. She now has full, pain-free
range of motion of the knee and 80% to 85% strength of left
knee and hip musculature compared with the sound right
lower extremity. Arthrometer measurements indicate that 
A-P stability of the operated knee is comparable to the sound
side. However, her performance on a single step-down test 
reveals continued evidence of abnormal alignment of the 
operated lower extremity (excessive hip adduction, and inter-
nal rotation, knee valgus, and foot pronation). She has been
given approval by her surgeon to return to intercollegiate play
by 6 months postoperatively following completion of an 
advanced training program individualized to her needs 
and goals.

■ Develop an 8-week training program of advanced strength-
ening, balance, and plyometric drills for this patient. Identify
specific exercises that would be included in each training
session and how the exercises will be progressed over the 
8-week period.

■ In addition to exercises to enhance stability, control, 
and strength of the lower extremity, identify exercises 
that should be included to improve her upper extremity
function.

Case Study #2
You have been working with a 35-year-old “weekend warrior”
who was diagnosed with chronic tennis elbow. His symptoms
are now under control, and he wants to return to competitive
play at the local tennis club. Develop a training program of
advanced strengthening and plyometric drills for this indi-
vidual. Identify each exercise and its progression in terms 
of repetitions, resistance, control, and precautions. Include
both upper and lower extremity drills and progressions that
include total body-coordinated effort.

Additional Case Studies
For additional study, review the following case studies from
previous chapters and modify your exercise interventions to
include advanced drills based on the information you studied
in this chapter.

1. Case study #4 in Chapter 17
2. Case studies #2 and #3 in Chapter 20
3. Case studies #2, #3, and #4 Chapter 22
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The “graying of America” and “graying of the world” are 
realistic descriptors of the population trend in the United
States and many parts of the world. The graying of the pop-
ulation is a universal, developmental gift of 20th century
science and technology. With the introduction of antibiotics,
insulin, vaccinations, modern surgical techniques, and other
medical advancements, adults are living longer. 

The life expectancy in North America, most of Europe, and
Australia is an average of 75 years of age.201 In the US, life 
expectancy at birth for the total population is 78.8 years, 76.4 for
men and 81.2 for women.47 Thirteen percent to 14% of 
the 318 million citizens of the US (approximately one out of
eight) are over 65 years of age. 

This is in comparison to 20% of the German and Italian
populations and only 3% of the population in Uganda. The
age structure of the world has also changed; between 1970
and 2014, the world’s population of individuals over 65 years
of age or older increased from 5% to 7%. Thus, in the profes-
sion of physical therapy, most clinicians can anticipate work-
ing with the older adult in some capacity. 

“Aging leads to a decline in strength and an associated loss
of independence.”65 The importance of this specialty chapter
is succinctly stated in the above quote! Physical therapists are

able to appropriately adapt interventions to meet the needs
of the older adult and enable them to optimize their func-
tional potential. Throughout this chapter, the value of exercise
and physical activity for older adults will be addressed. 

Definitions and Descriptions
Applied to Older Adults

Definitions: Quantitative and
Qualitative
Who are older adults? The answer is quite variable when con-
sidering roles that change as one ages. Historically, the standard
has been 65 years of age based on Medicare eligibility. With the
increase in life expectancy, coupled with a 117% increase in the
percentage of adults over 65 years of age employed in the work-
force,52 one could question if this continues to define the “older
adult.” But, 65 years of age is still being used as the “specified
age” for categorizing an individual as an “older adult.” 

The presentation of an older adult is quite variable.175 A
75-year-old individual may be an athlete, may be working full
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or part time, or may be a sedentary individual with multiple
medical problems having difficulty performing basic activities
of daily living (ADLs). Clinicians may document, “patient ap-
pears younger than chronological age” or “patient appears
older than chronological age.” In reality, there is great vari-
ability in the older adult population which is reflected in the
three case scenarios described in Box 24.1. 

As illustrated in Box 24.1, the older adult population can
be subdivided into young-old, mid-old, and old-old. How-
ever, these stages are overgeneralizations and may not reflect
all older adults. 

■  The young-old are those 65 to 74 years of age and generally
includes recently retired people who enjoy the results of
their employment. The young-old may be busy caring for
their parents and assisting with babysitting and transporting
their grandchildren in their leisure time. Or, this individual
may continue to work because of interest in their work, 
financial needs, social interaction, or some combination 
of above. Lou, in Case 1, is in the group of young-old.

■  The mid-old are 75 to 84 years of age. Generally, the mid-
old are experiencing more age-related changes and 
may work toward simplifying their lives; many may rest

during the day. Mary Jane, in Case 2, is an example of
mid-old.

■  The old-old are over 85 years of age and typically have sig-
nificant decline in physical functioning. They may reflect
on the meaning of their lives, their relationships, and con-
tributions to society.180, 243 As noted in Case 3, Juan has just
entered the old-old stage at age 85. 

Example of Progression of Aging
When Juan was in the young-old stage he was busy caring
for his mother and mother-in-law, was actively engaged in
helping to care for his grandchildren, and maintained a
small business as a part-time endeavor. In the mid-old stage
he began to have more complaints of hip pain due to os-
teoarthritis (OA). As his grandchildren aged and parents
died and he no longer maintained his business, he was less
engaged and subsequently, less active. During this stage he
continued to do yard work and car maintenance but be-
came very sedentary. In his current old-old stage, he is ex-
periencing more medical problems and numerous issues
related to inactivity; he spends extended periods of time
isolated and reflective. 

940 Definitions and Descriptions Applied to Older Adults

BOX 24.1 Three Case Scenarios of Older Adults

Case 1: YOUNG-OLD: 
Lou is a 72-year-old male who works out regularly at the local
YMCA. He is also a part-time employee in the fitness center at
the same facility. His past medical history is unremarkable, 
and he describes himself as a long time exercise advocate. He
has run two to four marathons a year for more than 10 years
and also participates in sprint triathlons. Lou recently ran a
marathon and reports that this marathon seemed much longer
than 26 miles and that it was his worst time ever. He complains
of left knee pain. On inspection, Lou is healthy appearing and
looks much younger than his chronological age; he has tortuous
veins in both legs below the knees.

Case 2: MID-OLD: 
Mary Jane is an 82-year-old female who has a long-standing
history of cardiac disease, multiple myocardial infarctions,
coronary artery bypass grafting (20 and 35 years ago),
hypertension, Raynaud’s phenomenon, and arterial
insufficiency, as well as a history of uterine cancer and a
radical hysterectomy 40 years ago. She has long-standing 
low back, cervical, hip, and shoulder pain attributed to
osteoarthritis. Mary Jane reports she takes 13 medications
each day. She demonstrates a pronounced kyphosis and
forward head posture. She reports she is 5’2” and weighs 89
pounds, but appears to be approximately 4’9” in height. Mary
Jane reports that the doctor did not say she has osteoporosis.
The therapist believes it is likely due to Mary Jane’s vertical
height loss of 5”. She admits to having occasional falls but no
real injuries. She describes days of dizziness where she has
difficulty getting out of bed. Her children report an increase in

confusion, but that it appears to be episodic. They believe
their mother is having mini-strokes. The strokes have not
been diagnosed. Mary Jane is independent in IADLs and
manages the finances for rental properties. She enjoys
cooking, working in her yard, spending time with family, and
participating in church events. She denies participating in
regular exercise but reports she is able to walk three to four
blocks, go up and down flights of steps several times/day, and
perform arm exercises with the elastic band she was given
when she attended outpatient physical therapy 4 months ago.

Case 3: OLD-OLD: 
Juan is an 86-year-old male who is a retired steel mill worker
and who resides with his wife. He is being seen by a home
health physical therapist following an episode of internal
bleeding, a 3-day acute hospitalization, and two blood
transfusions. Currently his primary complaint is shortness of
breath. Prior to this illness, he was independent in ADLs,
including yard work and car maintenance, driving, visiting a
fraternal organization, and attending his grandchildren’s
activities. His past medical history includes osteoarthritis
bilaterally in hips, hands, and knees (including left total hip
arthroplasty 10 years ago), as well as T2DM, asbestosis, obesity,
obstructive sleep apnea (he does not use a continuous positive
airway pressure [CPAP] machine), and diminished hearing. He
gets up at approximately 11:00 a.m. each day and takes a nap
at 2:00 p.m. Although not diagnosed, he has characteristics of
sarcopenic obesity. At his peak, Juan was 5’8” and 225 pounds.
His hospital record reveals he is 198 pounds, and he appears to
be 5’5” in height.
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Healthy People 2020
The Healthy People 2020 vision for an older adult is to 
“increase the proportion of older adults with reduced physical
or cognitive function who engage in light, moderate, or vig-
orous leisure-time physical activities.”111 It is reported that
29.3% of the older adult population experience moderate to
severe functional limitations. In addition, approximately one
in three “older adults with reduced physical or cognitive func-
tion engaged in light, moderate, or vigorous leisure-time
physical activities in 2008.” 111 Males are more engaged in
physical activities than females, and Caucasians are 10% more
involved in physical activities than other racial groups. 

Complexity of Diagnoses 
in the Older Population 

The medical model of a one-to-one ratio of symptoms to
diagnosis is atypical in the older adult population seeking
medical care or physical therapy services. More characteris-
tic of older adults is the presence of multiple medical prob-
lems or a chronic disease, which may cause a myriad of
problems. In the prior paragraph, the incidence of func-
tional limitations was described. Those functional limita-
tions may be due to various factors and may reflect the
presence of multiple medical problems. Approximately 92% of
older adults are reported to have at least one chronic condi-
tion, while 77% of older adults have a minimum of two
chronic conditions.170

The case of Mary Jane (see Case 2 in Box 24.1) exemplifies
this concept of multiple medical problems. Mary Jane had a
radical hysterectomy at age 37 secondary to cancer and sub-
sequently experienced early menopause. Severe coronary 
artery disease, myocardial infarction, and coronary artery by-
pass grafting were other medical problems she experienced.
In the absence of hormone replacement or other preventative
intervention, Mary Jane appears to have osteoporosis based
on her height loss and flexed posture, although she has not
had clinical testing to confirm the diagnosis. Mary Jane takes
13 medications each day. Adverse drug reactions from her car-
diac medications and polypharmacy may result in orthostatic
hypotension and her complaints of dizziness. The polyphar-
macy and cardiac medications are a risk factor for falls. 

Chronic conditions, injuries, and new medical problems
may each impact the quality of life in older adults. Type II 
diabetes mellitus (T2DM), OA, congestive heart failure, and
dementia are chronic conditions that many older adults 
experience.170 For example, Juan (see Case 3 in Box 24.1) had
end-stage OA of the hip during the stage of young-old. Con-
sequently, he restricted his walking due to pain. This restricted
mobility impacted strength, functional mobility, and balance.
Now his sedentary behavior further impacts his quality of life
including the development of T2DM. This cascading effect is
cyclical resulting in even greater problems.87,128

Health Trends in the Aging Population
Fair or poor health is the descriptor that almost 25% (23.1%)
of the older adult population in the US use to describe their
health.169 A snapshot view of the “older person’s health” and
incidence of diagnoses can be found in ONLINE Table 24.1
available on the FA Davis web site.

The incidence of diseases varies slightly from the mortality
incidence. For example, heart disease and cancer account for
approximately half of all deaths in the US, while arthritis is
the most common disability.44,47,115,169,186 The 15 leading
causes of death among individuals 65 years of age and older
in the US in 2013 were heart disease, cancer, stroke, chronic
lower respiratory disease (such as emphysema), accidents
(such as falls), cerebrovascular accident, Alzheimer’s disease,
diabetes, influenza and pneumonia, kidney disease, suicide,
septiciemia, chronic liver disease, hypertension, Parkinson’s
disease, and pneumonitis.245

Wellness Aging Model Related 
to Illness, Injury, and Immobility 
As people age, loss of strength, loss of muscle mass, and
senescence occur. This results in impaired function and
greater dependence in the performance of functional activ-
ities.27,36,54,70,92,128,206,208,213,216 These functional impairments
can be quantified, with 14% of older adults requiring assis-
tance with ADLs and 35% having difficulty with functional
activities necessary for independence.65 Sehl and Yates216

extrapolated information from 54,274 subjects into a linear
model on various systems of the body and described a 
loss rate of every system of the body. This loss rate is up 
to 3% per year beginning at age 30 and continuing up to 
the age of 70. When individuals are physically active, they
typically function more independently than people who
have disease or pathology. Illness, chronic disease, injury,
and immobility each impact age-related changes. Kauffman128

refers to the concept of age-related declines in function as
“linear senescence,” while Brown36 refers to this concept as
the “compression of infirmity.” These concepts are collec-
tively depicted in the Wellness Aging Model Related to 
Illness, Injury, and Immobility (WAMI-3) illustrated in
Figure 24.1. 

In this model, age is depicted on the X-axis while impair-
ments of structure and function, such as muscular and bone
strength, longevity, mental well-being, fall risk, and functional
mobility, are depicted on the Y-axis. This right skewed curvi-
linear shape demonstrates the need for physical activity and
exercise as one ages. Individuals who are physically active may
have a rightward shift in function while disease, injury, and in-
activity result in a leftward shift in function. Billek-Sawhney
and Wells22 applied this relationship to individuals undergoing
cancer treatment. Disease specific factors such as cancer related
fatigue and nausea were plotted on the Y-axis and the effect 
of cancer treatments over time on the X-axis. With physical 
activity and exercise improvement was seen in strength, energy
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level, mental well-being and functional status. This model can
be applied to a multitude of medical diagnoses, immobility,
and physical inactivity and serves as the basis for the impor-
tance of remaining active as one ages. The WAMI-3 is a mod-
ification and compilation from numerous diagrams and
exemplifies the concept that physical activity and exercise add
life to years.22,36,67,128,168 Wellness, physical activity, and ex-
ercise will result in a rightward shift to decrease the slope of
decline. 

 FOCUS ON EVIDENCE
In a study of almost 900 older adults, a slower rate of de-
cline in mobility was reported to be associated with a
greater rate of physical activity.38 Each additional hour of
physical activity was associated with about a 3% decrease
in the rate of mobility decline when measured on an 8-foot
walk and 360° turn. It was concluded that both physical 
activity and leg strength predict decline in mobility in older
adults. 

Aging: Primary and Secondary
Primary aging is a universal, developmental process from the
passage of time. This differs from secondary aging in the older
adult resulting from disease, disuse, the environment, and
other factors.180,233 An example of secondary aging is an older
adult with T2DM who develops cardiac disease and periph-
eral neuropathies. 

Effects of Aging or Senescence 
on the Body Systems
Senescence (senescere in Latin, meaning “to grow old”) occurs
with a decrease in physiological effectiveness of the various
systems at an average of 2% per year starting at 30 years of
age.155, 216 Through the aging processes, there is a degradation
of function of the vital organs. As we age, every cell, tissue,
organ, and system of the body changes. Most visible is the
graying of the hair, the flexed posture, muscle mass loss, and
the wrinkles on the face. Similar aging processes are masked
but still occurring beneath the skin. 

Immune dysregulation, described as immunosenescence, 
is the age related deterioration of the immune system causing
cancer, infection, and autoimmune disease. The changes in
the immune system are evident with the increased prevalence
of cancer in the older adult. The decreased effectiveness at the
cellular and tissue level results in increased susceptibility to
infection and impaired surveillance or monitoring of one’s
condition for the presentation of an illness.101 In addition, the
initial presentation of illness may differ. For example, the
presentation of a urinary tract infection in an older adult may
be an altered mental status rather than the usual signs of fever
or infection. 

The impact of exercise and physical activity on aging can
be illustrated by looking at results of stress testing. The max-
imum oxygen consumption, better known as VO2MAX, is de-
scribed in Chapter 7. The calculation of VO2max is typically
done with stress testing. Viewing the formula and seeing the
components of the formula change in response to aging, im-
mobility, and exercise/physical activity, as summarized in
Table 24.1, enhances the reader’s understanding of the impor-
tance of the WAMI-3. The reader is referred to several sources
for detailed information on stress testing and calculating
VO2max using the Fick Equation.18,161,164,249

Cellular and Organ Changes
Cellular changes occur with aging and may include atrophy,
hypertrophy, hyperplasia, dysplasia, and neoplasia. In older
adults, atrophy of muscles and the brain may occur, hyper-
trophy can occur at the heart and kidneys, hyperplasia may
occur of the prostate, dysplasia in the cervix, and neoplasia in
squamous cell carcinomas. These changes are also reflected
in the maximal oxygen consumption at the heart, vascular
system, and muscular level.

Senescence at the cellular level results in lipofuscin, a fatty
brown pigment and other fatty substances, which build up in
tissue. The accumulation of lipofuscin is a hallmark of aging
and is not degradable.235 Connective tissue becomes stiffer.
Therapists recognize these changes in the musculoskeletal 
system, but it also occurs in organs, blood vessels, and airways,
making them more rigid. The changes occurring in the mem-
branes of tissues in the lungs impact the transport of oxygen
and nutrients to tissues and negatively affect the removal of
carbon dioxide and other wastes. These changes or losses
occur gradually and are not noticeable unless coupled with
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TABLE 24.1 Maximal Oxygen Consumption and the Impact of Aging, Illness, Injury, Immobility, 
and Exercise on Physical Activity

Maximal Arteriovenous 
Oxygen Cardiac Oxygen 
Consumption Output Difference
(VO2max) (CO or Q) (a-vO2) Comments

VO2max = HR x SV x (a-vO2) CO = HR xS V

Aging

Illness

Immobility

With exercise/ 
physical 
training

With aging declines are seen
in the effectiveness of each
component.

With illness various factors
can be impacted; for
example, heart muscle
weakness from a myocardial
infarction decreases SV.

Similar to aging, immobility
impacts each component
negatively.

Greater capillary density.
Enhanced ability to extract
oxygen.
Increase in number and size
of mitochondria.

↓

↓

↓

↑

RHR- no
change
MHR- ↓

RHR-
↑or↓
MHR- ↓

RHR- ↑
MHR- ↓

RHR- ↓
MHR- ↑

↓

↓

↓

↑

↓

↓

↓

↑

disease, at which time a causal chain type of effect may occur
leading to a cascade of medical issues. 

Organ Reserve Changes
Generally, there is a reserve associated with the function of
organs. Cardiac reserve exemplifies this concept. At age 20,
the heart “is capable of pumping about 10 times the amount
of blood that is actually needed to keep the body alive. After
age 30, an average of 1% of this reserve is lost each year.”156

Organ reserve losses have the greatest impact on the heart,
lungs, and kidneys.75 The amount of loss varies among organs
in the same individual and between individuals. This concept
can be applied to the case of Mary Jane described in Box 24.1;
Mary Jane has severe cardiac disease but does not appear to
have age-related losses in her respiratory system. 

System Changes
The endocrine (hormone production), immune, integumen-
tary, musculoskeletal, reproductive, urinary, cardiopul-
monary, vascular, sensory, and central nervous systems are
each impacted by the aging process, and their function can
be viewed as the solid line in the WAMI-3 (see Fig. 24.1).
Many, although not all, systems of the body demonstrate a
rightward shift from exercise. For example, the muscu-
loskeletal system demonstrates a rightward shift with exer-
cise, but conversely, the integumentary system with the
thinning, graying, and loss of hair does not appear to re-
spond to exercise and activity.86 In response to aging, changes

in the systems of the body not only impact the function of
the organs, but can also impact the body’s ability to function.
Age-related changes in the musculoskeletal system impact
strength; posture; gait; coordination; speed of movement;
and, consequentially, an individual’s ability to function. The
age-related changes to the musculoskeletal system are high-
lighted in ONLINE Table 24.2. 

Neuromuscular and Musculoskeletal 
System Changes
Normal aging results in muscle mass loss beginning in the
fourth decade of life but escalates with advancing age. Over
the age of 40 muscle mass loss/year is 0.5%, over the age of 50
it increases to 1% to 2%, and over the age of 60 loss/year
is 3%.131,210,258,274 In older adults who are sedentary, this
rate of decline is increased. This is coupled by changes in
the quality of the muscle tissue. The rate of decrease in
strength and power are greater in sedentary individuals as
compared to those who are physically active, resulting in a
leftward shift in senescence (see Fig. 24.1).210 Older adults
70 years of age and older, when compared to younger
adults, demonstrate a 50% decrease in strength and a 
75% decrease in power.31,112 The loss of muscle mass and
strength occurs as a result of many factors, including a reduc-
tion in both size and number of muscle fibers, a selective re-
duction in Type II fibers, a decrease in neural activation, and
an increase in antagonistic co-activation (Fig. 24.2).110,213,229

When a muscle fiber loses it innervation, motor units will
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die and compound the loss of muscle fibers. By 60 years of
age, there is approximately a 50% loss of the motor units
innervating individual muscle fibers because of the death
of the alpha-motorneurons at the spinal cord.213 The 
disease of sarcopenia, which is associated with aging and
the loss of muscle mass, will be discussed in the section on
sarcopenia later in this chapter.

Muscle weakness affects gait and activities such as as-
cending and descending stairs. Gait disorders are commonly
associated with aging; 35% of adults over 70 years of age
have an abnormal gait. Decreases in gait speed and stride
length commonly occur.39,152 Walking, the most prevalent
physical activity, has a greater energy cost in older adults
than younger adults. Wert and colleagues261 stress the need
for the physical therapist to assess gait and to specifically
evaluate older adult patients for the absence of hip exten-
sion, for wider step width, and for slower gait speed. These
gait deviations result in a loss of efficiency. Similar losses in
efficiency with greater effort required also occur with ADLs
in older adults.125 Thus, older adults are less energy efficient
and expend more energy when walking and performing
ADLs than younger individuals.

Changes in the musculoskeletal system, such as osteoporo-
sis, osteopenia, and OA, with accompanying pain, stiffness,
and deformity, affect balance and the number of falls experi-
enced by older adults.119 Neuromuscular changes result in
mobility loss and impaired function. Coupled together, these
changes affect the independence and quality of the older
adult’s life.229

Sensory Changes 
Sensory changes associated with aging profoundly impact
older adult patients at a functional level resulting in quality

of life issues. For example, when considering loss of vision,
the older adult may have difficulty reading his or her pre-
scribed home exercise program or completing the necessary
patient registration and/or outcomes questionnaires. With
aging, the amount of peripheral vision (known as peripheral
visual field) has decreases. This, combined with loss of rota-
tion in the cervical spine, may affect driving safety. Wearing
bifocals to address the presbyopia affects walking and use of
stairs and curbs, thus putting the older adult at risk for falls.51

In addition, use of bifocals, coupled with changes in position
sense and muscular weakness, affects balance and risk of falls.
(See Chapter 8 for a discussion on balance exercise programs
to address fall risk in the elderly.)

Effects of Decreased Activity
Immobility
Historically, bed rest was prescribed for a multitude of med-
ical problems from back pain to myocardial infarction. Im-
mobility negatively impacts every system of the body and
results in a leftward shift on the WAMI-3 (see Fig. 24.1).
There are various medical complications associated with pro-
longed immobility, including orthostatic hypotension, in-
creased heart rate, decreased cardiac reserve, atelectasis,
pneumonia, deep venous thrombosis, pulmonary emboli, 
urinary retention, constipation, muscle atrophy (leading to
generalized weakness), contractures, soft tissue changes, meta-
bolic inflexibility (including insulin resistance), osteoporosis,
impaired sensory perception, skin breakdown, and psycholog-
ical manifestations such as depression.62,71,103,223 The need for
early mobilization of patients is now commonly practiced;
where it is not, it should become a standard of practice.

Similar to the effects of aging, each organ system is im-
pacted negatively by immobilization. For example, when
considering cardiac function, the stroke volume decreases
approximately 12% following the first 30 days of inactivity,
and the maximal heart rate is also decreased. Subsequently,
maximal oxygen uptake is decreased, and total blood volume
and hemoglobin concentration are also decreased, making a
less efficient cardiovascular (CV) system and less re-
serve.14,103,128,231,264 These concepts are highlighted in the im-
pact on maximal oxygen consumption in Table 24.1.

Muscle disuse results in atrophy and loss of muscle
strength at the rate of approximately 12% a week or 1% to
1.5% per day from bed rest.124 Loss of strength in the legs
occurs twice as fast as in the arms, with the quadriceps and
back extensors showing the greatest loss. As much as 50%
strength loss can occur with 3 weeks of bed rest, while the
recovery of strength is only 10% per week.23,56,138,182 In mus-
cles that are larger and better trained, there is quicker recov-
ery of strength.124 The loss of strength and muscle atrophy
impacts much more than just strength and power; muscle
fatigue due to reduced oxidative capacity in extracting oxy-
gen, metabolic activity, protein breakdown and loss, in-
creased concentrations of cortisol, and glucose metabolism
and function are also affected.23,124
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FIGURE 24.2 Age-related changes in muscle mass in the arm
showing a lateral view and the related cross-sectional area.
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Hypokinesis
Hypokinesia is defined as an “abnormally diminished mus-
cular function or mobility.”166 This sedentary behavior in
older adults is manifested in minimal energy expenditure and
inactivity. Juan in Case 3 (see Box 24.1) illustrates the concept
of hypokinesis. Juan is recumbent or sits for extended periods
of time and is inactive. At the age of 85, he sleeps in a recliner
or in his bed until 11:00 a.m. each morning, and then after
eating breakfast, he goes back to bed for a nap. He is upright
and watching television until dinner at 5:00 p.m. The only
time Juan leaves home is for medical appointments and oc-
casionally to go to a fraternal organization. Generally, he is
back to sleep before 10:00 p.m. 

 FOCUS ON EVIDENCE
A systematic review by Harvey and colleagues107 on the preva-
lence of sedentary behaviors in older adults reports that the
majority of older adults are sedentary, that approximately
60% of older adults report sitting >4 hours/day, and one
study described 67% of the older population as sedentary
>8.5 hours/day. 

Sedentary Behavior
The lack of physical activity, or sedentary behavior, is now
recognized as a modifiable risk factor for a multitude of ill-
nesses. Sedentary behavior is described as spending a great
deal of time in a recumbent or sitting position and low energy
expenditure behavior (<1.5 METS during waking hours). As
a reference, the performance of basic ADLs, such as grooming,
eating, toileting, bathing, and dressing, has a metabolic equiv-
alent level of 1.0 to 2.5 METS. Instrumental ADLs, including
light housekeeping, doing laundry, washing dishes, setting the
table, or making a bed, increase the energy required to 1.5 to
4.0 METS. The American Heart Association reports the risk
of CV disease is directly related to sedentary behavior. Adults
who watch >4 hours of television/day have a 46% increased
risk of death from any cause and 80% increased risk of death
from CV disease. In addition, those who are physically active
and maintain a healthy weight live approximately 7 years
longer than inactive adults who are obese.10 (See Chapter 7
for additional information on energy expenditure and train-
ing for patients with chronic illness.)

Loss Of Functional Mobility
The WAMI-3 (see Fig. 24.1) visually depicts the decreases in
functional mobility, musculoskeletal strength and power,
bone strength, CV and pulmonary function, but it fails to de-
scribe how these changes impact an individual’s ability to
participate in daily activities in the home and community.
The association between the recommended strength training
guidelines of twice a week and functional limitations has
been described by the National Health Interview Survey of
6,763 older adults.48 Almost 51% of the older adult popula-
tion reported functional limitations with stooping, bending,

or kneeling. The older adults who performed strength train-
ing twice a week reported having less difficulty with the nine
functional activities investigated. The nine activities included: 

1. Walking 0.25 miles, approximately 3 city blocks 
2. Ascending 10 steps without resting 
3. Standing for approximately 2 hours 
4. Sitting for 2 hours
5. Stooping, bending, or kneeling 
6. Reaching overhead 
7. Grasping or handling small objects with fingers 
8. Lifting and carrying 10 pounds (“like a full grocery bag”) 
9. Pushing or pulling large objects (“like a living room

chair”)

The report found that older adults with functional limi-
tations were the least likely to perform strength training.
Kraschnewski and colleagues135 report that older adults 
with functional impairments believe they are too weak 
to perform strengthening activities. This belief impacts self-
efficacy and requires a paradigm shift. As physical therapists,
we can be instrumental in making this shift through educa-
tion, mentoring, and guiding the older adult in strengthen-
ing interventions.

The WAMI-3 can also apply to the loss of functional activities
such as ambulation. The walking ability of older adults changes
with the aging process. This is exemplified in the US, where
17.3% of adults aged 55 to 64 years and 56.1% of individuals
over age 85 report difficulty walking 0.25 miles (402 m).214

Ambulation is directly impacted as one ages but may be im-
proved through strength training.81,93,135,164,178,233 Sayers213 de-
scribes a curvilinear relationship between the strength of muscle
and the ability to perform functional activities. 

When individuals gain strength, there is an improvement
in the performance of function to a specific point at which
further strength improvements result only in minimal
changes of function. When applying this concept to Cases 1
and 3 in Box 24.1, if the ages of both Lou and Juan are hypo-
thetically reset at age 75, Lou will be stronger than Juan at
baseline. Then, even if they have the same strength gains,
Lou’s functional improvements will be less than Juan’s due
to a higher baseline level. 

Benefits of Physical Activity
and Exercise

There are a multitude of benefits to being physically active,
especially in older adults. The primary benefits include 
(1) slowing physiological changes of aging; (2) optimizing
body composition; (3) supporting psychological and cognitive
health; (4) managing chronic disease; (5) decreasing the risk
of developing chronic diseases; (6) minimizing risk of physical
disability; and (7) increasing lifespan.195 The phrase “adding
life to years” is used by multiple sources272 to address the need
for healthy aging and is also a benefit of physical therapy 
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rehabilitation. This concept can be further stated that “adding
life to years” requires physical activity and resistance training.

The Choosing Wisely Initiative
It is not unusual to observe older patients performing exercise
programs that do not provide enough resistance to develop
strength to improve function. To merely sit and perform leg
kicks or marches with a 1- or 2-lb weight for 3 sets of 10 rep-
etitions may be underdosed and nonspecific and should lead
the therapist to question the purpose of the exercises. 

In 2014, the “Choosing Wisely” initiative between the
American Physical Therapy Association (APTA) and the
American Board of Internal Medicine Foundation addressed
underdosed strength training programs in older adults. In one
of its five recommendations, the APTA stresses the impor-
tance of developing an exercise program that matches fre-
quency, intensity, and duration of exercise to the older adult’s
abilities and goals. Box 24.2 cites the statement and provides
an explanation. It is critical when developing a strengthening
program that the patient’s needs are fully assessed and appro-
priate interventions are prescribed that improve function.

Justification for Exercise 
and Physical Activity
With resistance training, muscular strength, power, and en-
durance can improve in the older adult and deter the effects of
aging and improve mobility. Improving strength and mobility
has been shown to improve balance and reduce the incidence
of falls and resulting fractures.117,120,137,145,220,221,238Activities 
of daily living can be performed with less effort, and thus
functional independence can be maintained for a longer period
of time.195 Despite this, only about 21% of all older adults and
less than 10% of older adults greater than 85 years of age reg-
ularly perform physical activities.195 The importance of power

is well documented as being more strongly related to perform-
ance of ADLs than strength alone.

Interestingly, there is strong evidence that physical activity
reduces the risk of premature death. There is a dose response
associated with this concept. Therefore, the risk of premature
death declines with greater time and frequency (minutes/week)
of physical activity. These benefits are described in Box 24.3. 

Progressive resistance strength training can increase mus-
cle mass, strength, power, functional mobility, and the per-
formance of ADLs.117, 206 High intensity or power training
results in even greater strength adaptations compared to low
and moderate intensity training. Power training enhances
functional tasks like sit to stand and climbing stairs229 and
minimizes functional limitations and disabilities.203 Func-
tionally, the ability to perform sit-to-stand, ambulate without
an assistive device, and alter the ability for an older adult to
increase their self-selected gait speed have been shown to im-
prove with high intensity progressive resistance training.206

The benefits of physical activity increase as the intensity, fre-
quency, and duration of exercising increases.21 

It should be noted that skeletal muscles have secondary roles
that include metabolism, glycogen storage, body temperature
regulation, joint stabilization, and endocrine function. Thus,
the importance of increasing muscle mass or minimizing its
loss with aging must be considered as a secondary benefit to
resistance training.238 This is critical when considering phar-
macokinetics and aging. Most simplistically, pharmacokinetics
is drug absorption, distribution, metabolism, and secretion.204

With aging, the sensitivity to drugs may be impacted.154 

The decline in bone density that generally occurs with in-
creased age can be lessened with exercise. There is a lower risk
of hip fracture in physically active older adults, especially
women. Individuals who perform 120 to 300 minutes of
moderate intensity physical activity each week have a reduced
risk of hip fracture. Both physical activity and exercise are
beneficial and require voluntary movements resulting in calo-
rie expenditure. Physical activities incorporate any move-
ments like household cleaning, stair climbing, gardening, and
shopping at stores. Exercise, a form of physical activity, is
planned, structured, and repetitive in nature; it includes
weight training, exercise classes, and aerobics.171 

 FOCUS ON EVIDENCE
A meta-study looking at 160 trials on the benefits of exercise
on the CV system found that not all people experience the
same benefits from exercise. They reported that exercise has
multiple beneficial effects and significantly improves CV fit-
ness and biomarkers, such as lipid profiles, and also that in
individuals less than 50 years of age; men; and individuals
with T2DM, hypertension, dyslipidemia, or metabolic syn-
drome the benefits to exercise are greater.144

The long-term impact of a 1-year strength-training pro-
gram in older adults was studied by Kennis and colleagues.131

After 1-year of training, muscular performance improved for
those in the exercise group. Seven years after cessation of the
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BOX 24.2 APTA Choosing Wisely Statement
on Strength Training Programs 
in Older Adults

“Don’t prescribe under-dosed strength training programs for
older adults. Instead, match the frequency, intensity and
duration of exercise to the individual’s abilities and goals.”8,11

“Improved strength in older adults is associated with
improved health, quality of life and functional capacity, 
and with a reduced risk of falls. Older adults are often
prescribed low dose exercise and physical activity that 
are physiologically inadequate to increase gains in muscle
strength. Failure to establish accurate baseline levels of
strength limits the adequacy of the strength training dosage
and progression, and thus limits the benefits of the training.
A carefully developed and individualized strength training
program may have significant health benefits for older
adults.” 8,11
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exercise intervention, age-related declines were less for the ex-
ercise participants than for nonparticipants. 

Detraining was studied by Harris et al.106 Following cessation
of a training program, there were significant decreases in
strength at weeks 6 and 20 postexercise, but strength was signif-
icantly greater than prior to the start of the training program.

Physical therapists play a unique role in enhancing the qual-
ity of life of older adults by addressing impairments through
exercise, health promotion, and disease prevention. There is a
plethora of evidence supporting the positive benefits of exercise
and activity in aging adults.86,91,101,104,131,149,153,190,196,197,206,226,

233,238,257,259 The rightward shift in Figure 24.1 provides a visible
display of the benefits of exercise. 

Considerations Prior to
Implementation of Exercise

Examination and evaluation of the older adult are critical prior
to establishing exercise interventions and must take into con-
sideration the normal aging of the body systems as well as the
complexity of diagnoses as described in the previous section
of this chapter. The reader is referred to several physical ther-
apy texts cited in the reference list that describe examination
procedures.151,60,100,209 ONLINE Table 24.3 available on the 

FA Davis web site summarizes inspection, interview, tests and
measures, and patient management considerations for the
older adult. Key items to emphasize when examining the older
adult are described in this section.

Examination of the Aging 
Adult: Highlights 
Medications
During the interview it is critical to not only review the 
medications, but also to count the number of medications
that a patient is taking. Polypharmacy is defined as the use of
≥ three or four medications and is a fall risk factor in older
adults. In addition, when the medications include diuretics,
antiarrhythmics, and psychotropics, the risk of falls is 
increased.105,139,140,242,276 The pharmacokinetics of drugs and
how the drugs are removed from the body occur at a slower
rate in older adults, and lower doses may be necessary. 
Unfortunately, the side effects of medications may result in a
multitude of secondary symptoms. The role of the physical
therapist and pharmacotherapy is variable by practice setting
and beyond the scope of this chapter. The patient’s ability to
take their medications as prescribed, follow the prescribed
regimen, and continue blood testing when taking medica-
tions are each critical issues for the older adult. For example,
Mary Jane (see Box 24.1) defers taking her diuretics when
leaving her house to minimize her frequency of urination.

CHAPTER 24 Exercise for the Older Adult 947

BOX 24.3 Benefits of Physical Activity and Exercise in the Older Adult (Reprinted with permission
from the Office of Disease Prevention and Health Promotion185)

Strong Evidence
■ Lower risk of early death
■ Lower risk of coronary heart disease
■ Lower risk of stroke
■ Lower risk of high blood pressure
■ Lower risk of adverse blood lipid profile
■ Lower risk of type II diabetes mellitus
■ Lower risk of metabolic syndrome
■ Lower risk of colon cancer
■ Lower risk of breast cancer
■ Prevention of weight gain
■ Weight loss, particularly when combined with reduced calorie

intake
■ Improved cardiorespiratory and muscular fitness
■ Prevention of falls
■ Reduced depression
■ Better cognitive function (for older adults)

Moderate to Strong Evidence
■ Better functional health (for older adults)
■ Reduced abdominal obesity

Moderate Evidence
■ Lower risk of hip fracture
■ Lower risk of lung cancer

■ Lower risk of endometrial cancer
■ Weight maintenance after weight loss
■ Increased bone density
■ Improved sleep quality

Other Benefits
■ Enhanced immune function through aerobic training.

Aerobic, not resistance, training has been shown to impact
chronic inflammation and thereby impact the immune
system.101 This strengthens the argument to employ a
multidimensional program in conjunction with a resistance
training program.

■ Improved spatial awareness, visual, and physical reactions.
Fregala et al86 found that spatial awareness and visual and
physical reactions are each improved with resistance training.
This benefit may be related to the decreased risk of falls,
accident avoidance, and improved cognitive function. The
potential cognitive benefits of resistance exercise may
enhance the quality of life in older adults.

■ Increased joint ROM. This is believed to be due to the actual
performance of movement rather than the strengthening
exercises.206

■ Less symptomatic intermittent claudication.190

■ Decreased fall risk.17,68,137,145,187,206,226
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This may result in greater fatigue and uncompensated heart
failure.

The 2016 PAR-Q+ 
The Physical Activity Readiness Questionnaire (PAR-Q) was de-
veloped in 1978 and revised in 2002. The PAR-Q has been used
worldwide as a preparticipation health screening tool to deter-
mine if an individual is healthy enough to participate in exercise
and physical activity. Unfortunately, both of these self-report
forms are outdated and were designed for individuals aged 15
to 69.35,195,239 When used on older adults, there are numerous
false-positive responses, leading to a large portion of older adults
being required to have medical clearance prior to engaging in
physical activity and exercise.41,42,122,212,237,254,255,256 The PAR-Q+
was introduced in 2011 and is frequently revised. The 4-page
2016 PAR-Q+ is available online on the FA Davis web site and
is also available at http://eparmedx.com/?page_id=79. The 2016
PAR-Q+ begins with seven screening questions. If the questions
are answered negatively, the patient is cleared to participate in
exercise. If any of the items are positive, there are follow-up
questions. The 2016 PAR-Q+ differs from prior forms by reduc-
ing the barrier of seeing a physician for medical clearance before
participating in physical activity. “The risks of being physically
inactive far outweigh the small, transient risks seen after acute
exercise in both asymptomatic and symptomatic populations
across the lifespan.”35 The 2016 PAR-Q+ is recommended for
preparticipation screening for outpatient physical therapy as a
component of the physical therapy examination process. 

As physical therapists, use of the 2016 PAR-Q+ does not
eliminate applying clinical expertise employed as exercise 
professionals but builds upon basic examination skills. On-
going monitoring is a critical component of physical therapy.
Obtaining vital signs at resting, immediate post activity, and
recovery, plus perceived exertion (see page 968 on the Borg
scale) help determine if interventions are at the appropriate
level or if they need to be adjusted in intensity.

Global Health Initiative and the Physical
Activity Vital Signs 
The concept of “Exercise is Medicine”®7 is a global health ini-
tiative developed in 2007 by the American College of Sports
Medicine (ACSM) to elevate physical activity.7,108,135,146 The
focus of EIM is based on the premise that physical activity 
is integral for the prevention and treatment of disease.7 This
initiative is also important for older adults.

To assess the level of physical activity, the ACSM advocates
employing the Physical Activity Vital Signs (PAVS). The PAVS
was first introduced in 2010, demonstrated validity,58 and can
be quickly performed in less than a minute.7 Two questions
comprise the PAVS, which query the average number of days
and minutes an individual performs physical activity. The
questions are:

1. “How many days a week do you engage in moderate to
strenuous exercise (like a brisk walk)?” 

2. “On average, how many minutes per day do you exercise
at this level?”

The PAVS has been found to have a positive impact on
metabolic outcomes.97 In addition, body mass index and obe-
sity are related to the PAVS; the higher the activity level the
lower the body mass index and obesity.98

Fracture Risk Assessment Index and Balance 
Perry and Downey193 stress the need for physical therapists 
to incorporate routine screening of older adults using the
World Health Organizations Fracture Risk Assessment Tool269

(FRAX®) and screening for fall risk. The FRAX® tool is avail-
able online and is available in multiple languages. This tool
looks at country, bone mineral density, age, gender, and clinical
risk factors to calculate the 10-year probability of a fracture.
The clinical risk factors include low body mass index, prior
fragility fracture, parental history of a hip fracture, use of 
glucocorticoids, current smoking, alcohol intake of ≥ three
units/day, rheumatoid arthritis, or other secondary causes of
osteoporosis.163,269 Falls are the causal factor for approximately
90% of all appendicular fractures. Thus, it is critical to assess
fall risk and perform appropriate interventions coupled with
strengthening exercises.184 Refer to Chapter 8 for an in-depth
discussion of balance assessment and interventions. 

Objective Measures to Assess Strength,
Power, Fall Risk, and Functional Mobility 
in the Older Adult
To assess strength, power, fall risk, and functional mobility in
older adults, various tests and measures can be used. Some
commonly performed tests for the older adult to assess
strength and power are handgrip strength, five-time sit-to-
stand test (FTSTS), 30-second sit-to-stand (30s-STS), and 
the time to ascend stairs.72,220,252 When working with the older
adult, the use of a standardized test with a temporal compo-
nent may provide greater insight into the power, balance, 
endurance, reserve, morbidity, and mortality. Table 24.2 high-
lights several measures that may be used when examining the
older adult. The temporal component to a test provides insight
into the individual’s power. The specifics and written guide-
lines for the tests and measures described in Table 24.2 can be
found at several Internet sites, including but not limited to the
ones identified in Box 24.4. 

Power. It is imperative for physical therapists to use tests and
measures to assess power because power is lost quicker than
strength with aging. Power is directly related to an individual’s
ability to maintain independence and the risk of falls. The
greater a person’s power, the more independent and lower the
fall risk.220,238 Because of the explosive nature and time factor
in most of the tests listed in Table 24.2, they provide an objective
measure of power. Of the various tests described in Table 24.2,
grip strength is only slightly associated with power. This test
is valuable as it is a predictor of mobility. In addition, the 
6-minute walk test (6MWT) looks at the maximum distance
a person can cover in 6-minutes and thus how CV pulmonary
considerations and muscular endurance impact performance.
The energy pathways used for each of these tests can be found
in Chapter 7. For example, the 30s-STS is anaerobic and uses

948 Considerations Prior to Implementation of Exercise

5850_Ch24_939-981  24/08/17  10:45 AM  Page 948



CHAPTER 24 Exercise for the Older Adult 949

TABLE 24.2 Tests for Older Adults2,14,88,114,183,192,228,234

Test Description Interpretation

Stair Climb 
Power Test

Gait Speed 
Self-Selected 
AND Fast-Paced

Timed Up 
and Go (TUG)

30-Second 
Sit to Stand

Five Time 
Sit to Stand

Grip strength

6-Minute 
Walk Test 
(6MWT)14

This test, although sensitive, has great variability
and lacks norms.
Recommended to compare pre- and post-
interventions, keeping all factors the same; i.e.,
number of steps, use of railing, up and down or
ascent only, reciprocal or non-reciprocal pattern,
and directions.183

Stair climbing is an item of the Dynamic Gait Index,
and Functional Gait Assessment scoring is not
temporal but is on the impairment scale. 

Normal walking speed is 1.2 to 1.4 m/s; speeds of
≤0.4 m/s are classified as household ambulators,
speeds of 0.4 to 0.8 m/s are classified as limited
community ambulators, and those walking at
speeds of 0.8 m/s to 1.2 m/s are classified as
community ambulators.

Older adults who take ≥12 s are at high risk for
falling. 

An older adult scoring ≤14.5 repetitions is at
increased risk of falling. 

A cutoff score of <15 s is predictive of fallers in
older adults.

In women, 20 kg was identified as a predictor 
for decreased mobility (sensitivity = 0.67, 
specificity = 0.73). In normal-weight men, it is 
33 kg; in overweight men, it is 39 kg; in obese men,
it is 40 kg.

This test was originally developed for chronic
respiratory disease and has since been modified 
in length and applied to different populations
(geriatrics, pulmonary disease, stroke, Parkinson’s,
osteoarthritis).114

The minimal detectable age in geriatrics is 58.21 m
(190.98 ft).192

For the community-dwelling elderly without
assistive devices, the mean distances by age and
gender are as follows:228

Years Males Females

60–69 572 m 538 m

70–79 527 m 471 m

80–89 417 m 392 m

Test not standardized. Functionally based
measure of leg strength, power, and functional
performance in older adults. 
Patients are timed on their ascent of stairs. A
handrail can be used for safety but not to
assist the ascent. 

A straight path is used of 10 m or 20 m in
length, individuals are timed for the middle 
5 m or 10 m to eliminate acceleration and
deceleration time.
Comparing the self-selected to fast-paced gait
speed provides input on a person’s gait reserve.

From sitting in a standard chair, individuals are
timed as they rise from sitting, walk 3 m (10’),
turn, walk back to chair, and sit.

From sitting in a standard chair, the number 
of repetitions an individual performs of sit to
stand are counted in 30 s.

From sitting in a standard chair, individuals are
timed for the repeated performance of five
repetitions from sit to stand.

From sitting in a standard chair with back,
pelvis, and knees close to 90°, shoulder
adducted and neutrally rotated, elbow flexed
at 90°, forearm neutral, wrist held between 0°-
15° of ulnar deviation; forearm is not
supported by examiner or armrest;
dynamometer is presented vertically and in
line with the forearm; the maximum grip is the
mean of three trials.

A submaximal walking test measuring the
maximal distance an individual can walk in 
6 minutes. 
Walkway recommended is 30 m (100 ft),
instructed to walk pathway for 6 minutes
continually. Permitted to rest as needed. The
distance walked in 6 minutes is measured.
Gathering data on the level of perceived
exertion and vitals enhances interpretation.
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ATP-PC and lactic acid while the 6MWT is aerobic and uses
oxidative phosphorylation.162

Gait, falls, balance, endurance. Gait or walking speed is a
commonly performed test that can predict future health 
status, functional decline, risk of falling, and fear of falling.
The progression or regression of walking speed is linked to
changes in the quality of life.88

■  The Timed Up and Go (TUG) can assess fall risk and
shed insight into power, gait, and balance status of an 
individual.51,160,199,219,262

■   The 30s-STS is used to assess lower body strength, power,
muscular endurance, and balance.51,126,165,273 Another option
to assess STS is the FTSTS test, which assesses strength, power,
and balance.26,37,66 Assessing STS for 30 seconds allows greater
insight about the patient’s muscular endurance.263

Grip Strength. Grip strength, similar to gait speed, is reported
to predict mortality, disability, and time spent in a hospital and
can be considered a vital sign.24,25 Negative health outcomes can
be predicted from a weaker hand grip value.24,25,69,136,158,188,241

Exercise Prescription 
for the Older Adult

Multidimensional Program
A balanced exercise program of aerobic, flexibility, balance,
and resistance exercises should be a part of healthy living
(Fig. 24.3) and is essential for the older adult.43,129,164 The

principles of developing exercises for each of these param-
eters are described in Part II of this textbook, with guide-
lines for each region of the body in Part IV. The effects of
aging on the body systems and special concerns that these
have in older adults are presented earlier in this chapter.
Also, the importance of a detailed examination for the older
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BOX 24.4 Websites Where Standardized Tests
and Measures Can Be Found

American Physical Therapy Association, and the Neurology
Section Outcome Measures Recommendations: 
http://www.neuropt.org/professional-resources/
neurology-section-outcome-measures-recommendations

Assessments, Stroke Engine: http://www.strokengine.ca/
assess/

Australian Lung Foundation, Pulmonary Rehabilitation Toolkit:
http://www.pulmonaryrehab.com.au/index.asp?page=2 

Centers for Disease Control STEADI Older Adult Fall Prevention:
http://www.cdc.gov/steadi/51

Geriatric Examination Tool Kit by the Academy of Geriatric
Physical Therapy: http://geriatrictoolkit.missouri.edu/
SoG-Joint-Report-2013-GCode-Tests.pdf 

Osteoarthritis Research Society International recommended
performance-based tests: http://oarsi.org/sites/default/
files/docs/2013/manual.pdf 

Outcome Measures in Stroke Rehabilitation, Chapter 21,
Evidence-Based Review of Stroke Rehabilitation: http://
ebrsr.com/evidence-review/21-outcome-measures 

Rehabilitation Measures Database: http://www.rehabmeasures.
org/default.aspx 

FIGURE 24.3 A balanced exercise program includes (A) aerobic,
(B) flexibility, 

A

B
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patient in order to identify the structural and functional
impairments and related comorbidities is emphasized in
order to develop a safe exercise program. The key point is,
the exercise program should challenge the patient at his or
her current level and then must be progressed so functional
goals can be attained while monitoring the older adult for
safety at all times. 

Aerobic Exercise for the Older Adult
Principles of aerobic exercise are described in Chapter 7, 
including specific guidelines for patients with coronary dis-
ease, the deconditioned individual, and patients with chronic
diseases, as well as for the older adult in general. 

Guidelines Revisited
When providing instructions for aerobic exercises with the
older adult, it is important to remember:

■  Maximum heart rate is age related and decreases with age
(220 minus age is a general guideline).

■  Stroke volume decreases with age, resulting in decreased
cardiac output.

■  Arteriovenous oxygen difference decreases as a result of de-
creased lean body mass and low oxygen-carrying capacity.

■  Maximum oxygen uptake decreases so that aerobic capacity
decreases about 10% per decade in sedentary men.

■  Blood pressure increases because of increased peripheral
vascular resistance.

■  Respiratory rate increases and maximum voluntary venti-
lation decreases with age.

Recommendations
Recommendations for aerobic training are to participate in
150 minutes of moderate-intensity aerobic activity (brisk
walking) or 75 minutes of vigorous-intensity aerobic activity
(jogging or running) every week or an equivalent mix of
moderate and vigorous intensity aerobic activity, Bouts of 
activity may be as short as 10 minutes at a time, just so the
total time is obtained per week.197

Talk test. The talk test is a simple concept that can be em-
ployed when working with patients. The concept of being
able to maintain a conversation or talk while performing
an activity is thought to correlate with moderate-intensity
aerobic exercise, while only being able to say a few words
without taking a breath or having difficulty maintaining a
conversation correlates with vigorous intensity. The talk 
test has been demonstrated to be a gauge of aerobic exercise
intensity.50,84,194,207,268

Flexibility Exercises for the 
Older Adult
Principles of stretching and flexibility exercises are presented
in detail in Chapter 4. 

Guidelines Revisited
When providing instructions for mobility exercises with the
older adult, it is important to remember:

■  A low-intensity, long-duration stretch is the safest and most
effective form of stretch.

■  With age, there is a decrease in the maximum tensile
strength and the rate of adaptation to tissue stress is
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FIGURE 24.3—cont’d (C) resistance, and (D) balance exercises.

C

D
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slower resulting in increased tendency for tears with
stretching.

■  With co-morbidities such as nutritional deficiencies, hor-
monal imbalances, and dialysis, connective tissue may be-
come injured at lower levels of tissue stress.

Recommendations
For long-lasting effects of flexibility and stretching, it is crit-
ical to use any newly gained range of motion (ROM). Encour-
age the older adult to include daily activities that require
reaching overhead, out to the side, and behind the back, as
well as moving their trunk, neck, and lower extremity joints
through as much ROM as possible. 

Balance Training for the Older Adult
Chapter 8 provides background material and principles of ex-
ercises for impaired balance and includes an extensive section
on evidence-based balance exercise programs for fall preven-
tion in the elderly. Later in this chapter (see the section on
Common Disorders in Older Adults and Exercise Recommen-
dations), there is a discussion on the risk of falls in the older
adult with a detailed discussion on the importance of balance
training as well as strengthening exercises and task-specific
exercises to reduce the risk. 

Guidelines Revisited
When providing instructions for balance exercises with the
older adult, it is important to remember:

■  Be sure the person has good sitting balance before proceed-
ing to standing activities

■  Have safety measures in place such as a secure surface
where the individual can grab with one or two hands if
necessary

■  Challenge the person at a level where they are safe. Consider:
■ Base of support (standing double leg, tandem stance,

single leg stance)
■ Support surface (stationary, flat, moving, soft, wobble

board)
■ Superimposed movements (head, trunk, extremity, small

to large range)
■ Perturbations (anticipated, magnitude, speed)
■ Surroundings (nonmoving, moving)

■  Incorporate functional tasks when ready 
■ Sit to stand using hands on arm rests, progress to no use

of hands
■ Rising up on toes; progress to toe walking
■ Rocking back onto heels; progress to heel walking
■ Walk, then turn around
■ Side walking, backward walking
■ Reaching overhead, behind, to each side, toward the floor

Recommendations
Exercise classes such as tai chi or other group balance exer-
cise programs may provide a fun environment while teach-
ing movement patterns that require balance. Encourage each

individual to perform balance activities independently at
home at least 15 to 20 minutes per day and progress to more
challenging activities as able. 

Resistance Exercise for the 
Older Adult
Principles of resistance exercise and general procedures for 
developing resistance programs are described in detail in
Chapter 6. Resistance exercises are often neglected as a person
ages, yet research has documented the value of strength training
for maintaining functional independence as well as recovery
from various pathologic conditions.101,104,117,137,185,187,190,206

High intensity progressive resistance exercise has been demon-
strated to be safe in older adults up to 96 years of age.206 Al-
though the principles of resistance exercise training for younger
adults also apply to older adults,233 the exercises may need to
be modified due to medical conditions such as osteoporosis,
progressions may be slower because of degenerative changes,
greater attention to safety and injury prevention may be nec-
essary due to cognitive as well as physical changes, and sessions
may be delayed due to fluctuations in blood glucose (BG) levels.
This fluctuation in BG is not unique to older adults; it is men-
tioned here due to diabetes being one of the most common
causes of death in older adults and one of the most common
chronic diseases in older adults (see ONLINE Table 24.1). 

Although nonspecific exercise is better than no exercise, it is
essential for older adults to receive an individualized examina-
tion of their specific needs and be prescribed a program to
meet those needs. This must be coupled with ongoing moni-
toring and changes in the program.17 Each exercise session
should incorporate a warm-up, flexibility, functional or sport-
specific exercise, and cool-down.196 The “sport-specific exercise”
component is interpreted as functional retraining and balance
exercises for the older adult who is not involved in sports. 

As with any patient, when initiating progressive resistance
exercises with the older adult, the exercise must be supervised
and modified so the patient performs the exercise correctly.
Too often patients use compensatory strategies when exercis-
ing or may fail to do the exercise correctly. Thus, when intro-
ducing a patient to resistance exercises, initially use a lower
weight to enhance learning the correct technique.206 This also
enables the connective tissue to adapt to the training with
gradual increases in the number of repetitions and resistance
to achieve overload.195,197

Safety and Special Precautions 
Although resistance training has been shown to be safe in
older adults, ongoing exercise supervision is necessary to
assess for overtraining weakness, exacerbation of a mus-
culoskeletal complaint, or exercising above the patient’s
level of the CV, pulmonary, or musculoskeletal capabilities.
Use subthreshold intensities if symptoms increase with 
exercise. When performing resistance exercises, normal
breathing is advocated,164,195 and work only within the
pain-free ranges.195 

952 Exercise Prescription for the Older Adult
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Guidelines Revisited and Recommendations

Exercise and Equipment Choices
Based on the results of the examination, determine what
muscles and patterns of movement need to be strengthened
to achieve the established goals. Determine safe positions
and appropriate equipment that will match the capability of

the patient at his or her current level, provide a challenge to
progress, and address the specificity of training principle 
in order to meet the needs of the patient. For example, a 
patient who is seen in a home care setting may do well with
functionally based resistance exercises such as those illus-
trated in Figure 24.4. 
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FIGURE 24.4 An example of a program that can be done in the home-care setting. (A) Ambulation and stairs, (B) mini-squats, (C) modified
push-ups and/or planks, (D) lateral step-ups,

A B

C D
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A patient who has access and enjoys using a fitness fa-
cility may prefer machines that provide resistance, while an-
other patient may prefer free weights. The use of elastic
resistance bands has also been found to be effective and
valuable for strength and power training in older adults and
can easily be adapted for use in the clinic, gym, or home
setting (Fig. 24.5).89,110,148,157,238 Some forms of resistance

may meet several goals. For example, patients may wear a
weighted vest for strengthening purposes and/or to increase
body weight with the benefit of enhancing bone density.
(The use of a weighted vest will be discussed in the osteo-
porosis section.) A secondary benefit to using weight train-
ing machines is improvement in balance. This is due to the
need for multiple transfers and transitional movements to
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FIGURE 24.4—cont’d (E) hip abduction, (F) heel rises, and (G) repeated sitting push-ups/sit to stand.

E F

G
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get on and off of the exercise equipment. If a person does 
3 sets of 10 different exercises on 8 machines, that individ-
ual will perform many transfers.

Table 24.3 provides suggestions of exercises that can be
used to include 8 to 10 muscle groups in a resistance train-
ing program for the older adult. Many of the exercises are

illustrated in the spine and extremity chapters (see Chapters 16
through 23).

Exercise and Equipment Choices: Modifications
When working with an older adult patient, the presence of co-
morbidities such as shoulder OA, rotator cuff injury, osteopenia,
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FIGURE 24.5 Examples of exercises that can be done using elastic resistance bands in the home setting. (A) Mini-squats/leg press, (B) hip
abduction with lateral rotation, (C) shoulder presses, (D) lat pull-downs, 

A B

C D
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FIGURE 24.5—cont’d (E) biceps curl, and (F) weight-bearing hip abduction with the patient walking sideways (or performing repeated hip
abduction).

E F

Hip extension 
Knee curls
Hip extension with knee flexion

Knee extension with long and
short arc quads
Straight leg raise

Supine, prone, and side-lying hip
abductions
Clam shells
Standing/cable, elastic band hip
abductions

Bridging (hamstring
recruitment is greater with
less knee flexion; gluteal
recruitment is greater with
more knee flexion)

Mini-squats
Wall squats
Steps 
Lunges

Standing hip abductions,
works the limb abducting and
isometrically the weight-
bearing limb
Elastic resistance around distal
thighs or ankles and monster
walk

Leg press
Hip extension machine

Knee extension
machine

Hip abduction machine

TABLE 24.3 Resistance Training of Key Muscle Groups for Older Adults Using Machines, Weight Bearing,
and Dynamic Constant External Resistance 

Dynamic Constant External 
Resistance (DCER) Using Free 
Weights, Resistance Bands, 
Weighted Balls, Cable 

Muscle Group Machine Weight Bearing System, etc.

Hip Extensors 

Knee Extensors

Hip Abductors

Continued
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TABLE 24.3 Resistance Training of Key Muscle Groups for Older Adults Using Machines, Weight Bearing,
and Dynamic Constant External Resistance—cont’d

Dynamic Constant External 
Resistance (DCER) Using Free 
Weights, Resistance Bands, 
Weighted Balls, Cable 

Muscle Group Machine Weight Bearing System, etc.

Hip External 
Rotators

Ankle Plantar 
Flexors

Trunk Flexors

Trunk Extensors

Scapular 
Retractors, 
Shoulder 
Extensors 

Shoulder 
External 
Rotators

Shoulder 
Abductors

Elbow Flexors

Elbow Extensors

Sitting or side-lying clam shells
with elastic resistance around
knees

Heel rises holding weights; long
sitting with elastic resistance
under foot

Curl-up/crunches
Stabilization exercise progression
beginning supine, progressing to
sitting and standing with
resistance

Stabilization exercise progression
beginning in quadruped,
progressing to sitting and
standing with resistance

Y and T positions with weight in
prone or over a large gym ball;
sitting using elastic resistance/
cable system

Side-lying or sitting shoulder
external rotation

Lateral raises
Shoulder flexion
Shoulder extension

Curls

Elbow extension

CONTRAINDICATION: Trunk 
flexion (curl-ups and crunches) 
with osteopenia/osteoporosis

Monster walks with elastic
resistance around knees
Diagonal hip abduction/
external rotation with elastic
resistance around ankles to
emphasize gluteus medius

Heel rises

Plank
Side plank
Ball roll out using a large gym
ball
Modify exercises if painful,
shoulders may need to be in
less flexion

Bridging

Corner press-out (with back 
to corner)

Quadruped moving diagonally
or straight plane
Moving a ball on the wall

Pull-ups and assisted pull-ups;
using an assist may enable
successful performance of
pull-ups; seated pull-ups

Push-ups with a plus
Wall push-ups with a plus
Dips

Leg press

Straight and rotational
abdominal machine 

CONTRAINDICATION:
Trunk flexion with poten-
tial or actual diagnosis of
osteopenia/osteoporosis.
Alternative is stabilization
exercises.

Trunk extension
machine

CAUTION: arthritis or
stenosis may cause neu-
rologic symptoms

Pull down machine,
rowing

Cable system

Lateral raise machine

Biceps curl machine

Elbow extension
machine
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or a loss in ROM, result in a need to modify exercises to the pa-
tient’s ability (Fig. 24.6). The exercises should not be painful or
exacerbate a potential problem. For example, rather than per-
forming trunk curls or crunches, which cause vertebral body
compression, have the patient with osteoporosis do partial range
on a large gym ball or BOSU(tm) to a neutral spine position
avoiding full range into trunk flexion.

Exercise modifications that challenge the individual can
also be adapted for those who have the loss of independent
ambulation (Fig. 24.7). The patient’s constraints dictate the
selection of the interventions. For example, if a patient has lim-
ited space, performing exercises at their kitchen counter may
provide a stable surface for closed chain and balance exercises
(see Fig. 24.4 B, C, E and F and Fig 24.9 later in the chapter). 
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FIGURE 24.6 Examples of exercise modifications to meet the needs of older adults. (A) Abdominal strengthening without going into trunk
flexion using a large gym ball through partial range, (B) sitting balance combined with strengthening extensor postural muscles, (C) posture
training using a wall for tactile cues, and (D) weight-bearing plantar flexion with support.

A B

C D
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Intensity of Exercise
Intensity is based on load, repetitions, and sets as described in
Chapter 6. Avers and Brown16 report that when exercise or ac-
tivities are performed below the 60% 1 RM, slight improve-
ments of 5% to 10% may occur on strength tests but that
recruitment of motor units and motor learning rather than ac-
tual strength changes in the muscle may be the reason. The initial

rapid strength gains achieved following the start of resistance
training is attributed to neural adaptations and motor learning.
Patients are often discharged from therapy before the 12 weeks
necessary to achieve actual strength gains.210 Thus, it is essential
for therapists and assistants to educate the patients on the need
to continue exercising following discharge by participating in
community based programs or by exercising independently.
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FIGURE 24.7 An example exercises that have been modified to meet the needs of an older adult in a wheelchair. (A) Scapular protraction
with resisted band, (B) seated step ups (raise height as patient improves), (C) sitting push-up with feet on the floor, and (D) seated diagonal 
patterns with ball (can use weighted ball).

A B

C D
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Borg scale. The original Borg 6 to 20 scale (see Box 25.4 in
Chapter 25) was designed to match the heart rate response;
i.e., a score of 9 was correlated with very light effort and a
heart rate of 90 beats/minute.30 The 6 to 20 scale was con-
sidered difficult to understand, so the revised 0 to 10 scale
was developed (see Box 6.6 in Chapter 6). Although subjec-
tive measures of exercise intensity, both Borg scales provide
valuable insight into the intensity of exercise. To determine
60% of a 1-RM intensity, various strategies may be em-
ployed. Avers and Brown16 report the 60% threshold is when
an individual can perform 15 repetitions with a rating of per-
ceived exertion (RPE) of 12 to 13 on the original Borg scale
or a 3 to 4 on the modified Borg scale. This is described as
work or effort of “fairly light” to “moderately hard.” When
using either Borg scale to measure intensity, it is critical to
take the time to explain the scale including the values at each
end of the scale. The patient is advised to rate their total
amount of exertion and fatigue combining all sensations in-
cluding physical stress, effort, and fatigue and to avoid focus-
ing on one aspect such as leg pain. The therapist should
confirm the patient’s self-report or level of exertion by re-
peating the number back to the patient. The use of either of

Borg’s RPE scales is especially helpful when heart-rate meas-
urements are difficult or when a patient is on medications
that impact heart rate responses to physical activity.29,195,248 

Determining amount of resistance. Another approach to
selecting the correct intensity is to teach the correct exercise
performance at a lower intensity (load) and observe the per-
formance of the exercise, noting any change in the quality of
performance, such as muscle substitutions or inability to go
through the entire range. (Refer to Box 6.2 in Chapter 6 for
specific signs of muscle fatigue.) If the individual is able to
complete 8 repetitions correctly but less than 15, the intensity
is appropriate. If unable to complete 8 repetitions or shows
signs of muscle fatigue, the weight should be decreased. If 
15 repetitions is too easy, the weight should be increased.

Various strengthening protocol intensities are recom-
mended for the older adult. Table 24.4 highlights several of
these for comparison.

Sets
Research by Ribeiro and colleagues210 demonstrated that per-
forming 3 sets of resistance training is more effective for
strengthening muscles than performing 1 set of exercises in
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Initiate power
once 2 sets of an
exercise are
performed with
good form and
no pain at an
initial load 20% of
1 RM. Gradually
increase toward
60% of 1 RM.

Not addressed

Must include
higher velocity
resistance
exercise
incorporated into
training

Set reps at desired
intensity

8-12 reps 

10-15 reps

2-3 times/
week;24 to 
48 hours of
rest between
sessions of
same muscle
group

≥2-times/
week

2-3 days/week

Increase
load 2%-10%
once able to
perform 12
to 15 reps

Gradual
increases in
the amount
of weight 
or the days/
week

Not specified

1 set for
untrained
individuals,
(more sets if
possible,
although risk
of injury
increases with
multiple sets) 

1 set if goal is
to increase
strength; 
2-3 sets are
more effective

2 to 3 sets

TABLE 24.4 Three Recommended Resistance Training Protocols for Older Adults

Repetitions per Set 
Intensity Sets (reps/set) Frequency Progression Power

Recommendations from Avers and Brown.16

60% of 1 RM is the 
minimal exercise 
load necessary

Recommendations from Haskell et al108 and Nelson et al.179

Moderate to high 
intensity (on 
modified 
Borg 3 = moderate 
and 5 = strong or 
heavy)

Recommendations from Symons & Swank.233

50%-80% 1 RM
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older women following 12 weeks of training. Thus, when ad-
vocating continuation of progressive resistance exercise
training after a patient is discharged from physical therapy,
if the goal is to continue to increase muscle strength, three
sets are recommended.210 Ratamess and colleagues205 recom-
mended a 1- to 2-minute rest between moderate velocity sets
but an increase to 3 to 5 minutes of rest for high-velocity
training. In lieu of a patient or client sitting on a piece of
equipment for that rest period to expire, it is recommended
that the person employ active recovery and work a different
muscle group. For example, to apply active recovery to Lou,
described in Case 1 in Box 24.1, he would perform his
strengthening exercises by doing one set on the leg press 
machine, then one set on the hamstring curl machine, then
one set on the rowing machine, and then one set of dips.
After completing the first set of all four exercises, he would
repeat the circuit for a second set and then a third set. The
cycling through of different muscle groups provides the
needed rest or recovery.

Frequency of Exercise
Twenty-four to 48 hours are recommended between resist-
ance training sessions for the same muscle groups for safe
adaptation when working at an intensity of 60%.129 In vari-
ous practice settings, such as acute care, subacute rehabilita-
tion, and skilled care, patients may be seen once or twice
daily 5 to 7 days/week. In these circumstances, focusing on
different muscle groups or varying activities such as task-spe-
cific skills, posture, balance, endurance, strengthening, and
stretching should be alternated between sessions in order to
allow tissues to safely adapt.16 Incorporating other dimen-
sions of rehabilitation, such as neuromuscular re-education
and balance exercises, is invaluable when considering the po-
tential need for functional interventions. The need to employ
a multidimensional exercise program, as described in the
next section, is recommended.129, 157 A minimum frequency
of performing a strengthening exercise to impact bone and
muscle is two sessions/week.129 

Speed of Exercise—Power
With aging there is a preferential loss of power attributed to
the loss of type II muscle fibers and a decrease in velocity of
contraction.112,208,213 Power training should not be imple-
mented with the older adult until a base has been established;
i.e., the ability to perform three sets of each exercise prior to
adding a power component to the training.

To address power, the rapid movement of light resistance
is described as most practical and widely acceptable.208 Pa-
tients should perform the concentric phase of each repetition
as rapidly as possible, with the combined eccentric-concentric
cycle being approximately 2 to 3 seconds.110,167,208,232

(Table 24.5 provides guidelines for power training with older
adults.112) Similar to the guidelines for resistance training, a
48-hour recovery is recommended between power training.
Mizko and colleagues167 found power training to be more ef-
ficacious than strength training to improve function in com-
munity dwelling older adults (mean age 72.5 +/- 6.3 years).

Progression
When progressing an exercise program, the same guidelines
follow as for other populations but with continual monitoring
for safety and the potential onset of injury or overwork weak-
ness. It is essential to start at lower intensity and progress
slowly.

Functional Training for the 
Older Adult
Functional training is most often geared toward attaining
independence or improving basic activities such as steps,
raising up and lowering self in a chair, reaching items over-
head or on the floor, or simply walking. Efficiency, time to
perform a task, effort, and the quality of the task may be 
incorporated in the interventions. The tests described in
Table 24.2 will help to guide the therapist in designing 
appropriate interventions to enhance function. Thus, if the
problem is sit to stand, then the patient needs to work on
the task of sit to stand. If, initially, the muscles are too weak
to perform the function without substitution, then focusing
on the specific weak muscles also becomes part of the exer-
cise intervention.

Common Disorders in Older
Adults and Exercise
Recommendations

With the “graying of America” and the life expectancy increas-
ing, many diseases that affect older adults have become more
prevalent. In this section, several common problems seen in
older adults provide a background prior to discussing exercise
interventions. One’s medical diagnosis does not define the
physical therapy treatment plan, although knowledge of the
medical condition alerts the therapist to special considerations,
precautions, and/or contraindications to interventions. The
medical diagnosis should be used in conjunction with the
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TABLE 24.5 Guidelines for Incorporating Power
Into Resistance Training for Older
Adults112 

Set 1 8 repetitions 45% 1 RM

Set 2 8 repetitions 60% 1 RM

Set 3 ≥8 repetitions 75% 1 RM

The concentric portion of each repetition should be
performed as rapidly as possible. The eccentric portions
should be controlled over approximately 3 seconds.
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clinical examination to determine the structural and functional
impairments and to establish realistic goals for improving par-
ticipation in functional activities. Numerous chronic condi-
tions, as listed in ONLINE Table 24.1, and multiple other illness
and injuries may threaten the older adults’ independence. This
section addresses common conditions and diagnoses seen in
older adults, including falls, osteoporosis, sarcopenia, OA, obe-
sity, cancer, T2DM, and incontinence. Each of these will be
briefly described with cross references to other chapters within
this text where additional information is presented.

Falls in Older Adults
Background
As people age there is an increased incidence in the number
of falls. One out of every three older adults falls each year, with
20% of those falls resulting in serious injuries.17,51,90,109,116 This
incidence is even greater in the institutionalized elderly.
Over the past decade, the number of deaths directly attributed
to the injuries from falls has increased and is anticipated to
increase with the aging of the Baby Boomer generation. 

Fall Risk Assessment
All older adult patients should be screened for fall risk.17,51

Each patient should be asked:

1. Have you fallen in the past year?
■ If yes—how many times did you fall?
■ If yes—were you injured when you fell?

2. Do you feel unsteady when standing or walking?
3. Do you have a fear of falling?

The above three questions are from the CDC’s Stopping
Elderly Accidents, Deaths, and Injuries (STEADI) initiative.51

Screening items 1 and 2 are also recommended by Avin and
colleagues in the Clinical Guidance Statement from the Acad-
emy of Geriatric Physical Therapy on the management of falls
in community-dwelling older adults.17 The need to perform
a multifactorial fall risk assessment is not necessary for all pa-
tients 65 and older but is essential when screening indicates a
prior fall in the past 12 months, difficulty with walking or bal-
ance, or a fear of falling.17

CLINICAL TIP
The STEADI Older Adult Fall Prevention51 website from 
the CDC is valuable for all therapists and assistants working
with older adults: http://www.cdc.gov/steadi/index.html. The
STEADI initiative provides a comprehensive tool kit with 
educational information for health-care providers and older
adult patients. Instructional videos and a webinar are also
available. An Algorithm for Fall Risk Assessment and Inter-
ventions developed by the STEADI initiative is shown in 
Figure 24.8 to provide guidance for screening, examination,
and interventions useful for physical therapists working with
the older individual at risk for falling.51

Importance of Exercise to Reduce Fall Risks
A multidimensional program that includes resistance exer-
cises, balance exercises, task specific training (gait, sit to stand,
rising from the floor), correction of both environmental haz-
ards, and selection of proper footwear should be included in
patient interventions.17.145-227 The Academy of Geriatric Phys-
ical Therapy of the APTA list these five specific recommen-
dations based on strong level 1 evidence.17

Nonspecific exercise, low-intensity exercise, and generic
group exercise programs may not meet the needs of older
adults and reduce fall risk.17 It is critical to recognize the
need for long-term adherence: a dosage of at least 50 hours
of challenging exercise (e.g. 2 hours/week for at least 6 months)
is needed.17 Improvements do not occur spontaneously and
require more time than is generally approved by insurance
companies; therefore, education on the importance of con-
tinuing the prescribed exercise program is critical. 

Resistance Training 
Improvements in balance and a decrease in falls occur from
strength training in older adults.137,145 The causes of falls are
multifactorial with weakness of the legs being an intrinsic risk
factor. Strengthening the muscles of the trunk and lower ex-
tremities with resistance exercises and power training is re-
lated to reducing falls.68,137,187 Strength training has been
found to benefit postural control and to decrease variabil-
ity of reactions during stabilization training.68 In addition,
strengthening the trunk muscles has been shown to improve
performance of ADLs in older adults by contributing to effi-
ciency in use of upper and lower extremities and improved
balance. A systematic review by Grenacher and colleagues96

supports the use of core strengthening and Pilates exercises
either as an adjunct with or alternative to traditional balance
and/or resistance training programs for older adults. 

Tai Chi
Tai chi is a mind and body practice that arose centuries ago
from Asia. It incorporates postures, gentle movements, mental
focus, breathing, and relaxation and has proven to be benefi-
cial in decreasing fall risk.130,148,173 When the movements are
performed quickly, tai chi is considered a form of self-defense.
Tai chi also benefits heart disease, cancer, and other chronic
diseases such as Parkinson’s, OA, and fibromyalgia. It has been
reported to improve pain, sleep, and anxiety.173 When per-
forming tai chi, strength, self-awareness, deep breathing, static
and dynamic balance, ROM, endurance, positioning and pos-
tural awareness, weight bearing, and relaxation are incorpo-
rated into the various movements performed.130,148,173

Balance Training
The ability to maintain balance requires complex integration
of the somatosensory, visual, and vestibular systems—all of
which are affected with aging. Impairments involving balance
are described in detail in Chapter 8, with a description of risk
assessment (see Tables 8.2 and 8.3) and interventions (see
Boxes 8.4 and 8.5, Table 8.4, and related figures in Chapter 8).
Similar to progressing resistance exercises, progress balance
interventions that safely challenge the patient (Fig. 24.9).
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FIGURE 24.8 Algorithm for Fall Risk Assessment and Interventions from STEADI51 (Reproduced with permission from the Centers for Disease
Control and Prevention: http://www.cdc.gov/steadi/)
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Osteoporosis
Background
Osteoporosis is considered to be the most common bony dis-
order resulting in risk of fractures. Peak bone mass is attained
by the third decade of a woman’s life with approximately 30%

loss by age 80. The morbidity and mortality of hip fractures
is one of the three most common fractures associated with
osteoporosis. Hip fractures result in up to a 25% increase in
mortality within 1 year following the fracture, with another
25% of patients requiring long-term care and the remaining
50% not attaining their pre-hip fracture status.184 (Refer to
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FIGURE 24.9 An example of balance exercise progression in the home setting by modifyingthe amount of support through the hands. 
(A) Both hands using light tactile cues, with eyes closed for greater challenge; (B) both hands hovering above the support surface, with eyes
closed for greater challenge; (C) one-legged standing; and (D) tandem Romberg.

A B

C D
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Chapter 6 and Box 6.13 for a discussion of pathological frac-
tures and precautions, and to Chapter 11 for a detailed de-
scription of osteoporosis and recommendations for exercise
interventions.) 

Considerations for Interventions
Strength training, weight-bearing exercises, and postural ex-
tension exercises are hallmark interventions for older adults
for primary, secondary, and tertiary prevention associated with
osteoporosis or osteopenia. Generally this is coupled with a
well-balanced diet, adequate calcium and vitamin D, smoking
cessation, minimal alcohol consumption, fall prevention
strategies, and possible pharmacological interventions.184,265

Box 24.5 summarizes considerations and recommendations
when working with the older adult with or at risk for osteo-
porosis. (See also Box 6.13 in Chapter 6 for precautions that
should be taken with resistance exercise.)

Importance of Exercise in Managing
Osteoporosis

Postural Training 
The employment of spinal extension and postural exercises 
is critical when considering the incidence of compression
fractures in individuals with or at risk of osteoporosis. Schultz
and colleagues215 found that with the trunk at 30° of flexion,
the compression load on the third lumbar vertebra is 1,800 N
with the arms at the chest and 2,610 N when holding 2 kg

(4.4 lb) of weight in each hand. This is significantly greater
than the 300 to 1,200 N of force necessary to fracture an 
osteoporotic vertebra.77 

Resistance Training and Weight-Bearing Exercises 
Muscle contractions and mechanical loading of the spine and
extremities utilizing resistance training and weight-bearing
exercises stimulate osteoblastic activity for improving bone
density and reducing fracture risk.27,118,200 Weight-bearing
and endurance activities (three to five times/week) and resist-
ance exercise (two to three times/week) are recommended for
bone health.134 A systematic review on the effectiveness of re-
sistance exercise for older adults with decreased bone density
concluded that resistance training was beneficial on the self-
reported physical function and ADLs.265 

Weight-bearing exercises such as walking, jogging, and
stair climbing also have the benefit of improving cardiopul-
monary fitness. These interventions for primary, secondary,
and tertiary osteoporosis are summarized in Table 24.6. 

Weighted Vests
Another less commonly used option but one that shows pos-
itive results is the use of a weighted vest in the management
of osteoporosis (Fig. 24.10).110,218,224,267 Weighted vests are
also used for power training, walking, and other activities.
Weighted vests increase resistance and body weight while ex-
ercising, walking, and performing ADLs. Increasing an indi-
vidual’s weight via the vest serves as a stimulus for increasing
bone density while the wearer is physically active. 

Recommended guidelines for use of weighted vests. It is
essential that the vest is adjustable, that the majority of the
weight be on the pelvis, and that there are no areas causing
pain. Similar to the use of orthotics, when initiating the use
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BOX 24.5 Considerations and
Recommendations for Management
of Patients With Osteoporosis

Considerations
■ Height loss of >1.5” (3.8 cm) increases the likelihood of a

vertebral fracture being present184

■ At high risk for fragility fractures
■ When trunk is in flexion, there is greater compressive loads

on the vertebra
■ Only 20% of individuals with osteoporotic compression

fractures receive treatment

Recommendations
■ Screen all patients for fall risk. 
■ Utilize the FRAX to screen all patients for fracture risk.193,269

■ Educate on risks and importance of exercise. 
■ Have the patient:

■ Perform weight-bearing, strengthening exercises and
resistance exercise that emphasize postural extension
two to three times/week.

■ Perform endurance, weight-bearing activities three to 
five times/week.

■ Perform core and abdominal strengthening in a nonflexed
position.

■ Employ good body mechanics with spine in neutral.
■ Make appropriate referrals for bone density screening and

nutritional consult.
FIGURE 24.10 (A) Anterior and (B) posterior images of a weighted
vest used in the management of osteoporosis and/or to increase
body weight for resistance exercises.

A

B

5850_Ch24_939-981  24/08/17  10:46 AM  Page 965



TABLE 24.6 Management of Primary, Secondary, and Tertiary Osteoporosis 

Description Clinical Examples Interview, Tests, and Measures Interventions

of weighted vests, start slowly and progress gradually. Shaw
and Stone218 used a beginning vest weight of 5% of body
weight with a 1% to 2% increase until 10% of body weight
was achieved. This was followed by a more gradual 0.5% to
1% increase in weight every 2 weeks until 20% of body
weight was attained. It is recommended that the vest be worn 
3 days/week for resistance power exercises such as jumping or
for several hours daily while being active.85,218,224,267 A website
selling the vests advocates 1 hour/day, 5 days/week, with a
maximum vest weight of 16 pounds.85 Because there is a

paucity of clinically based evidence related to usage, the au-
thors of this chapter recommend monitoring patients for
their ability to maintain good posture and the absence of pain
with a gradual, monitored increase in vest weight until attain-
ing a desired weight. Similarly, the time spent wearing the vest
is to start low and gradually progress usage. The use of the
weighted vest for low-weight individuals should be used as
long as the individual is ambulatory and able to tolerate it. If
necessary or in response to medical changes, the amount of
weight should be adjusted appropriately. Guidelines for their
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Focus on
education,
postural and
weight-bearing
exercises,
resistance
training, body
mechanics, and
nutrition.

Interventions are
same as primary
prevention
interventions but
emphasize
progressive
ambulation and
weight-bearing
exercises.

Focus on
function.
Progressively
challenge the
patient as the
status improves.
Employ task-
specific training
and weight-
bearing
exercises.

56-year-old female being
seen for DeQuervain’s of
her hand. Family history of
osteoporosis; cessation of
menses 2-years ago. On
inspection, patient is thin
but muscular in nature.

60-year-old female with a
diagnosis of osteoporosis.
She is referred to PT for
spinal stenosis and disc
herniation at C4-5, C5-6,
and C6-7, neck pain, 
and radicular symptoms.
She is being managed
conservatively and has
begun taking calcium 
and osteoporosis
medications to increase
bone density prior to
surgical interventions 
and fusion of the spine.

75-year-old female who is
being seen 10-weeks post
fragility fracture of the
femoral neck secondary 
to a fall while walking on
level surface. Patient has 
a history of 2 spinal
compression fractures and
a height loss of 3”. Patient
is being seen through
home health care (recently
returned home from skilled
care). She is ambulating
with a standard cane,
weight bearing as
tolerated.

Pr
im

ar
y

Have you experienced height loss?
Have you had any fractures as an adult? 
Have you taken steroids? 
Do you smoke or have alcohol
regularly?
Ask if willing to look at total patient,
consider measuring height, objective
posture measurement like tragus to
wall; employ the FRAX.

Assess for myelopthic changes, bowel
and bladder involvement, loss of
balance, weakness of legs, and
hyperreflexia.
Query regarding the Physical Activity
Vital Signs (PAVS); what type of exercise
is performed by the patient and
willingness to modify or make changes.
Assess deep tendon reflexes, Babinski
Hoffman’s, and clonus.

Ask if patient experiences pain at rest
or with activity.
Ask about current level of function and
prior level of function.
Does the patient have a fear of falling or
any self-restriction of activities?
Use objective measures such as gait
speed, TUG, 30s-STS, grip, and posture.

Prevention of
osteoporosis or
osteopenia in
someone
susceptible to
the problem or
disease through
strategies to
promote general
health

Early diagnosis
of osteoporosis
or osteopenia
made through
screening; early
diagnosis
enables
initiation of
intervention

Clinical
diagnosis of
osteoporosis
and presence of
fragility
fractures,
interventions
designed to limit
the degree of
disability,
promote
recovery of
function, and
minimize the
disease
progression

Te
rt

ia
ry

Se
co

nd
ar

y
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use in pediatric physical therapy and sensory processing dis-
orders are not applicable for the older adult.

It is known that a body mass index (BMI) <21 kg/m2 is a
risk factor for low bone mass density. For those with a low
BMI, by determining a weight for a BMI >21 kg/m2, a goal
for a reasonable maximum load with the vest can be attained. 

PRECAUTION: Some patients may not tolerate the weighted
vest due to clinical fragility, pain, or weakness.224,267 

 FOCUS ON EVIDENCE
A 6-month study with 1-year follow-up of 42 individuals with
osteopenia consisting of a progressive exercise and education
program was designed to establish the feasibility and adher-
ence to the intervention, identify any adverse events, and doc-
ument changes in lower extremity function. The resistance
portion of the program included use of weight vests to increase
resistance during the group exercise sessions, which were con-
ducted two times/week under supervision of a therapist and 
1 time/week at home. Data for 31 participants that were avail-
able at the 1-year follow-up showed that the program was 
feasible, had sufficient progression of training, and had high
adherence with no adverse events. There were significant
improvements in femoral trochanter bone mineral density, as
well as quadriceps strength and dynamic balance, with overall
improvement in lower extremity function.102

Sarcopenia/Frailty
Background
The etymology of sarcopenia has a Greek origin from sarx
(flesh) and penia (poverty).240 It is more than the age-associated
loss of muscle mass. Sarcopenia causes a cascade of responses
leading to frailty impacting balance, gait, and function.63 This
disease is a progressive 3% to 8% loss of lean muscle mass each
decade beginning with the third decade, and it is believed to 
affect 30% of adults greater than 60 years old and 50% of older
adults greater than 80 years (see Fig. 24.2).70,73,117,155,203,22,230,240

The importance of regular resistance exercise coupled with 
protein intake is necessary in order to minimize the loss of
muscle mass. Marcell155 reports, “the only agreed-upon inter-
vention … (for sarcopenia) was regular physical exercise, stress-
ing weight-training for elderly men and women.” 

Sarcopenic obesity. An individual who has both sarcope-
nia and obesity is described as having sarcopenic obesity 
(Fig. 24.11). The concept of sarcopenic obesity is when skeletal
muscle mass is deficient relative to fat tissue.63 This diagnosis
is based on a measure of fat mass and skeletal muscle mass of
the thigh using dual-energy X-ray absorptiometry (DXA) or
magnetic resonance imaging (MRI). It is estimated that 4% to
12% of individuals over 60 years of age have sarcopenic obesity.
This disease is managed with loss of fat, increased protein in-
take, and performance of resistance training.63,70

Considerations for Interventions
When working with the frail elderly population, it is critical to
consider the risk of a fatigue fracture, the potential for loss of
balance and falls, the nutrition of the patient, and whether the
demands of an exercise program exceeds nutritional intake.

FIGURE 24.11 An older individual with sarcopenic obesity; (A) side
view showing posture and (B) front view showing atrophy in legs
greater than arms.

A

B
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(Refer to Chapter 6 and Box 6.13 for a discussion of patholog-
ical fractures and precautions and to Chapter 8 for information
on balance and falls.)

Importance of Exercise in Managing
Sarcopenia
The multifactorial nature of sarcopenia has many facets partially
attributed to inactivity and atrophy of fast-twitch (type II) mus-
cle fibers that are recruited during high-intensity, anaerobic ex-
ercise. Physical inactivity coupled with motor unit remodeling,
decreased hormone levels, and decreased protein synthesis may
contribute to sarcopenia. Fortunately, with resistance exercise,
sarcopenia may be partially reversed or progression of the loss
slowed.53,63,70,117,155,189,203,220,229,230,240

Osteoarthritis
Background
Osteoarthritis is a common chronic disease affecting 30% to
50% of adults over age 65.147 Among older adults, OA is the
most common form of arthritis, with the greatest incidence in
the knees followed by the hips.159 This wear and tear degenera-
tive disease is reported in at least one joint in 80% of older
adults. Involvement of the hands occurs frequently, but the in-
volvement of the knees and hips is reported to be more dis-
abling. (Refer to Chapter 11 for a detailed description of OA and
management guidelines for treatment. Also refer to Chapters 15
and 17 through 22 for specific guidelines for the treatment of
OA in the spine and each of the extremity joints.)

Considerations for Interventions
When initially greeting an older adult patient, the therapist
may take note of the patient’s hands and the presence of
Heberden or Bouchard nodes at the distal interphalangeal and
proximal interphalangeal joints, respectively. The patient may
also have genu varum, genu valgum, calcaneal valgum, or
other deformities associated with OA. 

Patients with OA must learn to value the importance of ex-
ercise; how to self-manage during painful exacerbations; and
how to work on strengthening, stretching, balance, and aero-
bics during less painful times. Integrating the knowledge of
biomechanics with observations of the patient performing ex-
ercises is critical in guiding the patient in correct exercise per-
formance. For the patient to attain the ability to self-manage
their disease, the patient must be aware of the impact of align-
ment and what to expect when performing exercises rather
than adopting the adage “no pain, no gain.”

When working with patients with OA:

■  Avoid vigorous, repetitive movements on unstable joints. 
■  Be cautious if there is pain in the hands impacting grip

when working with free weights or elastic bands. 
■  Observe the alignment, performance, and response to 

exercise and modify when indicated. 
■   Modify the program when a patient has increased pain, fatigue,

weakness, or joint swelling to decrease stress on the joint.

■  Avoid stretching, strengthening, and aerobic exercise that
exacerbate symptoms during acute joint flare-ups, but con-
tinue to do ROM to the involved joint(s) and balance 
activities if symptoms allow. 

■  Emphasize moving all joints through their full ROMs at
least one time each day to prevent loss in ROM. 

Weight loss or maintenance of ideal weight may decrease
compressive forces but must be considered in relationship to
worsening the osteoporosis risk of fracture.

Importance of Exercise in Managing OA
Despite having OA, older adults should strive to be physi-
cally active by exercising to minimize their risk of develop-
ing other chronic diseases and lower their body weight. In
addition, the lack of activity can further compound the
problem of OA and subsequently contribute to falls, osteo-
porosis, and sarcopenia. Unfortunately, many patients with
OA who are experiencing pain refrain from exercise and
physical activity. Mat and colleagues159 reported that OA of
the knee is a risk factor for falls in older adults and that
strength training, tai chi, and aerobic exercises improve bal-
ance and reduce fall risk in older adults. The benefits of reg-
ular exercise for individuals with OA are many. Exercise has
been shown to reduce pain while enhancing physical function,
quality of life, and mental health in individuals with OA.197

For example, the performance of 130 to 150 minutes/week
of moderate-intensity, low-impact aerobics helps to manage
pain, improve the ability to perform daily activities, improve
the quality of life, decrease the level of fatigue, and improve
ROM. This is complimented by better weight control and
less metabolic abnormalities.141 

Aquatic physical therapy is highlighted in Chapter 9 of this
book. The benefits of a 12-week aquatic program in people
with hip and knee OA has been demonstrated for pain reduc-
tion. In addition, it may improve self-reports of disability and
improve quality of life.19,113

Obesity
Background
The obesity epidemic that plagues the US is becoming a
global problem. The US no longer leads the world in the in-
cidence of obesity.225 For all age groups, including older
adults, the obesity epidemic is increasing.251 From 1980 to
2013, the estimated number of overweight or obese indi-
viduals worldwide increased to 36.9% in men and 38% in
women.181 More than 33% of people over 65 years of age in
the US are obese; the incidence is greatest for the young old
and least for the old-old.80 The co-morbidity of obesity may
compound other problems that impact older adults. Exces-
sive abdominal adiposity is associated with increased risk of
morbidity and mortality.270 

Changes in Body Composition
As people age, there are changes in the body composition with
a decrease in the fat-free mass, an increase in fat mass, and
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height loss from vertebral body compression and scoliosis. Ab-
dominal adiposity, which is assessed by measuring the circum-
ference of the waist, provides the clinician with insight into an
individual’s health status.61,123,174,176,177,198,253,271 According to
the National Institutes of Health, “Although waist circumfer-
ence and BMI are interrelated, waist circumference provides an
independent prediction of risk over and above that of BMI.”176

The American Heart Association, National Heart, Lung, and
Blood Institute establishes >88 cm (35") for women and
>102 cm (40") for men as the criteria for abdominal adiposity.
The International Diabetes Federation236 uses different cut-
points for individuals of different ethnic groups with cut-points
as low as >80 cm (31.5") for women and >90 cm (35.5") for
men. In individuals of very short or very tall stature, waist cir-
cumference should be less than half of their height. For exam-
ple, if a female patient is 1.44 m (4'9") in height, their waist
circumference should be <72 cm (28.5"). This is more appro-
priate than using the cut-point of >88 cm (35"). 

In addition to measuring waist circumference, neck cir-
cumference may shed light into the potential of obstructive
sleep apnea. A neck circumference ≥16" (40.6 cm) in women
and ≥17" (43.2 cm) in men plus being overweight or obese
are both risk factors for obstructive sleep apnea (OSA).4 The
prevalence of OSA increases between middle and older age.
Neck size correlates with adiposity in non-athletic patients.
When a large neck is noted on the inspection, the patient
should be asked if they snore when sleeping, if sleep is inter-
rupted, if they feel fatigued or unrefreshed in the morning, or
if they feel irritable or forgetful. 

Impact on the Metabolic System
Individuals with visceral adiposity have increased risk of
metabolic abnormalities, including decreased glucose toler-
ance, reduced insulin sensitivity, and abnormal lipid profiles,
which increased the risk for T2DM and CV disease.123,132

Other health risks associated with being overweight and obese 
include OA, sleep apnea, and hypertension.123

Impact on the Respiratory System
The impact of obesity on the respiratory system is underap-
preciated.275 Weight gain and increased body mass index are
directly related with decreased lung volumes characteristic
of restrictive lung dysfunction. Abdominal adiposity directly
impacts diaphragmatic excursion, decreased inspiratory vol-
ume, and an increased work in breathing. Obesity hypoven-
tilation syndrome may occur with clinical obesity when the
body mass index is >30 kg/m2. Secondary problems impair-
ing respiration, such as hypercapnia, may occur in obese pa-
tients. When evaluating and treating an older adult with
obesity, these comorbidities will have an effect on any exer-
cise program and may require modification to maintain safe
parameters. 

Considerations for Interventions
Health-care providers in a multitude of settings assess obesity
through various measures, including BMI, waist-hip ratio, or
simple waist circumference. To determine BMI, use a table,

smartphone app, or a person’s weight in kilograms divided by
height in meters squared. The formula for BMI is:

BMI = weight (kg) / [height (m)]2

(in pounds and inches, BMI = weight (lb) / [height (in)]2 x 703)

In athletes and individuals who are muscular, BMI may over-
estimate body fat, and in older persons, BMI may underestimate
body fat.45,49,174 The WHO reports that it is unclear which meas-
urement is most indicative of CV disease risk, while other ref-
erences recommend use of waist to hip ratio due to the direct
relationship of CV risk with central adiposity.40,59,198,253 

Because of the relationship of obesity with restrictive lung
dysfunction, it is critical to observe the older adult during any
physical activity. Is breathing labored, noted by the use of ac-
cessory muscles of respiration? Does phonation decrease? Can
the patient talk without shortness of breath at rest or with ac-
tivity (talk test)? Does the patient limit their speech to take a
breath (phonation)? If a patient has shortness of breath at
rest, dyspnea on exertion, or a pulmonary problem such as
emphysema, it may be appropriate to determine the patient’s
oxygen saturation. Does it decrease then with activity initia-
tion and quickly return to baseline with activity cessation?
What is the respiratory rate? Is the patient on supplemental
oxygen? If not, is it necessary? Should it be titrated to a higher
flow rate when performing exercise? Are sitting activities pre-
ferred over being recumbent due to orthopnea?

Looking at the whole patient is paramount. An obese pa-
tient who complains of knee pain must be counseled on the
impact of obesity and the benefits of healthy eating and phys-
ical activity. To increase activity while decreasing the impact
of ground reaction forces on the weight-bearing joints, utilize
a pool for their exercise program (see Chapter 9) or have the
patient exercise while sitting on a chair, mat, or large exercise
ball. It is well established that patients who receive counseling
will lose weight and exercise more than patients who do not
receive counseling.246 When working with overweight and
obese patients, it is critical to avoid stigmatizing and stereo-
typing them.202,217 Box 24.6 highlights key points when dis-
cussing weight loss with your patient. 

Importance of Exercise in Managing Obesity
Incorporating physical activity is essential for a successful
weight loss program and in maintaining weight loss.74,121,132

Weight loss through diet may result in loss of fat-free mass and
lean body mass, while exercise combined with calorie restric-
tion may prevent the loss of muscle. With the loss of muscle
mass associated with aging, it is critical to optimize lean body
mass by addressing obesity through a program that increases
energy expenditure and decreases energy intake.49,74,32,251

Cancer
Background
Cancer falls behind heart disease as the second most common
cause of death in the US. Aging is the greatest risk factor for
developing cancer; it is referred to as a disease of the elderly,
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with the median age for occurrence of all types of cancer
being 68 years.78 The lifetime probability of developing cancer
is one in two for males and one in three for females. The like-
lihood of dying from cancer is one in four for males and one
in five for females. It is estimated that nutrition, inactivity,
and excess weight may account for 25% to 33% of cancers in
high-income countries like the US.21

Considerations for Interventions
Years after treatment has ended, the cancer survivor remains at
risk for recurrence of the primary cancer, development of
metastases, and/or development of new cancers, Metastasis may
occur at any time; primary tumors may metastasize to second-
ary tumors in bone, lymph nodes, lung, liver, and brain. Cancers
of the breast, lung, and prostate are more likely to metastasize
to bone. The development of bone pain in a cancer survivor
should be considered suspicious and a red flag. Initially the bone
pain may cycle and increase with activity and then become con-
tinuous (ACS, bone metastasis). The pain may change and be-
come aching or sharp in nature; skeletal pain should be
considered as potential metastasis until proven otherwise.5,22

When the spine is involved, spinal cord compression may occur.5

If there is metastasis to the bone, the patient is at risk for
pathological fracture.5,22 For example, an 80-year-old female
patient who was cancer-free for 10 years presented with an
acute spiral fracture of the humerus from lifting a toaster.
Originally, this patient was screened for abuse and later found
to have stage IV cancer with metastasis to the bone, lungs, and
liver from her primary site of breast cancer. Thus, it is critical

to regularly screen patients despite a remote history of cancer.
Because of the increased risk of pathologic fracture, modify
the intensity as well as application site of resistance when 
designing strengthening programs. 

A therapist working with a patient undergoing cancer
treatment or a cancer survivor must consider the patient’s lab-
oratory values. However this information may not be readily
accessible for therapists practicing in a free-standing practice
setting. Consequently, it is essential to screen the patient for
changes in health status. For example, increased fatigue when
performing an exercise program may be indicative of a low
hemoglobin level. Electronic medical records may allow access
to important information such as platelets, white blood cell
count, neutrophils, International Normalized Ratio (INR),
red blood cell count, hemoglobin, and hematocrit. The reader
is referred to Billek-Sawhney and Wells22 for in-depth infor-
mation on laboratory values of specific importance in the 
patient with cancer. 

Hospitals may have specific criteria for when to hold ther-
apy or proceed based on laboratory values. It is critical to con-
sider in the goals for physical therapy. In hospitals, nursing
homes, and home health therapy, ensuring the patient is safe
to access the bathroom and perform ADLs is essential. This
differs greatly from the performance of aerobic or resistance
exercise for wellness. For example, a patient with a hemoglo-
bin of 8.1 g/dL could be evaluated for their ability to walk
around their home or room to perform basic ADLs but not
for performance of resistance exercises. 

When the neutrophils, a type of white blood cell, become
critically low the patient is described as being neutropenic.
This means that the patient is at high risk for bacterial infec-
tions. Therapists always need to adhere to infection control
through proper hand washing and cleaning of equipment, as
well as the wearing of a mask when experiencing cold-like
symptoms. In addition, when working with patients at in-
creased risk of infection, consider the benefit of treating them
in a private treatment room or an area where there is less ex-
posure to bacteria and other contaminants, or have them wear
a mask to minimize risk of an airborne infection. 

Importance of Exercise With Cancer
The adoption of a physically active lifestyle (150 minutes of
moderate-intensity aerobic activity each week) has been
shown to be beneficial in preventing cancer, during cancer
treatment, and during survivorship. This has been well doc-
umented for many forms of cancer.6 The relationship between
exercise and physical activity and maintaining an ideal body
weight is related to a lower risk of colon, breast, lung, and
prostate cancer. Regular physical activity has preventive ben-
efits for cancer survivors and can reduce the risk of new
chronic disease. In survivors with breast or colon cancer, the
likelihood of recurrence or premature death is lessened in
those who exercise.197 

The deleterious effects of cancer and the treatments for 
it can be lessened through physical activity and exercise.22,222

Rehabilitation may reduce the adverse effects of pain, fatigue,
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BOX 24.6 Considerations for Discussing
Weight Loss202,217,246

■ During the examination, address the patient’s main
physical therapy need first.

■ If indicated, measure abdominal circumference at the
midpoint between lower margin of last palpable rib and 
top of iliac crest in the standing position with a stretch
resistant tape. Record “obesity” as a precaution. 

■ Perform secondary tests and measures as indicated including
vital signs at rest, immediately post activity, and recovery.

■ Explain findings to the patient in a nonjudgmental manner.
For example, “Your body weight or waist size may increase
your risk for health problems. Can we talk about my
concerns?” Open discussion about weight respectfully
using terms such as weight and unhealthy body weight.
What is the patient’s readiness to change?

■ Employ the “teach back” method to ensure patient
understands implications of obesity on their health status.
The “teach back” method is when the patient (or family
member) is asked to explain in their own words what was
taught by the therapist to check for understanding.1, 3

■ Provide valuable resources, including possible referrals to
dietitians, specialty clinics, and support groups.

■ Document patient education.
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strength loss, decreased CV capacity, lymphedema, depression,
anxiety, osteoporosis or osteopenia, nausea, and numerous
other side effects of treatment. Cancer-related fatigue is the
most common complaint during cancer treatments. It affects
70% to 100% of individuals during and after cancer treat-
ment and has been shown to be responsive to exercise. The
benefits of exercise have been demonstrated with aerobic 
exercise and resistance exercise. Silver and Gilchrist222 report
a 40% to 50% lower fatigue level in cancer survivors who 
exercise. 

Type 2 Diabetes Mellitus
Background
The incidence of T2DM is estimated to be 9.3% of the US
population and is now in epidemic proportions. This percent-
age increases to 25.9% of individuals 65 years or older. Ninety
percent to 95% of the cases of diabetes mellitus are T2DM.57

Considerations for Interventions

Exercise Risks in T2DM
Considering the risk of coronary artery disease and other co-
morbidities of T2DM, it may be necessary for patients to have
medical clearance prior to participating in an exercise pro-
gram.164,195 Uncontrolled metabolic disease, including T2DM,
is considered a relative contraindication and a relative risk fac-
tor to exercise participation. The position statement by ACSM
and the ADA state “exercise stress testing is advised primarily
for sedentary individuals with diabetes who want to undertake
activity more intense than brisk walking.” 57 Brisk walking, at
3 miles per hour or faster, falls into the category of moderate
intensity exercise. The recommended RPE level of 12 to 13, or
“somewhat hard,” on the original Borg RPE scale (see Box 25.4
in Chapter 25), is the corresponding description.9 

Medical Monitoring
Electrocardiogram (ECG) stress testing is recommended for
individuals who are: 12,57

■  Older than age 40 with or without CV disease risk factors
not including T2DM

■  Older than age 30 with one of the following: T2DM for
more than 10 years, hypertension, cigarette smoking, dys-
lipidemia, retinopathy, or nephropathy

■  Has known or suspected CAD, cerebrovascular disease,
and/or peripheral neuropathy 

■  Has autonomic neuropathy
■  Has advanced nephropathy with concomitant renal failure

In many PT practice settings, patients are commonly seen
who have a known diagnosis of T2DM, are hypertensive, have
CAD, neuropathy, nephropathy, retinopathy, and smoke.
These characteristics may be commonly reported in the pa-
tient with T2DM following an amputation. Thus, if ECG 
results and/or testing has not been done or is not available, it
is critical to initiate patients at a low-level exercise program
and monitor responses. 

CLINICAL TIP
According to Curtis and colleagues,64 normally with exercise
there is an increase in heart rate that quickly returns to base-
line. When this recovery is slowed in patients (i.e., the pa-
tients’ recovery is <22 beats/min at 2 minutes following
exercise when measured in supine), it is considered an 
abnormal hemodynamic response; the physician should be 
notified and an ECG recommended.

Hypoglycemia and Insulin
Hypoglycemia is reported as the “most serious problem” for
people with diabetes.195 The risk of hypoglycemia (low BG
level) is less common in individuals with T2DM who do not
take insulin or insulin-releasing medications, also known as
secretagogues. Those individuals who do use insulin or sec-
retagogues should supplement their exercise with carbohy-
drates to prevent hypoglycemia. Exercise should not be
initiated if the BG is too low or too high. Exercise guidelines
based on BG levels are described in Table 24.7. If these
guidelines are impractical in some practice settings, the rec-
ommendation of using 100 to 300 mg/dL is employed for
exercise.12,191

PRECAUTIONS: When working with individuals with T2DM
who use insulin:191,244 

■ Avoid exercise when insulin is peaking. 
■ Advise the patient to exercise the same time each day. 
■ Consider the timing of the last meal, regularly assess the

blood sugar level; if it is low, have the patient eat and delay
exercise; if it is high, be cautious and carefully monitor the
patient when exercising. 

■ Use caution when exercising the muscles where the insulin was
just injected to avoid speeding up the pharmacodynamics.

■ Maintain hydration.
■ Recognize that hypoglycemia may occur for up to 48 hours

post exercise.
■ Assess feet for absence of protective sensation.

With the advent of insulin pumps, also known as continu-
ous subcutaneous insulin infusion (CSII), individuals with di-
abetes have continuous subcutaneous insulin delivery to attain
a tighter glucose control and less BG excursions. The safety
guidelines for insulin pumps are commonly provided by the
pump manufacturer.33,99,142 In general, with exercise the amount
of insulin from the pump should be less due to the exercise-
induced BG drop. This can be programmed into the pump by
the patient. Thus, it is recommended that patients check their
blood sugar level before, during, or after exercise, especially
when new to exercise or having recently received an insulin
pump. The above guidelines should be employed and, in gen-
eral, if exercise is greater than 30 minutes additional carbohy-
drates are suggested. In addition, the amount of insulin may
need to be decreased after exercise. Caution should be used to
avoid friction from exercise around the infusion site.15
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Other Complications
The presence of underlying microvascular complications such
as retinopathy, nephropathy, and peripheral and/or auto-
nomic neuropathy provides the clinician with insight into the
severity of T2DM and the patient’s ability to exercise. In these
individuals caution must be employed to avoid high-intensity
exercises due to the risk of potentially worsening the mi-
crovascular complications.57,95,191 In addition, it is critical to
perform a comprehensive foot examination and assess shoe
wear due to the potential of insensitive feet, Charcot joint,
neuropathy, and/or neuropathic ulcers.

Importance of Exercise in Managing T2DM
The management of T2DM is described as a three-pronged
approach that includes exercise, diet, and medication.57,91,191

These three prongs should be grounded on a solid base of pa-
tient education. Education is critical for self-management in
regard to exercise, diet, and pharmacotherapy. It is essential
to realize that improvements can be made in the systemic 
insulin action through exercise. Moderate aerobic exercise 
improves blood sugar levels and insulin action. Furthermore,
combining aerobic and resistance exercise is more effective
than either intervention alone.57 A 12-week resistance exercise
program was found to improve muscle strength and function
in older adults who were either healthy, prediabetic, or diag-
nosed with T2DM. Regular exercise and physical activity for
individuals with T2DM can reduce the risk of other diseases
and help improve body weight. There are greater benefits with
increased time and greater intensity of exercise.197

Urinary Incontinence
Background
Urinary incontinence affects from 26% to 46% of older
adults.32,94,266 It is associated with advancing age, impaired
cognition, and decreased mobility. In men it may follow

treatment of prostate cancer, and in women it may occur
after menopause due to the decrease in estrogen levels. De-
spite this, it is not considered a normal occurrence of pri-
mary aging. In stress urinary incontinence (SUI), the muscles
that help with micturition may become weak from loss of
muscle mass and disuse so that urine may escape with little
pressure. Depending on the resource, there are four to five
types of incontinence; Box 24.7 highlights the most common
forms.32,94,247,266 SUI occurs when coughing, laughing, sneez-
ing, jogging, or jumping cause pressure on the bladder that
is not stopped by muscular contraction. Urge, overactive
bladder, functional incontinence, or overflow incontinence
may occur in isolation or in combination with each other.
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TABLE 24.7 Exercise Guidelines Based on Blood Glucose Levels (Modified from Partridge et al191

with permission)

Blood Glucose Level What To Do Comments

<70 mg/dL

70–100 mg/dL

100–300 mg/dL

>300 mg/dL and 
on oral medications 

>300 mg/DL and 
on insulin

Immediately provide carbohydrates (fruit juice, hard candy,
glucose table or gel) and recheck blood glucose; seek
emergent medical attention if symptoms worsen

15 g carbohydrate every hour of mild-moderately intense
activity; 25-50 g with moderate or greater intensity; hydrate

Strenuous activity or activity of long duration (1-2 hr)
requires increased carbohydrate intake; hydrate well

If blood glucose rises, stop activity; if blood glucose drops,
continue checking every 10-15 min

If (+) ketones, avoid activity; if (-) ketones, participate with
close blood glucose monitoring every 10-15 min

Exercise should not be initiated

Snack

Proceed with exercise program

Trial of activity 10-15 min and
recheck

Check for ketosis (urine
dipstick or glucometer that
measures ketosis)

BOX 24.7 Common Forms of Urinary
Incontinence

Stress Urinary Incontinence
■ Most common form of incontinence
■ Weak pelvic floor muscles that allow urine to escape when

exercising, sneezing, lifting, or even laughing

Urge Urinary Incontinence (aka Overactive Bladder)
■ The bladder muscles contract and pass urine before the

bladder is full causing a need to urinate, described as “key
in the door” syndrome in which leakage begins prior to
accessing the toilet

Mixed Incontinence
■ When the patient experiences both SUI and urge

incontinence

Functional Incontinence (aka Insensible Urinary
Incontinence)
■ The person may be unaware of the need to go to the toilet

(insensible) or may not get to the toilet in time due to
functional mobility limitations (functional)
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Considerations for Interventions
In addition to medication and/or surgery, the management of
SUI may include referral to physical therapy for the pelvic floor
exercises, as well as lifestyle, and behavioral changes.32,94,266 The
basics of this specialty area of practice are valuable for all phys-
ical therapists and assistants working with older adults in every
practice setting. Pelvic floor musculature exercises can be
taught in various ways to increase strength and develop bladder
control.82 Within 3 to 6 weeks of daily muscular strengthening
exercise, bladder control may improve. Similar to traditional
strengthening, changes may occur initially from neural adap-
tations but may take as long as 3 months, and overexercising
may result in overwork weakness. If improvements are not
noted, the patient should be referred to a physical therapist who
specializes in treatment of the pelvic floor. 

Importance of Exercise in Managing
Incontinence
Pelvic floor exercises are an effective approach of conservative
management of incontinence.76 These exercises are described
in Chapter 25. The treatment of pelvic organ prolapse, painful
intercourse, and other pelvic floor issues are beyond the scope
of this text. For additional information the reader is referred
to the APTA’s Section on Women’s Health.28,34 

Summary

Contrary to the ageism stereotype that an older adult cannot
learn new things, the older adult, most assuredly, can learn.
“Because it may take older adults more time to encode, store,
and retrieve information, the rate at which new information
is learned can be slower, and older adults have a greater need
for repetition of new information.”13 This may be the case
with exercise. Changes associated with aging can be combat-
ted with exercise and physical activity but require a long-term
commitment. Physical activity through exercise is a viable 
option to pharmacological interventions for both disease 
prevention and management of disease.129,164 

There are many stereotypes associated with aging, one
being that once you are “old” you cannot get stronger! That
is a myth that must change through patient education, ap-
propriate interventions, and role modeling. It is critical to

become the change agent and create this paradigm shift away
from underdosed strengthening, flexibility, endurance, and
balance activities to examining the patient’s status, prescrib-
ing appropriate interventions, and modifying and adjusting
the patient’s exercise program as the patient’s status changes.
Physical therapists must look at the total patient and incor-
porate wellness and walk the talk! A summary of practice
considerations to promote physical activity in the older adult
are presented in Box 24.8.
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BOX 24.8 Physical Therapy Practice
Considerations to Promote Physical
Activity in the Older Adult

“Walk the Talk”
■ Encourage older adults and role model a paradigm shift

from being sedentary to becoming active after retirement. 
■ Be visible and excited with exercise and physical activity

ideas.
■ Create an environment for patient socialization.
■ Encourage adherence to a routine.
■ Demonstrate an interest in patients’ activity level. 
■ Encourage other members of your department or clinic in

the process.
■ Promote physical activity by having flyers on display,

sponsoring programs, and being visible in the community.
■ Assess and promote physical activity with EVERY patient. 
■ Prescribe the appropriate level of physical activity after

determining readiness to change.
■ Provide the appropriate exercise prescription that

addresses the patient’s level and allows for continued
improvement, and modify the interventions as the patient’s
status changes.

■ Ensure that the interventions meet the interests and
abilities of the older adult.

■ Serve as a resource following discharge from physical
therapy.

■ Consider having an onsite wellness program for patients at
a nominal cost.

■ Provide a resource list of local community programs and
professionals that can be recommended to patients.

■ Develop a network for exercise referrals.
■ Be available to the patients and referral sources for

consultation, guidance, and collaboration.
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974 Summary

Independent Learning Activities

Critical Thinking and Discussion
1. Review the subpopulations of older, young-old, mid-old,

and old-old adults. In small groups, discuss various older
adults that you know who are in each subpopulation in
each of these categories that reflect healthy aging and
non-healthy aging. Describe their physical presentation
and functional mobility.

2. Reflect on the “Choosing Wisely” initiative between the
APTA and the American Board of Internal Medicine Foun-
dation and underdosed strength training programs in
older adults. How does this compare to your observations
and practice as a student or therapist? What could be done
to change the following interventions to “dose-appropriate”
strengthening? Change the following three exercises to be
dose appropriate: (a) full arc knee extension, leg kicks with
a 2-lb weight, (b) rowing with elastic resistance band while
in a sitting position against back support, and (c) performing
standing mini-squats with a walker.

3. Apply the WAMI-3 to the following scenarios to explain
to a patient the need to participate in resistance exercise:
(a) a patient with knee OA who has pain and difficulty 
descending stairs, (b) a patient with peripheral vascular 
insufficiency, and (c) a patient who had a femoral neck
fracture and open reduction with internal fixation.

4. Differentiate the primary and secondary aging process for
the patients in Box 24.1.

5. Develop an in-service instructional presentation that 
addresses changes with aging and the importance of phys-
ical activity and resistance exercise.

6. How does a lifestyle of sedentary behavior negatively 
impact older adults? How is this reflected on the WAMI-3
Model?

7. Why is it critical to perform standardized tests when ex-
amining older adult patients? What tests would be most
appropriate to perform in a home health setting where
there is not a clear path to assess gait? What tests would be
most appropriate for the older adult patient being seen in
an inpatient physical therapy setting? 

8. An older adult patient with a new diagnosis of osteoporo-
sis is being seen bedside in an acute care hospital following
a spinal compression fracture of T10; the patient does not
want to participate in physical therapy. Discuss strategies
that can be used to educate and motivate the patient to 
address the benefits of therapy and deleterious effects of
immobility.

9. A 78-year-old male patient is being seen in an acute care
hospital secondary to sepsis following a pacemaker re-
placement. He is able to ambulate at 0.3 m/s. Document
the assessment or professional interpretation of this test to
qualify him for skilled physical therapy in a nursing home
following acute discharge. 

10.  Similar to Question 9, this patient performs the FTSTS
but requires the use of his hands to perform five repe-
titions in 25 seconds. Document the test results and
the professional interpretation of the performance on
the test.

11.  Why is it essential to include power exercises in a strength
training program of older adults? 

12.  A 68-year-old female patient who is obese experiences an
increase in her OA hip pain following the initiation of a
resistance training program. What may have caused this
pain? What should be done to address the pain?

13.  What techniques can be employed to initiate the conver-
sation of weight loss with older adult patients?

14.  What questions should be incorporated into the patient
interview of a 65-year-old patient with T1DM or
T2DM to ensure the patient can tolerate resistance 
exercise? What strategies can be employed to ensure that
the patient continues resistance training after discharge
from physical therapy?

15.  You observe that your new 72-year-old female patient
uses accessory muscles when breathing and has decreased
phonation, a blue tinge to lips, and clubbing of the digits.
What special precautions will you need to employ when
working with this patient?

Laboratory Practice
1. Develop and perform a comprehensive/multidimensional

program of exercises for each of the patients in Box 24.1.
2. Develop and perform interventions for primary, second-

ary, and tertiary osteoporosis for the patients in Table 24.6.
3. A 91-year-old female who lives independently at home is

interested in “getting stronger.” Her past medical history
includes a transient ischemic attack, osteoporosis, myocar-
dial infarction, breast cancer, and pelvic sling surgery for
incontinence. She has a history of three falls in the past
year. She has a wheeled walker that she is willing to use
outside her home. Develop a comprehensive program—
including education—that can be done using the follow-
ing: the counter at her kitchen sink, the flight of steps to
her second floor with one railing, and a standard kitchen
chair with arm rests. Explain how “getting stronger” in-
cludes balance and aerobic capacity.

4. A 65-year-old male travels frequently for his work. He
would like to use elastic resistance bands and/or his own
body weight for strengthening. Develop a comprehensive
program working 8 to 10 major muscle groups including
his core.

5. Perform each of the tests and measures described in this
chapter, including TUG, gait speed, 30s-STS, FTSTS, and
the tragus-to-wall measure.
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Case Studies
1. Using Case Study 1 described in Box 24.1, answer the fol-

lowing questions:
a. On examination of Lou for his left knee pain, it is ap-

parent that he has restricted ankle dorsiflexion with
tightness of his gastrocnemius tighter than his soleus
muscle. What specific stretches are recommended for
Lou? What specific instructions should be given to Lou?
Develop written instructions.

b. Lou demonstrates hip internal rotation and increased
knee pain on reciprocal stair descent. Demonstrate 
and perform specific interventions that can be per-
formed without equipment.

c. Address the above muscle weakness problem again, but
employ weight lifting equipment.

2. Using Case Study 2 described in Box 24.1 the following is
observed as you walk Mary Jane back to the examining
room:
a. Mary Jane appears to be frail and has a very kyphotic

posture, causing her to be bent and look down toward
the floor. While ambulating toward the examination
room, you note she has an effective gait speed but has
two episodes where she demonstrates a deviation in her
path. From this brief introduction, what critical ques-
tions should you ask this patient? What tests should you
perform to further assess balance?

b. What measurements should be taken as a result of the
observation of flexed posture? Are there any red flags

that warrant safety precautions and possible referral for
bone density testing? If so, what are they?

c. Mary Jane frequently has episodes of dizziness that may
be caused by her cardiac medications. Also, her pre-
scription for beta blockers may blunt her heart rate 
response to exercise. What precautions will be necessary
while she exercises?

d. Based on Mary Jane’s vertical height loss, document the
assessment and the need to rule out osteoporosis and
propose appropriate recommendations.

3. Using Case Study 3 described in Box 24.1, answer the 
following questions:
a. How have the neuromuscular and musculoskeletal com-

plaints affected Juan’s functional independence and abil-
ity to participate in social activities outside his home?

b. Juan is not willing to attend outpatient physical therapy
and states he will perform only three exercises. What
exercises would you recommend that he perform and
why those three exercises?

c. Write “1” objective and measurable goal for Juan related
to educating him on the importance of physical activity
and exercise that meets documentation guidelines for
reimbursement.

d. What specific tests and measures would best measure
the decline in Juan’s functional mobility? 

e. Document Juan’s performance on the 30s-STS test, the
interpretation of these findings, and an appropriate
goal. When performing STS, Juan requires use of his
arms. He is only able to perform four repetitions. 
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Throughout a woman’s life cycle, specific gender differ-
ences need to be recognized for their relevance to rehabili-
tation. Recent research has shown repeatedly that women
have specific and distinct physiological processes that extend
beyond the obvious considerations of anatomy and hor-
mones, including differences in symptoms of heart attacks
and in metabolism of medications.77 Clearly, the pregnant
or postpartum patient presents a unique gender-based clin-
ical challenge for the physical therapist. Although pregnancy
is a time of tremendous musculoskeletal, physiological, 
and emotional change, it is nonetheless a state of wellness.
Pregnant women are typically well motivated, willing to
learn, and highly responsive to treatment suggestions. For

many women, the therapist is able to assess and monitor the
physical changes with the primary focus on maintaining
wellness. The ability to educate women about the role of 
exercise and health promotion during this key life transi-
tion provides a significant professional opportunity and 
responsibility.

In cases of musculoskeletal impairment related to preg-
nancy, the therapist is able to examine and treat the patient
by incorporating knowledge of injury and tissue healing
with knowledge of the changes during pregnancy. By con-
sidering a broader, lifespan perspective, all female patients
can benefit from education regarding the role of the pelvic
floor muscles in musculoskeletal health, specifically in
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trunk stabilization. Evidence is growing regarding preven-
tion of pelvic floor impairments; when women receive 
individualized interventions, improvement is seen in pelvic
floor awareness and activation and in symptom reduc-
tion.17,53,86,87 Specialized treatment of pelvic floor dysfunction
is critical to quality of life (QOL) for women experiencing
incontinence, pelvic organ prolapse (POP), and a variety of
pelvic pain syndromes. As a natural progression of expertise
in pelvic floor interventions, physical therapists are also
treating males with urinary incontinence and other pelvic
floor impairments. Although all physical therapists can 
easily incorporate activation of the pelvic floor muscles 
as a key component of trunk stabilization and training 
in body mechanics, true proficiency can come only with
further training and mentoring. Advanced study of pelvic
floor anatomy, evaluation, and treatment is highly recom-
mended for therapists who wish to specialize in this area.
Clinical Specialization in Women’s Health (WCS), available
through the American Physical Therapy Association since
2010, is another option for postgraduate training.

This chapter provides readers with basic information
about the systemic changes of pregnancy as a foundation
for the development of safe and effective exercise programs.
In addition, a review of pelvic floor anatomy, function, 
and dysfunction serves as an introduction to the treatment
of pelvic floor disorders. The chapter emphasizes modifi-
cation of general exercises to meet the needs of the obstetric
patient and provides information to assist in the develop-
ment of an exercise program for an uncomplicated preg-
nancy. Cesarean delivery, high-risk pregnancy, and the special
needs of patients with these conditions are also discussed.

Overview of Pregnancy, Labor,
and Related Conditions

Characteristics of Pregnancy
and Labor

Pregnancy
Pregnancy, which spans 40 weeks from conception to delivery,
is divided into three trimesters, with characteristic changes
during each.78,102

First Trimester Changes
During the first trimester (weeks 0 through 12), the following
occur:

■  Implantation of the fertilized ovum in the uterus occurs 
7 to 10 days after fertilization.

■   The mother is very fatigued, urinates more frequently, and
may experience nausea and/or vomiting (“morning” sickness).

■  Breast size may increase.
■  There is a relatively small weight gain of 0 to 1,455 g (0 to

3 lb is normal).
■  Emotional changes may occur.
■  By the end of the 12th week, the fetus is 6- to 7-cm 

long and weighs approximately 20 g (2 oz). The fetus 
now can kick, turn its head, and swallow and has a beat-
ing heart, but these movements are not yet felt by the
mother.

Second Trimester Changes
During the second trimester (weeks 13 through 26), the fol-
lowing occur:

■  The pregnancy becomes visible to others.
■  The mother begins to feel movement at around 20 weeks.
■  Most women now feel very good. Nausea and fatigue have

usually disappeared.
■  By the end of the second trimester, the fetus is 19 to 

23 cm (14 in.) in length and weighs approximately 600 g
(1 to 2 lb).

■  The fetus now has eyebrows, eyelashes, and fingernails.

Third Trimester Changes
During the third trimester (weeks 27 through 40), the follow-
ing occur:

■  The uterus is now very large and has regular contractions,
although these may be felt only occasionally.

■  Common complaints during the third trimester are fre-
quent urination, back pain, leg edema and fatigue, round
ligament pain, shortness of breath, and constipation.

■  By the time of birth, the baby will be 33- to 39-cm long
(16 to 19 in.) and will weigh approximately 3,400 g (7 lb, 
although a range of 5 to 10 lb is normal).

NOTE: Although pregnancy typically lasts 40 weeks, the range
of 38 to 42 weeks is considered full term.

Labor
Labor is divided into three stages, each containing specific
events.22,78 While the exact mechanism that initiates labor
is not known, continued study reveals the complexity of 
the hormonal triggers from both the maternal and fetal 
circulation.95 Regular and strong involuntary contractions
of the smooth muscles of the uterus are the primary symp-
tom of labor. True labor produces palpable changes in 
the cervix, which are known as effacement and dilation
(Fig. 25.1).

■  Effacement is the shortening or thinning of the cervix from
a thickness of 5 cm (2 in.) before onset of labor to the
thickness of a piece of paper.

■  Dilation is the opening of the cervix from the diameter of
a fingertip to approximately 10 cm (4 in.).
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Labor: Stage 1
Some women experience initial cervical dilation and efface-
ment before they are in true labor. However, by the end of this
stage, the cervix is fully dilated, and there is no doubt that a
baby is about to be delivered. Stage 1 of labor is divided into
three major phases.

Cervical dilation phase. The cervix dilates from 0 to 3 cm
(0 to 1 in.) and will almost completely efface. Uterine con-
tractions occur from the top down, causing the cervix to open
and pushing the fetus downward.

Middle phase. The cervix dilates from 4 to 7 cm (1 to 3 in.).
Contractions are stronger and more regular.

Transition phase. The cervix dilates from 8 to 10 cm (3 to
4 in.), and dilation is complete. Uterine contractions are very
strong and close together.

Labor: Stage 2
Stage 2 involves “pushing” and expulsion of the fetus. Intra-
abdominal pressure is the primary force expelling the fetus; it is
produced by voluntary contraction of the abdominal muscles
and diaphragm. Relaxation and stretching of the pelvic floor dur-
ing stage 2 are also necessary for successful vaginal delivery. Uter-
ine contractions may last as long as 90 seconds during this stage.

Fetal descent. Position changes (cardinal movements) by 
the fetus allow it to pass through the pelvis and be born
(Fig. 25.2).78 The position changes are described as:

■  Engagement. The greatest transverse diameter of the fetal
head passes through the pelvic inlet (the superior opening
of the minor pelvis).

■  Descent. Continued downward progression of the fetus 
occurs.

■  Flexion. The fetal chin is brought closer to its thorax; this
occurs when the descending head meets resistance from the
walls and floor of the pelvis and the cervix.

■  Internal rotation. The fetus turns its occiput toward the
mother’s symphysis pubis when the fetal head reaches the
level of the ischial spines.

■  Extension. The flexed fetal head reaches the introitus; the
fetus extends its head, bringing the base of the occiput in
direct contact with the inferior margin of the maternal
symphysis pubis; this phase ends when the fetal head is 
delivered.

■  External rotation. The fetus rotates its occiput toward the
mother’s sacrum to allow the fetal shoulders to pass through
the pelvis.

Expulsion The fetal anterior shoulder passes under the
symphysis pubis, and the rest of the body follows.

Labor: Stage 3
Placental stage (expulsion of the placenta). After delivery,
the uterus continues to contract and shrink, causing the pla-
centa to detach and be expelled.

■  As the uterus decreases in size, the placenta detaches from
the uterine wall, blood vessels are constricted, and bleeding
slows. This can occur 5 to 30 minutes after the baby is 
delivered.

■  A hematoma forms over the uterine placental site to pre-
vent further significant blood loss; mild bleeding persists
for 3 to 6 weeks after delivery.

Uterine involution. The uterus continues to contract and
decrease in size for 3 to 6 weeks after delivery; the uterus
always remains slightly enlarged over its prepregnant size.

Anatomical and Physiological
Changes of Pregnancy

Considerable changes occur in the woman’s body as the preg-
nancy progresses.7,22,67,78,

Weight Gain During Pregnancy
Current recommendations for weight gain during a singleton
pregnancy are an average of 25 to 35 lb71,78 with a distribution
as shown in Box 25.1.

Changes in Organ Systems
Uterus and Related Connective Tissue
Uterus. The uterus increases from a prepregnant size of 
5 by 10 cm (2 by 4 in.) to 25 by 36 cm (10 by 14 in.). It 
increases five to six times in size, 3,000 to 4,000 times in 
capacity, and 20 times in weight by the end of pregnancy.
By the end of pregnancy, each muscle cell in the uterus has
increased approximately 10 times over its prepregnancy

FIGURE 25.1 Effacement and dilation of the cervix. (Adapted from
Ward, S, and Hisley, S: Maternal-Child Nursing Care. Philadelphia: 
F.A. Davis, 2009, with permission.)
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the organs in a continuous sheet, also include a significant
amount of smooth muscle fibers.38 The round and broad
ligaments, as well as the cardinal-uterosacral complex, all 
provide suspensory support for the uterus.

Urinary System
Kidneys. The kidneys increase in length by 1 cm (0.5 in.).

Ureters. The ureters enter the bladder at a perpendicular
angle because of uterine enlargement. This may result in a
reflux of urine out of the bladder and back into the ureter;
therefore, during pregnancy, there is an increased chance
of developing urinary tract infections because of urinary
stasis.

Pulmonary System
Hormonal influences. Hormone changes affect pulmonary
secretions and rib cage position.

■  Edema and tissue congestion of the upper respiratory tract
begin early in pregnancy because of hormonal changes.

Engagement, descent, flexion Internal rotation

Extension beginning (rotation complete) Extension complete

External rotation (restitution) External rotation (shoulder rotation)

Expulsion

FIGURE 25.2 Principal movements in the mechanism of labor and delivery, left occiput anterior position. (From Ward, S, and Hisley, S:
Maternal-Child Nursing Care. Philadelphia: F.A. Davis, 2009, with permission.)

BOX 25.1 Total Weight Gain (Ranges) 
for Single Fetus

■ Baby 3.36–3.88 kg (7–8 lb)
■ Placenta 0.48–0.72 kg (2–3 lb)
■ Amniotic fluid 0.72–0.97 kg (2–3 lb)
■ Uterus and breasts 2.42–2.66 kg (4–8 lb)
■ Blood and fluid 1.94–3.99 kg (4 lb)
■ Fat stores 0.48–2.91 kg (5–9 lb)
■ Total: 9.70–14.55 kg (25–35 lb)

length.125 Once the uterus expands upward and leaves the
pelvis, it becomes an abdominal rather than a pelvic organ.

Connective tissues. Ligaments connected to the pelvic or-
gans are more fibroelastic than ligaments supporting joint
structures. The fascial tissues, which surround and enclose

A B

C D

E F

G
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986 Anatomical and Physiological Changes of Pregnancy

Hormonally stimulated upper respiratory hypersecretion
also occurs.

■  Changes in rib position are hormonally stimulated and
occur prior to uterine enlargement. The subcostal angle pro-
gressively increases; the ribs flare up and out. The anteropos-
terior and transverse chest diameters each increase by 2 cm
(1 in.). Total chest circumference increases by 5 to 7 cm (2 to
3 in.) and does not always return to the prepregnant state.

■  The diaphragm is elevated by 4 cm (1.5 in.); this is a passive
change caused by the change in rib position.

Respiration. Respiration rate is unchanged, but depth of 
respiration increases.78

■  Tidal volume and minute ventilation increase, but total
lung capacity is unchanged or slightly decreased.78,125

■  There is a 15% to 20% increase in oxygen consumption; a
natural state of hyperventilation exists throughout preg-
nancy to meet the oxygen demands of pregnancy.78, 125

■  The work of breathing increases because of hyperventila-
tion; dyspnea is present with mild exercise as early as 
20 weeks into the pregnancy. 78,125

Cardiovascular System
Blood volume and pressure. Blood volume progressively
increases 35% to 50% (1.5 to 2 L) throughout pregnancy and
returns to normal by 6 to 8 weeks after delivery.

■  Plasma increase is greater than red blood cell increase, lead-
ing to the “physiologic anemia” of pregnancy, which is not
a true anemia but is representative of the greater increase
of plasma volume. The increase in plasma volume occurs
as a result of hormonal stimulation to meet the oxygen 
demands of pregnancy.

■  Venous pressure in the lower extremities increases during
standing as a result of increased uterine size and increased
venous distensibility.

■  Pressure in the inferior vena cava rises in late pregnancy,
especially in the supine position, because of compression
by the uterus just below the diaphragm. In some women,
the decline in venous return and resulting decrease in 
cardiac output may lead to symptomatic supine hypoten-
sive syndrome. The aorta is partially occluded in the supine
position.

■  Blood pressure decreases early in the first trimester. There is
a slight decrease of systolic pressure and a greater decrease
of diastolic pressure. Blood pressure reaches its lowest level
approximately midway through pregnancy and then rises
gradually from midpregnancy to reach the prepregnant level
approximately 6 weeks after delivery. Although cardiac out-
put increases, blood pressure decreases because of venous
distensibility.

Heart. Heart size increases, and the heart is elevated because
of the movement of the diaphragm.

■  Heart rhythm disturbances are more common during
pregnancy.

■  Heart rate usually increases 10 to 20 beats per minute by
full term and returns to normal levels within 6 weeks after
delivery.

■  Cardiac output increases 30% to 60% during pregnancy
and is most significantly increased when a woman is in the
left side-lying position, in which the uterus places the least
pressure on the aorta.

Musculoskeletal System
Abdominal muscles. The abdominal muscles, particularly
both sides of the rectus, as well as the linea alba, are all subjected
to significant biomechanical changes and become stretched to
the point of their elastic limit by the end of pregnancy. This
greatly decreases the muscles’ ability to generate a strong con-
traction and thus decreases their efficiency of contraction. The
shift in the center of gravity as the baby grows also decreases
the mechanical advantage of the abdominal muscles.68,125

Pelvic floor muscles. The pelvic floor muscles, in their anti-
gravity position, must withstand the total change in weight;
the pelvic floor drops as much as 2.5 cm (1 in.) as a result of
pregnancy.120

Connective tissues and joints. The hormonal influence on
the ligaments is profound, producing a systemic decrease in
ligamentous tensile strength. Joint laxity has been measured
in multiple joints during pregnancy and postpartum, with 
attempts to correlate hormonal levels with changes in joint
stability and also to determine the connection between mus-
culoskeletal impairments related to childbearing with levels
of estradiol, progesterone, relaxin, and cortisol. A longitudinal
study of 35 pregnant women that measured wrist laxity
showed increases in each of the above serum levels with 
significant correlation found only between cortisol levels and
increased laxity. The authors propose that individual differ-
ences in hormonal receptors could account for the mixed
findings over many years of studies. Better understanding 
of these hormonal influences is pertinent as it relates to per-
sistent pelvic pain or risk of POP.84

■  Clinically, it appears that these physiological changes lead
to increased vulnerability to injury in weight-bearing joints
of the back, pelvis, and lower extremities during pregnancy.

Thermoregulatory System
Metabolic rate. During pregnancy, basal metabolic rate and
heat production increase.4

■  An additional intake of 300 calories per day is needed to
meet the basic metabolic needs of pregnancy.

■  In pregnant women, normal fasting blood glucose levels
are lower than in nonpregnant women.4

Changes in Posture and Balance
Center of Gravity
The center of gravity shifts upward and forward because 
of the enlargement of the uterus and breasts. This requires
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FIGURE 25.3 Change in posture as pregnancy progresses: 
(A) 23 weeks, (B) 34 weeks.

A B

postural compensations to maintain balance and stability
(Fig. 25.3).7,67,125 

■  The lumbar and cervical lordoses increase to compensate for
the shift in the center of gravity.

■  The shoulder girdle and upper back become rounded with
scapular protraction and upper extremity internal rota-
tion because of breast enlargement; this postural ten-
dency persists in the postpartum period due to infant
care demands. Tightness of the pectoralis muscles and
weakness of the scapular stabilizers may be preexisting
to or induced by the pregnancy postural changes.

■  The suboccipital muscles respond in an effort to maintain
appropriate eye level (optical righting reflex) and to mod-
erate forward head posture along with the change in shoul-
der alignment.

■  A tendency toward genu recurvatum will shift weight toward
the heels in an attempt to counteract the anterior pull of the
growing fetus.

■  Changes in posture do not automatically correct after
childbirth, and the pregnant posture may become habitual.
In addition, many childcare activities contribute to persistent
postural faults and asymmetry.

■  This change in stance, along with growth of the baby,
makes some activities such as walking, stooping, stair
climbing, lifting, reaching, and other activities of daily
living (ADLs) progressively more challenging. 

■  Activities requiring fine balance and rapid changes in 
direction, such as aerobic dancing and bicycle riding,
may become difficult to do, especially during the third
trimester, so added caution is necessary in order to avoid
falling.4

Overview of Pelvic Floor
Anatomy, Function, and
Dysfunction

Treatment of pelvic floor impairments has become more
visible and available in the physical therapy community
over the past 15 to 20 years. As a result, both male and 
female clients with pelvic floor dysfunction are now seeking,
and being referred for, rehabilitation in larger numbers. 
Advanced and in-depth study of anatomy, including inter-
nal pelvic floor muscle assessment, physiology, evaluation,
and treatment, continues to be highly recommended for
therapists who specialize in this area. Physicians and con-
sumers, particularly with the increase of social media use,
are also more aware of the need for expert practitioners
when seeking treatment for pelvic floor dysfunction. As 
an example, a closed Facebook support group for women
experiencing POP attracted over 3,000 members in less
than 4 years (from 2011 to 2015), representing all 50 states
in the United States and 38 countries, with ages ranging
from teens to mid-80s.101

Pelvic Floor Musculature
The pelvic floor musculature is composed of multiple 
elements in a funnel-shaped orientation, with boney 
attachments to the pubic bone and the coccyx. Laterally, 
the tissues blend into a fascial layer overlying the obturator
internus. The prime mover of the pelvic floor is the levator
ani. The levator ani, in combination with the coccygeus,
forms the pelvic diaphragm. The most superficial muscles
of the pelvic floor include the superficial transverse perineal
muscles, the ischiocavernosus, the bulbocavernosus (called
bulbospongiosus in men), and the external anal sphincter.
Both the right and left sides of the pelvic floor complex
contribute fibers to the perineal body located superficially
between the vagina/scrotum and external anal sphincter
(Fig. 25.4). The structure and action of the muscles of 
each layer are summarized in Table 25.1. The combined 
action of these muscles creates a superior force toward the
heart and a puckering or drawstring motion around the
sphincters.112

Balance
With the increased weight and redistribution of body mass,
there are compensations to maintain balance.7,125

■  The pregnant woman usually walks with a wider base of
support and increased external rotation at the hips.
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988 Overview of Pelvic Floor Anatomy, Function, and Dysfunction

Female Pelvic Floor
The female pelvic floor allows for passage of the urethra,
vagina, and rectum. This automatically results in less intrinsic
stability and pelvic organ support when compared to the male
anatomy. The urogenital hiatus is the opening through which
the urethra and vagina pass; measurement of this opening is
being used as an objective measure in research design.119

Innervation
Recent cadaveric studies have uncovered many variations in
configuration of the nerves to the pelvic floor complex.11,59,124

The nerve supply to the perineal tissues includes the pudendal
nerve (with its three terminal branches, the dorsal, perineal
and rectal), the levator ani nerve, and direct branches from
the sacral nerve roots, with conflicting findings as to sacral
levels. These dual and variable innervations provide a safe-
guard in particular against damage during labor and vaginal
delivery, which would be more likely with a single-nerve
arrangement.

Function
The pelvic floor musculature has the following essential roles:

■  Provide support for the pelvic organs and their contents
■  Withstand increases in intra-abdominal pressure —”shock

absorber”
■  Contribute to stabilization of the spine/pelvis for postural

stability109

■  Sphincteric closure of urethra, vagina, and anus
■  Sexual response

Effect of Childbirth on the Pelvic
Floor
Neurological Compromise
Stretch and compression of the pudendal and levator ani
nerves occur during labor as the baby’s head travels through
the birth canal. This stretch can be 20% to 35% of the total

C

Ischial
Spine

Coccygeus
Piriformis

Obturator
Internus

Pubic
Symphysis

Urethra Vagina

Rectum
Levator
Ani

Clitoris
Ischio
Cavernosus

Bulbo
Cavernosus

Superficial
Transverse
Perineal

Levator
AniCoccyx

Coccyx

Gluteus
Maximus

External Anal
Sphincter

Orifice of
Urethra

Orifice of
Vagina

Perineal
Body
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Sacrospinous
ligament

Levator ani
muscle External

anal sphincter

Coccygeus
muscle Obturator

internus
muscle

Sacrotuberous
ligament

FIGURE 25.4 Pelvic floor muscles. (A) Sagittal section—note sling/
hammock orientation; (B) viewed from below—note figure-eight 
orientation of the muscles around the orifice of the urethra/vagina
and the anal sphincter; and (C) posterior view—note the funnel
shape of the pelvic muscles.

TABLE 25.1 Female and Male Pelvic Floor Anatomy: From Superficial to Deep

Muscle Layer Structure Action

Superficial (outlet: primarily sexual function)

Ischiocavernosus 

Bulbocavernosus in females;
bulbospongiosus in males
Superficial transverse perineal
External anal sphincter

Maintains erection of clitoris 
or penis
Vaginal “sphincter” closure, erection of clitoris
or penis, empties urethra in males
Fixes perineal body
Closure of anus

Continued
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length of the nerve structures and has been found to be more
significant in the posterior portion of the perineum.80,114 This
compromise to the nerve tissue is most intense during push-
ing (the second stage of labor), through the completion of
vaginal delivery. 

Muscular Impairment
Extreme stretching of all pelvic floor tissues is inherent in the
process of labor and vaginal delivery. Recent computerized
simulations of the biomechanics of childbirth are adding to
the understanding of these impairments.80 Muscle and/or 
ligamentous injury during labor and delivery diminishes the
maximal closure pressure of the pelvic floor complex, which
makes the entire system more vulnerable to increased intra-
abdominal pressure and changes force transmission to the
distal vagina, possibly contributing to prolapse of the bladder,
urethra, vagina, uterus, small intestine, and rectum.9

The pelvic floor musculature may also be torn or incised
during the birth process. Additional soft tissue lacerations can
occur as a result of forceps use, necessitating suturing
throughout the musculature and into the vaginal vault.

Episiotomy
An episiotomy is an incision made in the perineal body (see
Fig. 25.4B). It is automatically considered a second-degree 
laceration according to the following classification of perineal
lacerations.78

■  First degree—only skin
■  Second degree—includes underlying superficial muscle

layer 
■  Third degree—extends to anal sphincter
■  Fourth degree—tears through the sphincter and into the

rectum, possibly into the deeper muscular layer of the
pelvic floor (see Fig. 25.4 A)

Although episiotomy is common, occurring in 33% to
54% of vaginal deliveries, there is no strong medical evidence
supporting its use. In fact, outcomes with episiotomy are
worse in some cases, including pain with intercourse and ex-
tension into the external and internal anal sphincter or rec-
tum. Pelvic floor dysfunctions such as incontinence and organ
prolapse need further study relative to history of episiotomy.76

Anal sphincter defects were linked with fecal incontinence in
the postpartum period as far as 6 months after delivery in a
study done by the Pelvic Floor Disorders Network.20 Long-
term follow up (beyond 1 year postpartum) is very limited. 

Differences in recovery of pelvic floor strength in women
with and without episiotomy have been documented with
continued lack of consensus as to benefit of this procedure.76

There is consistent agreement in the literature that episiotomy
is closely associated with forceps-assisted delivery; addition-
ally, if epidural anesthesia, forceps, and episiotomy are all uti-
lized during labor and delivery, the risk of anal sphincter tear
is even greater.1,20,47,64,74 Pregnant women have many ques-
tions about labor in general and episiotomy in particular; the
clinician is able to provide education and support for the pa-
tient as she explores birthing options with her physician.

 FOCUS ON EVIDENCE
A randomized, controlled trial of 459 Canadian women dur-
ing their first pregnancy found a significant protective effect
against third- and fourth-degree tears (extensions following
episiotomy) in women who participated in “strenuous” exer-
cise three or more times per week. The researchers defined
“strenuous” exercise as bicycling, jogging, tennis, skiing, and
weight training, as opposed to “nonstrenuous” exercise such
as walking, swimming, prenatal classes, and yoga. Data were
collected regarding type, frequency, and duration of exercise

TABLE 25.1 Female and Male Pelvic Floor Anatomy: From Superficial to Deep—cont’d

Muscle Layer Structure Action

Perineal membrane (formerly urogenital diaphragm) 

Pelvic diaphragm (primary muscular support)

Deep transverse perineal

Compressor urethrae
Urethrovaginal sphincter

Levator ani
■ Pubococcygeus
■ Puborectalis
■ Iliococcygeus
Coccygeus (Ischiococcygeus)

Compression of urethra and ventral wall 
of vagina
Support of the perineal body and introitus

Prime mover of the pelvic floor, puborectalis
aids in closure of the rectum

Flexes coccyx
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for a 12-month period including prepregnancy and postpar-
tum time frames. In the “strenuous” exercise group, 200 of the
women did not have third- or fourth-degree tears compared
with only 25 women who did experience this tearing. In 
addition, this study helped dispel the theory that serious 
exercisers may have overdeveloped perineal musculature;
these women were not at increased risk for episiotomy when
compared to casual exercisers.74

Classification of Pelvic Floor
Dysfunction
This is a very broad category that encompasses bladder, bowel,
and sexual symptoms in males and females in a variety of com-
binations. Some patients present with pelvic floor disuse atro-
phy, weakness, or nerve damage; others will have overactive
pelvic floor musculature. Pelvic pain is another far-reaching,
nonspecific diagnosis; many of these patients will be seen by
multiple doctors prior to musculo-skeletal etiology being
considered.

Pelvic Organ Prolapse
A prolapse is a supportive impairment that results in vaginal
protrusion. It refers to the descent of any of the pelvic viscera
out of their normal alignment because of muscular, fascial,
and/or ligamentous deficits and because of increased abdom-
inal pressure (Fig. 25.5). A prolapse often worsens over time
and with subsequent pregnancies. Other contributing factors
include chronic increases in intra-abdominal pressure (such
as constipation or increased BMI), menopause, and possibly
significant lifting or exertion.96 

■  A cross-sectional study found stage I prolapse in 33% of
the subjects and stage II descent in 62.9%. The sample 
included 270 women with a mean age of 68.3 years and 
median parity of three vaginal births.96 In another study,
over 1,900 U.S. women were assessed for symptomatic pro-
lapse and other pelvic floor dysfunctions with findings of
prevalence in up to 49.7% of the sample correlated with
increased age, increased parity, and increased weight.98 This
is critically important information for all clinicians pre-
scribing trunk stabilization programs for female patients
regardless of diagnosis.

■  From a biomechanical aspect, activation of the pelvic floor
is necessary in coordination with deep segmental muscle
activation of the multifidus and transversus abdominis (see
Chapters 13 and 15) to prevent excessive downward forces
during all daily activities.

 FOCUS ON EVIDENCE 
Creating an “ideal” program to achieve motor learning of the
pelvic floor is complicated by differing study results. A land-
mark study done by Dr. Bump showed that brief verbal in-
struction alone was not effective in teaching correct pelvic
floor contraction technique in 50% of women and, in fact,
caused increased downward pressures to the bladder in 
25% of their sample rather than producing an appropriate
superiorly directed force.26 Other studies have confirmed 
repeatedly that skilled individualized intervention is needed
as many women perform pelvic floor contractions incorrectly.15

Studies in normal individuals promote the use of a transverse
abdominus contraction as a way to facilitate a synergistic
contraction of the pelvic floor. 109,110 However, coordinated
recruitment of the trunk muscles and the pelvic floor cannot
be assumed across the board in a standard rehabilitation set-
ting. Ideally, co-contraction of the pelvic floor with the deep
segmental muscles would be confirmed internally prior to
prescribing more challenging positions and activities.

■  As prolapse progresses, functional changes occur as a result
of perineal pressure and heaviness, including low back
pain, abdominal pressure or pain, and difficulties with
bladder and bowel elimination.23 These symptoms can in-
terfere with exercise; recreation; household responsibilities,
including yard work; and occasionally the ability to work
outside the home.96 

 FOCUS ON EVIDENCE
A 2011 Cochran review highlighted rigorous trials to support
pelvic floor muscle exercise in the treatment of prolapse with
specific recommendations for longer follow-up and varied
combinations of interventions.61 

Urinary or Fecal Incontinence
Involuntary loss of bladder or bowel contents, frequently a 
result of both neuromuscular and musculoskeletal impair-
ments, may occur in combination with prolapse. A conser-
vative estimate of people affected with urinary or fecal
incontinence is 25 million in the United States alone.90

Women are twice as likely to have these symptoms as men.43

In a recent prevalence study of noninstitutionalized persons
over the age of 65, over 25% of men and 50% of women 
reported urinary incontinence.58 These patients often have
significant social discomfort, anxiety regarding leakage, and
hygiene concerns. Significant financial implications exist for

Bladder Bowel

Levator
ani

Uterus

FIGURE 25.5 (A) Good pelvic floor support with a firm base, organs
in normal position. (B) Inadequate support, pelvic organs descend.
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both the individual and the larger society. In a systematic
review, analysis of costs for women in the United States, 
including both conservative and surgical interventions, totaled
over $12 billion per year.32 Types of incontinence are sum-
marized in Box 25.2.

 FOCUS ON EVIDENCE
Multiple studies have shown statistically significant improve-
ment in urinary leakage as a result of a program of pelvic floor
strengthening.46,81,87,88,108,122 Decrease in postprostatectomy
leakage in men has also been documented after pelvic floor
exercise, at times in combination with biofeedback. 57, 81,125

Functional improvements (decreased urinary inconti-
nence and improved pelvic floor strength) have been noted
in late pregnancy and from 3 to 12 months postpartum in a
number of studies.87,88,108

There is strong evidence in support of skilled interven-
tion for pelvic floor dysfunction. The inclusion of physical
therapists in the first line of treatment allows integration of
exercise physiology and progressive strengthening principles
to treatment protocols along with proper instruction and
close follow-up.15 Bø16 summarized current findings in sup-
port of pelvic floor rehabilitation in the treatment of stress
urinary incontinence:

■  Strength training of the pelvic floor (using principles of 
exercise physiology) improves structural support of the 
organs and connective tissue in addition to facilitating
more effective recruitment of motor units and more con-
sistent, proficient contractions.

■  Counterbracing with the pelvic floor musculature, done 
intentionally and habitually prior to increases in intra-
abdominal pressure, becomes a form of behavioral modifi-
cation with “trigger” activities such as lifting and coughing.

Pain and Overactivity of the Pelvic Floor 
and Surrounding Musculature
Pain and overactivity may be related to delayed healing of 
perineal lacerations, trauma to the soft tissues and/or the
pelvic girdle joints during delivery, pelvic obliquity, multiple
gynecologic/visceral diagnoses, cauda equina involvement,
and scar tissue restrictions, as well as high incidence clinically
of protective muscle spasm, guarding, and anxiety regarding
movement in general. Central sensitization and pain educa-
tion are key factors in treatment planning.29

■  One study described “nonmenstrual” pelvic pain as being
most commonly caused by endometriosis, adhesions, inter-
stitial cystitis, or irritable bowel syndrome, occurring in as
much as 20% of women aged 15 to 50.18 In another study
with a total sample of 581 women (aged 18 to 45), the fol-
lowing prevalence was found: pelvic pain, 39%; dyspareunia
(pain with intercourse), 46%; and dysmenorrhea, 90%.68

■  Functional impairments may include pain with ADLs, 
decreased sitting tolerance, dyspareunia, and difficulty with
elimination of bladder and bowel contents. In patients with
pelvic pain impairments, often referred to as chronic pelvic
pain (CPP), persistent tightness of the lumbar paraspinals
and hip flexors is typically present.10

■  Because of the breadth of this topic, treatment recommen-
dations are conflicting. Attention is being given to the 
correlation of pelvic pain with a history of sexual abuse,
which highlights the need for multidisciplinary assessment
in order to address all potential causative factors. Sexual
abuse continues to be underreported, yet recent studies
cite rates of 20% to 25% of women who report childhood
sexual trauma.69,102,105

Risk Factors for Dysfunction 
in the Female Population
Childbirth
Childbirth is clearly the most significant risk factor for female
pelvic floor impairments. The process of labor, particularly
with vaginal delivery and current medical management, can
produce significant trauma to the structures of the pelvic
floor.

■  A longitudinal cohort study with follow-up 15 years after
delivery (n = 55) showed that stress incontinence during
the first pregnancy doubled the risk of reoccurrence 15 years
later.41 With respect to risk of future POP, in a cohort study
of over 17,000 women, those with one delivery were four
times more likely, and those with two children were over
eight times more likely to have a subsequent hospital 
admission for POP. However, this study did not distinguish
mode of delivery.82

■   Other potential obstetric risk factors include mothers older
than 30 years of age, multiple deliveries, prolonged second
stage (over 1-2 hours) of labor, forced pushing, use of forceps,
vacuum extraction or oxytocin, third- or fourth-degree per-
ineal tears, and birth weight greater than 8 lb.56,68,75,97,116,123

BOX 25.2 Types of Lower Urinary Tract
Impairments1

■ Stress urinary incontinence: loss of urine with increased
abdominal pressure (exertion, cough, sneeze) may present
in isolation or combined with urge incontinence

■ Urgency: sudden desire to void, hard to ignore, may be
called overactive bladder

■ Urge urinary incontinence: loss of urine associated with a
strong sense of urgency 

■ Detrusor overactivity: bladder contractions during filling
phase, seen on urodynamics

■ Retention incontinence: hypotonic or acontractile bladder
leads to dribbling of urine or interrupted flow (previously
called Overflow)

■ Functional incontinence: related to other impairments
such as arthritis, Parkinson’s, dementia, medications
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Other Causes
Women who have never been pregnant may also present with
pelvic floor dysfunction. Excessive straining because of
chronic constipation, smoking, chronic cough, obesity, and
hysterectomy can contribute to these impairments in any
woman.5,13,43,,123 More recent studies are uncovering a con-
nection between high impact exercise and urinary leakage,
even in young athletes.40 The role of estrogen in the develop-
ment of incontinence is still unclear, with some studies citing
estrogen depletion as a risk factor,43 and others finding a con-
nection between incontinence and oral estrogen-replacement
therapy.66,123 High caffeine intake has been cited as a specific
risk factor for urge incontinence,25,66 and reduction of 
caffeine, combined with dietary modifications and pelvic
floor exercises, has led to improved continence.25

Considerations for Treatment 
of Pelvic Floor Dysfunction 
in the Male Population
As physical therapists become more knowledgeable and pro-
ficient in female pelvic floor impairments, it may be an “easy”
and natural transition to add services for male (and possibly

pediatric clients). Continued training for therapists is im-
perative and available. Teaching of pelvic floor awareness
and correct exercise technique is similar as for women in
terms of explaining the anatomy and function of the mus-
culature. However, men can see movement of the base of the
penis and scrotum, which gives them more immediate feed-
back regarding accurate identification of the pelvic floor
muscles. The primary contributing factor for pelvic floor
dysfunction in men is prostate enlargement or prostate 
cancer treatment; otherwise, many of the same topics of dis-
cussion apply (i.e., increases in intra-abdominal pressure,
caffeine) when educating these clients. Evidence is growing
for this population as well in terms of optimal rehabilitation
approaches.57,85,91,106,122

Interventions for Pelvic Floor
Impairments
Management of both women and men with pelvic floor im-
pairments involves a comprehensive approach. Management
guidelines for pelvic floor impairments are summarized in
Box 25.3. Exercises for the pelvic floor are described in the 
exercise section of this chapter.

BOX 25.3 MANAGEMENT GUIDELINES—
Pelvic Floor Impairments

Potential Impairments of Structure and Function, Activity Limitations, and Participation Restrictions
Pelvic floor muscle weakness, soft tissue disruption

Lack of sphincter control resulting in urinary or fecal incontinence

Organ prolapse

Poor proprioceptive awareness and disuse atrophy of the pelvic floor muscles

Lack of knowledge of pelvic floor muscle function

Over activity of pelvic floor muscles along with pain and/or voiding dysfunction

Limited participation in work, social, and community activities related to:
■ frequent urges/poor sphincter control/pain and discomfort
■ potential skin breakdown, hygiene concerns

Plan of Care Interventions

1. Educate the patient 

2. Coordinate intervention 
with other professionals

3. Develop self-management 
strategies

1. Explain the anatomy and function of the pelvic floor.
Explain intervention approach for specific impairments.
Increase awareness of risk factors for pelvic floor impairments (weight gain,
constipation, etc.).
Educate regarding skin care as needed.

2. Consult with physician regarding medications, further diagnostic testing.
Consult with dietitian regarding diet.
Refer for internal pelvic floor musculoskeletal assessment as needed.

3. Increase awareness of bladder irritants, impact of bowel function on bladder
symptoms, and recommended fluid/fiber intake.
Use voiding diary to record baseline information and monitor improvements
in leakage and urgency.
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BOX 25.3 MANAGEMENT GUIDELINES—
Pelvic Floor Impairments—cont’d

Plan of Care Interventions

4. Screen for unresolved 
postpartum impairments

5. Develop awareness and control 
of the pelvic floor musculature 
for life-long daily functional use

Use exercise log.
Teach urge suppression techniques.
Incorporate pain management and self-care strategies.

4. Assess strength/integrity of abdominal wall, postural asymmetries, history of
other musculoskeletal issues.

5. Increase implementation of pelvic floor activation and relaxation as
appropriate for retention of motor patterns and integration with ADLs.

Patient Education
Teach the patient about pelvic floor anatomy and function.
Place emphasis on appreciating all three dimensions of the
muscle complex: the sling/hammock fibers, the figure-eight
orientation of the musculature, and the “funnel” configura-
tion extending inferiorly to the outlet (see Fig. 25.4). Use 
visual aids to help the patient visualize the fibers that run 
anterior-posterior as well as superior-inferior (to create a “lift-
ing” motion toward the heart), as well as the circumferential
fibers (which produce a drawstring or “pucker” effect). Verbal
cues that seem to be effective include “tighten your muscles as
if to hold back gas and urine” along with visualizing the lift and
pucker motions. Be specific with gender differences, mention-
ing the image of tightening around the vaginal opening and
movement of the penis and scrotum as appropriate.

Provide individual instruction in exercise performance.
Detailed, individual exercise instruction is linked to signifi-
cant proprioceptive improvement and meets the criteria for
skilled care. Successful strengthening is unlikely without this
individualized educational component along with later con-
firmation of correct exercise performance.15

Teach bladder and bowel management. Regardless of 
primary symptoms, it is important to educate all clients on
behavioral management specifically concerning bladder irri-
tants and fiber intake. Most clients are motivated to apply
tools that will improve continence; however, cutting back on
caffeinated beverages and improving fiber intake can be very
challenging. Help the patient develop a routine for keeping
track of and then modifying the daily habits that affect the
impairments. Suggestions include:

■  Voiding diary. Have the client record all voids, any time
there is an “accident,” and cause of leakage if known (cough,
sneeze). Also have the patient record amount/frequency/type
of all fluids, and food intake if monitoring fiber. If protective
garments are used, record type and number per day. Many
sample diaries can be found on the Internet.

■  Exercise log. Have the patient record, or check off, when
pelvic floor exercises are performed as well as any general
fitness exercises. 

■  Urge suppression techniques. With urge incontinence
have the patient practice techniques to calm the sudden
strong urge to urinate or leak urine.43 Suggestions include:
■ Remaining calm (panic makes the urge worse)
■ Use pelvic floor contractions27,113

■ Standing still or sitting down until the urge disappears—
usually 1 minute

■ Thinking of something else as a distraction
■ Trying not to rush to the toilet
■ Continue with normal activity or visit the toilet after

the urge disappears. To help retrain the bladder, try a
5-minute delay then calmly walking to the bathroom.

Review the diary and exercise log periodically with the 
patient to note progress and provide additional education as
needed. 

Neuromuscular Re-education
Facilitate pelvic floor muscular activation. Neuromuscular
re-education is essential because many women have significant
disuse atrophy and proprioceptive deficits of the pelvic floor
muscles. Internal techniques of assessment and treatment
may be indicated for optimal patient outcomes. For example,
manual stretch facilitation (a proprioceptive neuromuscular
facilitation technique) to the levator ani at the vaginal or anal
orifice can be an effective treatment option for clinicians with
appropriate training. 

Initially, emphasize correct identification of the pelvic
floor musculature, with the goal of the patient learning iso-
lated contractions of the pelvic floor. Many patients exhibit
excessive accessory muscle recruitment (such as the gluteals,
hip adductors, and abdominals) or the tendency to breath
hold during attempts to recruit the pelvic floor muscles.
Monitor for these substitutions during early treatment 
sessions to eliminate their use. Palpate the pelvic floor muscles
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at the perineal body over thin layers of fabric to verify correct
activation, and then teach this palpation technique to the 
patient for use at home to assist in the re-education process.
Once the patient learns to isolate and improve coordination
of the pelvic floor contractions progress the instruction to
integration of pelvic floor activity with ADLs, lumbar stabi-
lization, and other functional strengthening exercises. 

Biofeedback
Use biofeedback with instrumentation. The definition of
biofeedback is “the technique of using monitoring devices 
to furnish information regarding … bodily function … in an
attempt to gain some voluntary control over that function”
(www.thefreedictionary.com). This can be accomplished by a
creative physical therapist in a number of ways. There are
multiple types of instruments that can be used to provide 
sensory feedback as the pelvic floor muscles contract around
the device. Some are pressurized objects that allow for iso-
tonic strengthening. Traditional surface electromyography
(SEMG) sensors are solid and provide isometric resistance to
the muscular contraction. SEMG can also be applied through
peri-anal sensors for patients who are not candidates for in-
ternal assessment or treatment. SEMG provides immediate
visual and/or auditory feedback regarding pelvic floor 
activity, which improves patient comprehension, appropri-
ate recruitment patterns, and proprioceptive awareness. It
is particularly invaluable for pelvic floor re-education and
retention of motor learning pathways owing to generalized
lack of knowledge of the muscles’ existence, let alone their
function and importance. Motor learning, which is facili-
tated through the “real-time” capabilities of the equipment,
is greatly enhanced when compared to exercise without this
intervention.

Combine biofeedback with exercises. Specific exercises 
to address pelvic floor impairments are listed in the exercise
section of the chapter. The use of exercise and biofeedback,
including SEMG for treatment of pelvic floor dysfunction in
both male and female populations, has been studied with
mixed results.27,43,57,103,106,126The need for further research is
great.

Manual Treatment and Modalities
Manual treatment and modalities, including intravaginal and
intrarectal techniques, also play a role in the treatment of all
pelvic floor disorders. Advanced training is necessary for true
expertise with internal techniques.

 FOCUS ON EVIDENCE
FitzGerald48 analyzed improvement in pelvic pain and uri-
nary urgency and frequency comparing specific pelvic floor
myofascial release techniques to “global therapeutic massage.”
A significantly higher proportion of the 81 women in the
study improved with the direct physical therapy interventions
versus massage (p = 0.0012). 

Pregnancy-Induced Pathology

The combined influence of hormones, weight gain, and 
postural changes of pregnancy contributes to a variety of 
impairments (in addition to pelvic floor dysfunction that was
described in the previous section) that can be addressed with
physical therapy.

Diastasis Recti
Diastasis rectus abdominis (DRA) is separation of the rectus
abdominis muscles in the midline at the linea alba. Elizabeth
Noble was the first physical therapist to describe rehabilita-
tion for this condition.93 The etiology of this separation is 
unknown; however, the continuity and integrity of the abdom-
inal musculature are disrupted (Fig. 25.6). Any separation
larger than two finger widths is considered significant.19,28,93

Currently other methods of assessment and treatment are
being explored (for example, rehabilitative ultrasound or
calipers versus manual palpation to measure separation) in
order to determine best practice.73

FIGURE 25.6 Diagrammatic representations of diastasis recti. (From
Boissonnault, JS, and Kotarinos, RK: Diastasis recti. In Wilder, E [ed]:
Obstetric and Gynecologic Physical Therapy, Vol. 20, ed. 1. New York:
Churchill Livingstone, 1988, p 91, with permission.)

Incidence
This condition is frequently seen in the childbearing woman,
although it is not exclusive to this population. In one study,
Boissonnault and Blaschak19 tested 89 women for separation
of the rectus abdominis muscles. The sample included one
group of women who were not pregnant, one group for each
trimester of pregnancy, and two postpartum groups. The 
incidence in this study ranged from none in the nonpregnant
and first trimester women, to 27% in the second trimester, 
to a high of 66% in the third trimester. Also of interest is that
36% of the women between 5 weeks and 3 months postpartum
continued to display a separation. A study by Bursch28 found
a significant diastasis in 62.5% of postpartum women tested
within 92 hours of delivery. In a population of 547 women
seen in a urogynecology practice, 52% of the primarily
menopausal women had persistent diastasis recti; 66% of
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those with DRA also had various combinations of stress or
fecal incontinence and POP.118

■  Diastasis recti may occur in pregnancy as a result of hor-
monal effects on the connective tissue and the biomechan-
ical changes of pregnancy; it may also develop during labor,
especially with excessive breath holding during the second
stage.120 It causes no discomfort.

■  It can occur above, below, or at the level of the umbilicus
but appears to be less common below the umbilicus.

■  It appears to be less common in women with good abdom-
inal tone before pregnancy.19

■  Clinically, a diastasis may be found in women well past
their childbearing years118 (Fig. 25.7 A) and also in men
(Fig. 25.7 B). Routine assessment for this condition is
highly recommended in all clients and can easily be done
in conjunction with abdominal strength testing. 

decreased ability of the abdominal musculature and thora-
columbar fascia to stabilize the pelvis and lumbar spine.

Activity limitations. Activity limitations can also occur,
such as inability to perform independent supine-to-sitting
transitions because of extreme loss of the mechanical align-
ment and function of the rectus muscle. Again, this finding is
not exclusive to women in the childbearing years.

Decreased fetal protection. In severe separations, the 
remaining midline layers of abdominal wall tissue are skin, 
fascia, subcutaneous fat, and peritoneum.19,28,120 The lack of
muscular support provides less protection for the fetus.

Potential for herniation. Severe cases of diastasis recti may
progress to herniation of the abdominal viscera through the
separation at the linea alba. This degree of separation requires
surgical repair. Rehabilitation following this type of repair
may include components of C-section rehabilitation, with
specific precautions and input from the referring surgeon.
There may be a need for very slow progression depending on
the severity of the diastasis and type of repair.

Examination for Diastasis Recti
Test all patients for the presence of diastasis recti before pre-
scribing any abdominal exercises. Repeat this test throughout
pregnancy and rehabilitation, and make appropriate modifi-
cations to existing exercises. This is a very quick assessment
to incorporate with other trunk testing procedures.

Instruct female patients to perform a self-test on or after
the third postpartum day for optimal accuracy. Until 3 days
after delivery, the abdominal musculature has inadequate tone
for valid test results.93,120

Patient position and procedure: Hook-lying. Have the 
patient slowly raise his/her head and shoulders off the floor,
reaching hands toward the knees, until the spines of the
scapulae leave the floor. Place the fingers of one hand hori-
zontally across the midline of the abdomen at the umbilicus
(Fig. 25.8); also test above and below the umbilicus. If a

FIGURE 25.7 (A) Diastasis recti abdominus (DRA) of an 82-year-old
woman who currently has urinary incontinence and emphysema. 
The DRA began with earlier pregnancies and is now exacerbated
with coughing. Note the umbilical hernia. (B) DRA in a 54-year-old
male truck driver with low back pain and significant deconditioning.

A

B

Significance
The condition of diastasis recti may produce musculoskeletal
complaints, such as low back pain, possibly as a result of 

FIGURE 25.8 Diastasis recti test.
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separation exists, the fingers will sink into the gap between
the rectus muscles, or a visible bulge between the rectus bellies
may be appreciated. Document the number of fingers that
can be placed between the muscle bellies and identify if the
separation is above, below, or at the level of the umbilicus.93

Intervention for Diastasis Recti
Teach the patient to perform the corrective exercise for diastasis
recti (see Fig. 25.11 and accompanying text later in this chapter)
until the separation is decreased to 2 cm or less prior to resum-
ing more strenuous abdominal strengthening that increases
intra-abdominal pressure.93,120 Transverse abdominis exer-
cises may be incorporated with the caution against breath hold-
ing. Once correction has been obtained, strengthening of the
obliques and more advanced abdominal work can be resumed.67

Posture-Related Back Pain
Back pain commonly occurs because of the postural changes of
pregnancy, increased ligamentous laxity, hormonal influences,
and decreased abdominal muscle function.5,7,39,67,93,100, ,108,125

Incidence
Back pain is reported by 50% to 80% of pregnant women at
some point during pregnancy.51,92 This condition contributes
to lost work days, decreased functional ability, and QOL scores.
In addition, symptoms may continue in the postpartum 
period, with prevalence in as many as 68% of women, for as
long as 12 months after delivery.92,99 Women who are physi-
cally fit generally have less back pain during pregnancy.103

Characteristics
The symptoms of low back pain usually worsen with muscle
fatigue from static postures or as the day progresses; symp-
toms are usually relieved with rest or change of position. 

Interventions
Low back pain symptoms can be treated effectively with many
traditional low back exercises, proper body mechanics, pos-
ture instructions, and improvement in work techniques, along
with superficial modality application.93,120 The use of deep
heating agents, electrical stimulation, and traction is generally
contraindicated during pregnancy.

 FOCUS ON EVIDENCE
Garshasbi and Faghih Zadeh51 studied more than 200 prim-
igravid women (pregnant for the first time) in a prospective
randomized study on the effect of exercise and the intensity
of low back pain during pregnancy. Subjects were excluded if
they had a history of exercise before pregnancy or history of
orthopedic conditions. The exercise group was in a supervised
exercise program for 3 hr/wk for 12 weeks in the second and
early third trimesters; the control group was women who were
homemakers and had no significant change in activity level.
The groups were statistically equal in maternal and neonatal
weight gain, as well as length of pregnancy. The exercise group

experienced significant decrease in intensity of low back pain
by the end of the study, whereas intensity was increased in the
control group. The study did not describe the nature of the
symptoms or differentiate between postural pain and sacroil-
iac pain. Interestingly, there was no significant difference in
the change in lordosis between the two groups.

A 2007 Cochrane review found pregnancy specific 
exercises—including “water gymnastics”—to provide relief
of back or pelvic pain more than typical prenatal care alone, 
although the effect was small due to potential bias in the stud-
ies.104 In 2015 this subject was revisited with a larger number
of studies in the review. Moderate- to low-quality evidence
documented that land exercise for low back pain reduces
functional disability and sick days more than standard pre-
natal care. There are continued questions due to heterogeneity
in study design and small numbers of subjects.79

Sacroiliac/Pelvic Girdle Pain
Characteristics
Sacroiliac pain is localized to the posterior pelvis and is 
described as stabbing deep into the buttocks distal and lateral
to L5/S1. Pain may radiate into the posterior thigh or knee
but not into the foot. Symptoms include pain with prolonged
sitting, standing or walking, climbing stairs, turning in bed,
unilateral standing, or torsion activities. Symptoms may not
be relieved by rest and frequently worsen with activity. Pubic
symphysis dysfunction may occur alone or in combination
with sacroiliac symptoms and includes significant tenderness
to palpation at the symphysis, radiating pain into the groin
and medial thigh, and pain with weight bearing. In addition,
excessive separation and translation at the joint may occur.39,120

One study reported a four times greater incidence of posterior
pelvic pain than low back pain in pregnant women.100

Interventions
Treat pelvic girdle and sacroiliac symptoms via modification
or elimination of activities that may further aggravate sensi-
tive tissue, stabilization exercises, and the use of belts and
corsets to provide external support to the pelvis.

Activity modification. Help the patient adapt her daily 
activities to minimize asymmetrical forces acting on the trunk
and pelvis. For example, teach:

■  getting into a car by sitting down first, then pivoting both
legs and the trunk into the car, keeping the knees together

■  log rolling for transitions in bed
■  side-lying symmetry by placing a pillow between the knees

and under the abdomen
■  modifying sexual positions to avoid full range of hip 

abduction
■  avoiding single-leg weight bearing, excessive abduction,

and sitting on very soft surfaces
■  avoiding climbing more than one step at a time, swinging

one leg out of bed at a time when getting up, or crossing
the legs when sitting39,120
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Exercise modification. Modify exercises so as not to aggravate
the condition. Avoid exercises that require single-leg weight
bearing and excessive hip abduction or hyperextension. Teach
the patient to activate the pelvic floor and transverse abdominals
when transitioning from one position to another and with any
lifting in order to stabilize the trunk and pelvis.

 FOCUS ON EVIDENCE
A randomized, clinical trial with 2-year follow-up looked at
long-term effects of physical therapy for pelvic girdle pain in
the postpartum period.121 Each group had 20 weeks of treat-
ment, with the control group focusing on modalities, manual
therapy, and general exercises. In addition, the second group
had specific focus on trunk/hip stabilizing exercises, with par-
ticular attention to the transverse abdominals. All participants
received individual instruction from an experienced physical
therapist. Outcome measures included the Oswestry Disability
Questionnaire, pain scales, and a health-related QOL tool that
measured eight subscales. At 1 year postpartum, the group
with specific stabilizing exercises showed significantly better
scores on all measures of those three tools, except for the social
functioning subscale of the QOL tool. The same measure-
ments were collected at 2 years’ post-delivery, and the benefit
for the stabilization group persisted, with significant differ-
ences in functional status and morning and evening pain. The
specific exercise group had scores on QOL comparable to
those of a representative group of the general population.

External stabilization. Use of external stabilization such 
as belts or corsets designed for use during pregnancy helps
reduce posterior pelvic pain, especially when walking.

 FOCUS ON EVIDENCE
Ostgaard and colleagues100 found that the use of nonelastic
external stabilization designed for use during pregnancy
helped reduce posterior pelvic pain in 82% of women. This
was a large, randomized, controlled study (n = 407). More 
recent studies have validated the use of external stabilization
for pelvic girdle pain (n = 118)92 but found no effect with a
support belt in cases of pubic symphysis pain (n = 87).39

The Clinical Practice Guidelines (CPGs) for Pelvic Girdle
Pain in the Antepartum Population recommend using sup-
port belts for the antepartum patient with pelvic girdle pain
and also state there is need for further research to clarify initial
application, duration, and specific patient classifications 
because of conflicting evidence.37

Varicose Veins
Varicosities are aggravated in pregnancy by the increased
uterine weight, venous stasis in the legs, and increased venous
distensibility.

Characteristics
Varicosities can present in the first trimester and are more
prevalent with repeated pregnancies. They can occur in the
lower extremities, the rectum (hemorrhoids), or vulva. Symp-
toms usually include heaviness or aching discomfort, espe-
cially with dependent leg positions; intensity may become
severe as the pregnancy progresses. In addition, pregnant
women are more susceptible to deep vein thrombosis.120

Interventions
Exercise modification. If there is discomfort, modify exer-
cises so that minimal dependent positioning of the legs occurs.

External support. Encourage the patient to wear elastic 
support stockings to provide an external pressure gradient
against the distended veins, to perform lower extremity exer-
cises, and to elevate the lower extremities as often as possible.
Vulvar varicosities may benefit from use of external support
to provide counter-pressure and support to the tissues.93

Joint Laxity
Significance
All joint structures are at increased risk of injury during preg-
nancy and during the immediate postpartum period.84 The
tensile quality of the ligamentous support is decreased, and
therefore injury can occur if women are not educated regard-
ing joint protection. There is much controversy regarding the
impact of postpartum hormone levels; however, elevated 
levels have been found 3 to 5 months after delivery.120 This 
elevation may persist even longer if the woman is nursing.
Many patients are aware of persistent symptoms in conjunc-
tion with the menstrual cycle, and this correlation is certainly
seen clinically.

Interventions
Exercise modification. Teach the woman safe exercises to
perform during the childbearing year, including modification
of exercises to decrease excessive joint stress (see exercises 
described in the management section of this chapter).

Aerobic exercise. Suggest non-weight bearing or less stress-
ful aerobic activities such as swimming, walking, or stationary
biking, particularly for women who were relatively sedentary
before pregnancy. Other activities that may be initiated in
pregnancy include modified yoga or Pilates and strength
training.4

Nerve Compression Syndromes
Causes
Impairments from conditions such as thoracic outlet syn-
drome (TOS) or carpal tunnel syndrome (CTS) may be
caused by one or more of the following in pregnancy: postural
changes in the neck and upper quarter, fluid retention, hor-
monal changes, or circulatory compromise. Overall, women
are three times as likely as men to experience CTS. Occurrence
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in pregnancy can be as high as 41%.103 (See Chapter 13 for a
discussion of CTS and TOS and Chapter 14 for a discussion
of posture.)

Nerve compression syndromes (for example, of the lateral
femoral cutaneous nerve) may also occur in the lower extrem-
ities because of the weight of the fetus, fluid retention, hor-
monal changes, or circulatory compromise.

Interventions
Typical protocols include postural correction exercises, manual
techniques, ergonomic assessment, and modalities (see
Chapter 13 for management of nerve compression syn-
dromes). A static wrist orthosis may be used in the treatment
of CTS. Carpal tunnel surgery in the pregnant population is
rare because symptoms generally resolve soon after delivery;
a longer course of the problem has been noted in women who
breastfeed.120

Exercise Interventions for
Pelvic Floor Impairments,
Pregnancy, Labor, and Related
Conditions

Exercise for the Pelvic Floor

Pelvic floor muscle training is a valuable modality regard-
less of a patient’s presentation or cause of symp-
toms.13,16,26,31,45,47,49,50,66, 67,87,88,93,103,108,120,125 Although this
chapter is geared toward women’s health, men with pelvic
floor impairments may benefit from exercise interventions
and are therefore included in this material. Many men and
women are unfamiliar with the presence of the pelvic floor
muscles and are even less aware of their function and role in
daily activities. For women, symptoms are often linked with
the childbearing years owing to the stress of pregnancy, labor,
and delivery on the pelvic floor. For men, bladder and/or
bowel impairments or sexual dysfunction may co-exist with
prostate enlargement, cancer, surgery, or cancer related treat-
ment.57,85,91,106,122 The management guidelines outlined in
Box 25.3 and exercises presented in this section are therefore
used when treating the range of impairments described in
this chapter in both female and male clients. 

Pelvic Floor Awareness and Training
Begin pelvic floor exercises with an empty bladder. Gravity-
assisted positioning (hips higher than the heart, such as sup-
ported bridge or elbows/knees position) may be indicated 
initially for some clients with extreme weakness and proprio-
ceptive deficits. Explore various positions to maximize patient
awareness and motor learning with progression into more chal-
lenging activities/positions as functional application becomes
feasible.

Contract-Relax
Instruct the client to tighten the pelvic floor as if attempting
to stop urine flow or hold back gas. Hold for 3 to 5 seconds,
and relax for at least the same length of time. Repeat as
many as 10 times (if performed with proper technique). As
pelvic floor muscle fibers fatigue, substitution with the
gluteals, abdominals, or hip adductors may occur. To max-
imize proprioception and motor learning, it is important
initially to emphasize identification and isolation of the
pelvic floor and avoid the substitute muscle actions.115 In
addition, watch for Valsalva’s maneuver; if necessary, have
the client count out loud to encourage normal breathing
patterns.

Quick Contractions
Have the client perform quick, repeated contractions of the
pelvic floor muscles while maintaining a normal breathing
rate and keeping accessory muscles relaxed. Try for 15 to 
20 repetitions per set. This type II fiber response is important
to develop in order to withstand pressure from above, espe-
cially with coughing or sneezing. 

“Elevator” Exercise
Instruct the client to imagine riding in an elevator. As the 
elevator goes up from one floor to the next, she contracts the
pelvic floor muscles a little “higher.” As strength and awareness
improve, add more “floors” to the sequence of the contrac-
tion. Another way to increase difficulty is to ask for relaxation
of the muscles gradually, as if the elevator were descending
one floor at a time. This component requires an eccentric
contraction and is very challenging.

Pelvic Floor Relaxation
■  Instruct the client to contract the pelvic floor as in the

strengthening exercise, then allow total voluntary release
and relaxation of the pelvic floor. Emphasize use of the
“elevator” imagery, with particular attention to taking the
elevator to the “basement.”

■  Pelvic floor relaxation is closely linked with effective
breathing and relaxation of the facial muscles. Emphasize
slow, deep breath and allow the pelvic floor to completely
relax and soften. For a woman, relaxation of the pelvic floor
is extremely important during stage 2 of labor and vaginal
delivery.50,93,120

■  Chronic inability to relax the pelvic floor muscles may
lead to impairments such as pelvic floor overactivity,
pain with intercourse (dyspareunia), or voiding dysfunc-
tion. (Please refer to the earlier information on pelvic
pain syndromes.) If the patient presents with these
symptoms, only prescribe submaximal, quick contrac-
tions in order not to increase tension; in addition, 
increase the rest time between pelvic floor contractions
and sets. Use of surface EMG for downtraining, and mus-
cle reeducation is invaluable with these impairments for
increasing awareness of holding patterns, pain inhibition,
and resting levels.
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CLINICAL TIP
For optimal outcomes, pelvic floor contractions should be 
incorporated into routine ADLs, particularly activities that
are “triggers” for leakage due to increased intra-abdominal
pressure; used for stabilization prior to coughing or sneezing;
and continued for life-long health benefits.16,66 From a neu-
rophysiology standpoint, voluntary pelvic floor contractions
create reflex inhibition through Bradley’s Loop 3, which 
inhibits internal urethral sphincter relaxation and relaxes 
the detrusor muscle, leading to less urinary urgency and 
improved voiding intervals.113 

Related Exercises for Pelvic Floor
Stabilization
Hip Rotation72

Patient position: To recruit greater pelvic floor muscle 
activity, instruct the patient to sit tall (avoid slouching), with
feet on the floor.111

■  Have the client first perform active internal and external
rotation by moving each leg outward and inward 

■  For resisted hip external rotation, place a resistance band
around the distal thighs and instruct the client to roll their
knees out against the band (the feet remain on the floor
with heels touching and toes pointed outward to form a
V), and hold the contraction for 5 seconds (Fig. 25.9 A).

■  For resisted hip internal rotation, place an inflatable ball 
(approximately 9”) between the knees and instruct the

client to squeeze the ball by rolling their knees inward (the
feet remain on the floor with the toes touching and heels
sliding apart), and hold the contraction for 5 seconds
(Fig. 25.9 B). 

Stabilization Exercises
Ideally, pelvic floor muscles contract in synchrony with the
deep segmental muscles of the spine (multifidus and trans-
verses abdominis); stabilization exercises may be helpful to
facilitate contraction of the pelvic floor as a component 
of pelvic floor motor learning.14,109,110 These exercises are 
described in Chapter 16. When used during pregnancy, spe-
cific precautions are identified later in this chapter.

Aerobic Exercise During
Pregnancy

Many women who have been doing aerobic exercises
choose to continue exercising during pregnancy to main-
tain their cardiopulmonary fitness. Maternal4,8,33,35,70,125

and fetal4,33,31,36,50,70,117,125 responses have been well studied;
therefore, this information is used to guide both the thera-
pist and the patient in determining necessary modifications
to an existing exercise program. The physiological effects
of aerobic exercise to both the mother as well as fetus 
are described, followed by recommendations for fitness 
exercise. 

Maternal Response to Aerobic Exercise
Blood Flow
Aerobic exercise does not reduce blood flow to the brain and
heart. It does, however, cause a redistribution of blood flow
away from the internal organs (and possibly the uterus) and
toward the working muscles. This raises two concerns: that
the reduction in blood flow may decrease the oxygen and 
nutrient availability to the fetus and that uterine contractions
and preterm labor may be stimulated.33 Stroke volume and
cardiac output both increase with steady-state exercise. This,
coupled with increased blood volume and reduction in sys-
temic vascular resistance during pregnancy, may help offset
the effects of the vascular shunting.

Respiratory Rate
The maternal respiration rate appears to adapt to mild exer-
cise but does not increase proportionately with moderate and
severe exercise when compared with a nonpregnant state. The
pregnant woman reaches a maximum exercise capacity at a
lower work level than a nonpregnant woman because of the
increased oxygen requirements of exercise.

Hematocrit Level
The maternal hematocrit level during pregnancy is lowered;
however, it rises as many as 10 percentage points within 

A B

FIGURE 25.9 Hip rotation exercises to recruit pelvic floor muscle 
activity. (A) Resisted external rotation using a resistance band (note
feet remain on floor in V position with heels touching), and (B) resis-
ted internal rotation squeezing a ball between the knees (feet remain
on floor and heels slide outward).
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15 minutes of beginning vigorous exercise. This condition
continues for as many as 4 weeks postpartum. As a result,
cardiac reserve is decreased during exercise.

Inferior Vena Cava Compression
Compression of the inferior vena cava by the uterus can occur
after the fourth month of pregnancy, with relative obstruction
of venous return. This leads to decreased cardiac output and
orthostatic hypotension. It occurs most often in supine or
static standing positions, and therefore prolonged time in
these positions should be avoided.4

Energy Needs
Hypoglycemia occurs more readily during pregnancy;
therefore, adequate carbohydrate intake is important for
the pregnant woman who exercises.31 A caloric intake of an
additional 500 calories per day is suggested to support the
energy needs of pregnancy and exercise, dependent on the
intensity and duration of the exercise. In comparison, a
sedentary pregnant woman requires a 300 calorie per day
increase.6

Core Temperature
Vigorous physical activity and dehydration through perspi-
ration lead to increased core temperature in anyone who 
exercises. Concern has been expressed over this occurring in
the pregnant woman because of the relationship of elevated
core temperature to neural tube defects of the fetus. Studies
report that during pregnancy the core temperature of physi-
cally fit women actually decreases during exercise. These
women appeared to be more efficient in regulating their core
temperature, and thus the thermal stress on the embryo and
fetus is reduced.31,35

Uterine Contractions
Norepinephrine and epinephrine levels increase with exer-
cise. Norepinephrine increases the strength and frequency
of uterine contractions. This may pose a problem for the
woman at risk of premature labor, although the association
is small.4

Responses of Healthy Women
Regular physical activity is beneficial for most pregnant
women in terms of both physical and psychological well-
ness, and it also aids in weight management. Moderate-
intensity aerobic activities are generally recommended in
healthy pregnancy and the postpartum period for at least
150 min/wk.4 Additionally, studies have shown that healthy
women who continue to run throughout pregnancy deliver
an average of 5 to 7 days sooner compared with con-
trols.33,34 Clapp33-35 found that exercise, including weight
bearing (even with ballistic motions such as during aerobic
dancing), can be performed in midpregnancy and late preg-
nancy without risk of preterm labor or premature rupture
of the membranes. Women who wish to continue strenuous

or competitive exercise or participate in specific athletic
training require close supervision by a specialist during
pregnancy.4,117

Fetal Response to Maternal Aerobic
Exercise
No human research has conclusively proven a detrimental fetal
response to mild- or moderate-intensity maternal exercise. 
Recent studies suggest that even vigorous exercise does not 
have the detrimental effects on the fetus that once were feared,
and therefore restrictions on exercise because of concerns 
for the effects on the embryo and fetus have been lessened. 
In fact, fit women who maintained their volume of exercise
after 20 weeks’ gestation delivered babies with lower fat mass
than those who decreased exercise intensity midway through
the pregnancy.33-35 Given the epidemic of obesity in the
United States, the need for future research to define further
the connections between fetal nutrition and adult disease is
imperative.36

Blood Flow
A 50% or greater reduction of uterine blood flow is necessary
before fetal well-being is affected (based on animal research).
No studies have documented such decreases in pregnant
women who exercise, even vigorously. It is suggested that the
cardiovascular adaptations in exercising women offset any 
redistribution of blood to muscles during exercise.33

Fetal Heart Rate
Brief submaximal maternal exercise (as much as 70% maternal
aerobic power) does not adversely affect fetal heart rate
(FHR).4 The FHR usually increases 10 to 30 beats/minute at
the onset of maternal exercise. After mild to moderate mater-
nal exercise, the FHR usually returns to normal levels within
15 minutes, but in some cases of strenuous maternal exercise,
the FHR may remain elevated as long as 30 min. Fetal brady-
cardia (indicating fetal asphyxia) during maternal exercise has
been reported in the literature with the return to pre-exercise
FHR levels within 3 minutes after maternal exercise, followed
by a brief period of fetal tachycardia.50 The healthy fetus 
appears to be able to tolerate brief episodes of asphyxia with
no detrimental results.

Heat Dissipation
The fetus has no mechanism such as perspiration or respira-
tion by which to dissipate heat. However, physically fit women
are able to dissipate heat and regulate their core temperature
more efficiently, thus reducing risk.33

Newborn Status
Newborn children of women who continue endurance exer-
cises into the third trimester of pregnancy are reported to
have an average decrease in birth weight of 310 g. There is no
change in head circumference or heel-crown length. Further
study of these children (as old as 5 years of age) has shown
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slightly better neurodevelopmental status in addition to
higher percentage of lean body mass.35

Recommendations for Aerobic
Training 
NOTE: These recommendations are for pregnant women with
no maternal or fetal risk factors.* 

■  It is strongly recommended that all women participate in
mild to moderate exercise, for both strength and cardiopul-
monary benefits, for at least 15- to 30-minutes most days
of the week. Individualized programs based on prepreg-
nancy fitness levels are preferable.4,117

■  Currently, there are no data in humans suggesting that
pregnant women need to decrease their intensity of exercise
or lower their target heart rates, but because of decreased
oxygen supply, it is advisable to modify exercise intensity
according to their tolerance.
■ Conventional (age-based) target heart rate zones may be

too aggressive for the average pregnant patient.
■ Use of the Borg scale of perceived exertion (Box 25.4) 

is more appropriate in this population, with exertion 
between 12 and 14 suggested during uncomplicated
pregnancy.4,21,117

■ When fatigued, a woman should stop exercising, and she
should never exercise to exhaustion.

■  Activities to avoid include contact sports, anything with a
high risk of abdominal trauma or falling, “hot” yoga or
“hot” Pilates, high-altitude activities (greater than 6,000 ft),
and scuba diving. The fetus is at increased risk of decom-
pression sickness during scuba diving.4, 117

■  Nonweight-bearing aerobic exercises, such as stationary 
cycling, swimming, or water aerobics, will minimize the
risk of injury throughout pregnancy and the postpartum
period.

■  If the woman cannot safely maintain balance because of
the shifting and increasing weight, have her modify exer-
cises that could result in falling and injuring herself or 
the fetus. An example would be the need to modify or
eliminate racquet sports as pregnancy progresses.4

■  Adequate caloric intake for nutrition, adequate fluid in-
take, and appropriate clothing for heat dissipation are
critical.

■  Resumption of prepregnancy exercise routines during 
the postpartum period should be gradual. However, initi-
ation of pelvic floor exercises immediately postpartum
may reduce or possibly prevent symptoms and duration of 
incontinence.4,86-88

■  Physiological and morphological changes of pregnancy
continue for a minimum of 4 to 6 weeks postpartum—
longer if the woman is breastfeeding. Encourage continued
joint protection.

■  Breastfeeding women can be reassured that moderate 
exercise does not impair quantity or quality of breast milk
or infant growth.
■ Rate of weight loss in the postpartum period is 

variable in women who are lactating; an additional 
500 calories/day are needed to support production of
breast milk.67

■ Water intake continues to be important; 12 or more
glasses per day are recommended.

■ There may be a short-term increase in lactic acid secreted
in breast milk after high-intensity exercise; if the baby 
appears to eat less after an exercise session, this can easily
be remedied by nursing before exercise. In addition, feed-
ing the baby prior to exercise will reduce discomfort from
any breast engorgement.4,67,117

ABSOLUTE CONTRAINDICATIONS TO AEROBIC EXER-
CISE DURING PREGNANCY:

■  Hemodynamically significant heart disease
■  Restrictive lung disease
■  Incompetent cervix: early dilation of the cervix before full

term, or cerclage
■  Vaginal bleeding, especially second or third trimester
■  Placenta previa after 26 weeks gestation: placenta is located

on the uterus in a position in which it may detach before
the baby is delivered

■  Multiple gestation with risk of premature labor4,67,94

■  Preeclampsia or pregnancy-induced hypertension
■  Rupture of membranes: loss of amniotic fluid before the

onset of labor
■  Premature labor: labor beginning before the 37th week of

pregnancy
■  Maternal type 1 diabetes
■  Severe anemia

NOTE: See also precautions and relative contraindications to
exercise in general in the following section.*4,7,8,21,33-36,44,51,67,70,87,88,93,103,108,114,117,120,125

BOX 25.4 Borg Rating Scale for Perceived
Exertion (RPE)21

6—Very, very light
7
8
9—Very light
10
11—Fairly light
12
13—Moderately hard
14
15—Hard
16
17—Very hard
18
19—Very, very hard
20—Exhaustion
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Exercise for the
Uncomplicated Pregnancy
and Postpartum

Exercise classes during pregnancy and after childbirth are 
designed to minimize impairments and help the woman
maintain or regain function while she is preparing for the 
arrival of the baby and then caring for the infant.* The poten-
tial structural and functional impairments and the manage-
ment guidelines related to uncomplicated pregnancies are
summarized in Box 25.5, and a suggested sequence for teach-
ing an exercise class is listed in Box 25.6.7,8,120,125

Guidelines and techniques for exercise class instruction
are included in this section.4,7,8,67,93, 117,120,125 In addition,
interventions for women receiving individualized care for
specific impairments are noted throughout this section. 
Interventions for special situations such as cesarean child-
birth and high-risk pregnancy are described in the follow-
ing sections.

Guidelines for Managing the Pregnant
Woman
Suggest that your patients discuss with their physicians any
guidelines or restrictions to exercise before engaging in an 
exercise program, either in a class or on a one-to-one basis.
As always, follow your state practice act for physical therapy
regarding referral, evaluation, and treatment.*4,7,8,44,51,52,67,70,87,88,92,93,100,103,104,108,114,117,120,121,125 

BOX 25.5 MANAGEMENT GUIDELINES—
Pregnancy and Postpartum

Potential Impairments of Structure and Function
Musculoskeletal pain and muscle imbalances from faulty postures

Poor body mechanics related to lack of knowledge, changing body size, and physical demands of child care

Lower extremity edema and discomfort from altered circulation and varicose veins

Pelvic floor impairments, including:
■ Urinary or fecal incontinence
■ Organ prolapse
■ Overactivity
■ Poor episiotomy healing
■ Poor proprioceptive awareness and disuse atrophy
■ Pain throughout the pelvic girdle/trunk

Abdominal muscle stretch, trauma, and diastasis recti

Potential decrease in cardiovascular fitness

Lack of knowledge of body changes and safe exercises to use during and after pregnancy

Changing body image

Lack of physical preparation (strength, endurance, relaxation) necessary for labor and delivery

Lack of knowledge of appropriate positioning for optimal comfort in labor and delivery

Lack of adequate postpartum rehabilitation

Anxiety regarding childbirth due to history of abuse

Plan of Care Interventions

1. Develop awareness and control of posture during 
and after pregnancy.

2. Learn safe body mechanics.

3. Develop upper extremity strength for the demands 
of infant care.

1. Stretch, train, and strengthen postural muscles.
   Posture awareness.

2. Body mechanics in sitting, standing, lifting, and lying,
as well as transitions from one position to another.

   Body mechanics with baby equipment and childcare
activities. 

   Position options for labor and delivery.

3. Resistive exercises to appropriate muscles.
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BOX 25.5 MANAGEMENT GUIDELINES—
Pregnancy and Postpartum—cont’d

Plan of Care Interventions

  4. Promote increased body awareness and a positive 
body image.

  5. Prepare the lower extremities for the demands of 
increased weight bearing and circulatory compromise.

  6. Develop awareness and control of the pelvic floor 
musculature.

  7. Maintain abdominal function and prevent or correct 
diastasis recti.

  8. Promote or maintain safe cardiovascular fitness.

  9. Teach about the changes of pregnancy and birth.

10. Develop relaxation skills.

11. Prevent impairments associated with pregnancy.

12. Prepare physically for labor, delivery, and postpartum 
activities.

13. Provide education on safe postpartum exercise 
progression.

14. Develop awareness of treatment options for pelvic 
floor dysfunction.

  4. Body awareness and proprioception activities.
     Reinforce posture.

  5. Elastic support stockings.
     Safe stretching exercises. 
     Toning and resistive exercises to appropriate 

muscles.

  6. Isolate pelvic floor muscle contraction and 
relaxation.

     Muscle control and integration with ADLs.

  7. Monitor diastasis recti. 
     Diastasis recti exercises.
     Safe abdominal-strengthening exercises with

diastasis recti protection/correction.

  8. Safe progression of aerobic exercises.

  9. Patient/family instruction.
     Refer to other disciplines as indicated.

10. Relaxation and breathing techniques

11. Education about potential problems of pregnancy,
prevention techniques, and appropriate exercises.

12. Strengthen muscles needed in labor and delivery, 
and train responses.

     Comfort measures and relaxation techniques 
for labor and delivery.

13. Postpartum exercise instruction.

14. Comprehensive approach for prolapse, incontinence,
or overactivity.

BOX 25.6 Suggested Sequence for Exercises Classes

1. General rhythmic activities to “warm-up”
2. Gentle selective stretching for postural alignment and for

perineum and adductor flexibility
3. Aerobic activity for cardiovascular conditioning

(duration/intensity may need to be individualized)
4. Postural exercises; upper/lower extremity strengthening and

individualized abdominal exercises
5. Cool-down activities
6. Pelvic floor exercises

7. Relaxation techniques
8. Labor and delivery techniques/positions
9. Educational information

10. Postpartum exercise instruction (e.g., when to begin
exercises, how to safely progress, precautions) because
the patient may not be attending a postpartum class.
Include education regarding body mechanics relative to
childcare.
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Examination. Individually examine each woman before
participation to screen for preexisting musculoskeletal prob-
lems, posture, and fitness level.

Education. Educate your patients that increased uterine
cramping may occur with moderate activity; this is acceptable
as long as the cramping stops when the activity is completed.
Teach your patient all exercise guidelines and precautions so
that exercises may be carried out safely at home. Include the
following:

■  Do not exceed 5 minutes of supine positioning at any one
time after the first trimester of pregnancy to avoid vena
cava compression by the uterus. Educate your patients that
compression of the vena cava also occurs with motionless
standing. For supine exercise, place a small wedge or rolled
towel under the right hip to lessen the effects of uterine
compression on abdominal vessels and to improve cardiac
output. The wedge turns the patient slightly toward the left
(Fig. 25.10).8 This modification is also helpful during phys-
ical therapy evaluation and treatment when the patient is
positioned supine. 

Stretching/flexibility. Choose stretching exercises that are
specific to a single muscle or muscle group; do not involve
several groups at once. Asymmetrical stretching or stretching
multiple muscle groups can promote joint instability.

■  Avoid ballistic movements.
■  Do not allow any joint to be taken beyond its normal 

physiological range.
■  Use caution with hamstring and adductor stretches. Over-

stretching of these muscle groups can increase pelvic insta-
bility or hypermobility.

CLINICAL TIP
Consider use of muscle energy techniques using light resist-
ance for a client with pelvic instability and one whose pelvic
boney landmarks are out of alignment. (See Chapter 15 for
description of techniques.)

Muscle performance and aerobic fitness. In addition to
pelvic floor training and aerobic exercising that have already
been presented in this chapter, specific areas to emphasize and
selected exercise techniques for the woman during pregnancy
and to prepare for labor and delivery are described in the 
following sections.

 FOCUS ON EVIDENCE
The CPGs from the Section on Women’s Health and the
Orthopaedic Sections of the American Physical Therapy
Association recommend the use of exercise in the antepar-
tum population with pelvic girdle pain. The guidelines 
also recommend exercise for pelvic girdle and low back
pain but are not conclusive as to type due to conflicting
evidence in varied populations and variety of exercise 
interventions.37

Precautions and Contraindications 
to Exercise during Pregnancy
There are some circumstances in which exercise is con-
traindicated or requires very specific restrictions and pre-
cautions.4,6,7,24,37,52,54,30,67,93,94,103,114,117,120,125 Discussion of
interventions for patients with high-risk pregnancy are 
described later in this chapter.

PRECAUTIONS: Observe participants closely for signs of
overexertion or complications. The following signs are reasons
to discontinue exercise and contact a physician.4,117

■  Vaginal bleeding
■  Persistent pain, especially in the chest, pelvic girdle, or 

low back
■  Leakage of amniotic fluid

FIGURE 25.10 To prevent inferior vena cava compression when 
the patient is lying supine, a folded towel can be placed under the
right side of the pelvis so the patient is tipped slightly to the left.

■  To avoid the effects of orthostatic hypotension, instruct the
woman to always rise slowly when moving from lying
down or sitting to standing positions.

■   Discourage breath holding and avoid activities that tend to
elicit Valsalva’s maneuver because this may lead to undesirable
downward forces on the uterus and pelvic floor. In addition,
breath holding causes stress to the cardiovascular system in
terms of cardiac output, blood pressure, and heart rate.

■  Break frequently for fluid replenishment. The risk of dehy-
dration during exercise is increased in pregnancy. Avoid 
exercising in high temperature or humidity. Increase water
intake in proportion to time spent exercising and as envi-
ronmental temperature increases.

■  Encourage complete bladder emptying before exercise. A
full bladder places increased stress on an already vulnerable
pelvic floor.

■  Include appropriate warm-up and cool-down activities.
■  Modify or discontinue any exercise that causes pain.
■  Limit activities in which single-leg weight bearing is re-

quired, such as standing leg kicks. In addition to possible
loss of balance, these activities can promote sacroiliac or
pubic symphysis discomfort.
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■  Regular painful uterine contractions that persist beyond
the exercise session

■  Decreased fetal movements
■  Persistent shortness of breath, especially before exertion
■  Irregular heartbeat
■  Tachycardia
■  Headache
■  Dizziness/faintness
■  Swelling/pain in the calf (rule out phlebitis)
■  Difficulty in walking or maintaining balance 

CLINICAL TIP
Keep in mind when developing intervention programs,
whether providing advice to a class or providing individual
therapy, that most physical agents are contraindicated in preg-
nancy. Superficial heat or ice may be beneficial to relieve
pain/spasm and improve circulation.

■  Electric stimulation may be added postpartum to modulate
pain and to stimulate muscle contractions, respectively.

■  Ultrasound may be helpful in cases of poor episiotomy
healing and persistent painful scar tissue, including reports
of dyspareunia.65

RELATIVE CONTRAINDICATIONS: The woman with one or
more of the following conditions may participate in an exercise
program under close observation by a physician and a therapist
as long as no further complications arise.4,6,8,24,67,93 Exercises
often require modification.4,117 Discuss with referring practitioner.

■ Poorly controlled type 1 diabetes, hypertension, seizure 
disorder or hyperthyroidism

■ History of extremely sedentary lifestyle
■ Musculoskeletal complaints and/or pain presenting with 

orthopedic limitations
■ Overheating
■ Extreme morbid obesity or extreme underweight (BMI

below 12) or eating disorder
■ Diastasis recti
■ Heavy smoker
■ Unevaluated maternal cardiac arrhythmia
■ Chronic bronchitis
■ Intrauterine growth retardation in current pregnancy

NOTE: Refer to the absolute contraindications to aerobic 
exercise identified in the aerobic section.

Critical Areas of Emphasis and
Selected Exercise Techniques
Pelvic Floor Exercises
Pelvic floor exercises were described earlier in this section
since they are useful for treating multiple conditions. It is
worth emphasizing here the importance of including pelvic
floor exercises when managing the pregnant woman.

Posture Exercises
The growing fetus places added stress on postural muscles as
the center of gravity shifts forward and upward and the spine
shifts to compensate and maintain stability. In addition, after
delivery, activities involving holding and caring for the baby
stress postural muscles. Muscles that require emphasis are
listed in Box 25.7 with reference to respective chapters where
the exercises are described. Adaptations of specific exercises
for the pregnant woman are described in this section.

Use caution when implementing flexibility and stretching
exercises. Remember that connective tissues and supporting
joint structures are more vulnerable during pregnancy and
the immediate postpartum period because of hormonal
changes. Resistance exercises are performed at a low intensity.

Corrective Exercises for Diastasis Recti
Always check for diastasis recti before initiating abdominal
exercises. Use only the corrective exercises (head lift or head
lift with pelvic tilt) until the separation is 2 cm (two finger
widths) or less.93

Head Lift
Patient position and procedure: Hook-lying with hands
crossed over midline at the level of the diastasis for support.
Have the client exhale and lift only the head off the floor while
at the same time, using her hands to gently approximate the
rectus muscles toward midline (Fig. 25.11), then lower the
head slowly and relax. This exercise emphasizes the rectus 
abdominis muscle and minimizes the obliques. If a client
cannot successfully reach across her abdomen, use a sheet

BOX 25.7 Selected Stretching and Resistance
Exercises During Pregnancy

Stretching (With Caution)
■ Upper neck extensors and scalenes (Chapter 16)
■ Scapular protractors, shoulder internal rotators, and levator

scapulae (Chapter 17)
■ Low back extensors (Chapter 16)
■ Hip flexors, adductors, and hamstrings (Chapter 20)

CAUTION: women with pelvic instabilities should not
overstretch these muscles

■ Ankle plantarflexors (Chapter 22)

Strengthening (Low Intensity With Modifications
Described in This Chapter)
■ Upper neck flexors and lower neck and upper thoracic

extensors (Chapter 16)
■ Scapular retractors and depressors (Chapter 17)
■ Shoulder external rotators (Chapter 17)
■ Trunk stabilizers with precautions if diastasis recti present

(Chapter 16)
■ Hip extensors (Chapter 20)
■ Knee extensors (Chapter 21)
■ Ankle dorsiflexors (Chapter 22)
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wrapped around the trunk at the level of the separation to
provide support and approximation.93

Head Lift With Pelvic Tilt

Patient position and procedure: Hook-lying. The arms are
crossed over the diastasis for support as described in the “head
lift” exercise. Have the patient slowly lift only the head off the
floor while approximating the rectus muscles and performing
a posterior pelvic tilt, then slowly lower the head and relax.
Perform all abdominal contractions with an exhalation to
minimize intra-abdominal pressure.

Stabilization Exercises
Exercises for activating the abdominal and low back muscles
and developing control of their stabilizing function in 
the lumbar spine and pelvis are described in Chapter 16 (see
Table 16.4 and Figs. 16.47 and 16.48 [Level 3 A–C]; see also
Table 16.5 and Fig. 16.49 A–D). Initiate and progress the 
exercises at the intensity that the woman is able to safely con-
trol. Emphasize slow, controlled breathing while developing
the stabilizing function of the muscles. As pregnancy pro-
gresses, the abdominals will undergo extreme overstretching,
and the pelvic floor complex will be progressively challenged
by increased weight. These biomechanical changes make it
even more challenging to teach pelvic floor activation in preg-
nancy without confirmation of internal assessment. As a 
result, core exercise prescription in particular must be adapted
to meet the needs of each individual, and periodic reassess-
ment must be done (approximately every 4 weeks during
pregnancy).

PRECAUTIONS:
■ Because the trunk muscles are contracting isometrically in

many of the stabilization exercises, there is a tendency to hold
the breath; this is detrimental to the blood pressure and heart
rate. Caution the woman to maintain a relaxed breathing pat-
tern and exhale during the exertion phase of each exercise.

■ If diastasis recti is present, adapt the stabilization exercises
to protect the linea alba as described in the Corrective Exer-
cises for Diastasis Recti section. Any progression of postpar-
tum abdominal strengthening exercises should be postponed
until the diastasis has been corrected to two finger widths
or less.

■ Keep in mind the 5-minute time limit for supine positioning
when prescribing abdominal exercises after 13 weeks’ 
gestation.

 FOCUS ON EVIDENCE
An evidence based review of studies dealing with low-back
pain and pelvic girdle pain reported statistical significance for
the relief of pain and improved function during advancing
pregnancy utilizing stability ball exercises and progressive core
stabilization exercises.12

Dynamic Trunk Exercises

Pelvic Motion Training
These exercises are helpful in cases of posture-related back
pain; they are beneficial for improving proprioceptive aware-
ness, as well as lumbar, pelvic, and hip mobility.

Pelvic tilt exercises. Begin in quadruped (on hands and
knees). Instruct the patient to perform a posterior pelvic tilt.
While the patient keeps her back straight, have her isometri-
cally tighten (imagine drawing in) the lower abdominals and
hold, then release and perform an anterior tilt through very
small range.

■  For additional exercise, while holding the abdominals in
and the back straight, have the woman laterally flex the
trunk to the right (side-bend to the right), looking at the
right hip, then reverse to the left.

■  Have the woman practice pelvic tilt exercises in a variety
of positions, including side-lying and standing.

Pelvic clock.44 With the woman hook-lying, ask her to visu-
alize the face of a clock on her lower abdomen. The umbilicus
is 12 o’clock and the pubic symphysis is 6 o’clock. The patient’s
legs may move slightly while performing this exercise.

■  Have her begin with gentle movements back and forth 
between 12 and 6 o’clock (the basic pelvic tilt exercise).

■  Then ask her to move back and forth between 3 o’clock
(weight shifted to left hip) and 9 o’clock (weight shifted to
the right hip).

■  Then move slowly and smoothly (in a clockwise manner)
from 12 to 3 to 6 to 9 and then back to 12 o’clock. With
repetition, the movement can become somewhat faster.

Eventually, these will become automatic, rhythmical move-
ments and will not require such concentration on each num-
ber of the clock. Continue relaxed breathing throughout the
exercise, and do not force any part of the movement. If the
patient has difficulty with the motion, make the clock
“smaller” until coordination improves.

Pelvic clock progressions. Use the visual imagery of cutting
the face of the clock in half so that there is a right side and a
left side or a top half and a bottom half. Have the woman
move her pelvis through the arc on the one side and back
through the middle of the clock, and then move the pelvis

FIGURE 25.11 Corrective exercise for diastasis recti. The patient
gently approximates the rectus muscle toward the midline by pulling
with the crossed arms.
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through the opposite side and back through the middle. Ini-
tially, the woman may notice asymmetry when comparing the
halves; this will improve with time.

■  Once the patient understands and is able to perform the
clockwise pattern, have her do counterclockwise motions
with all of the activities mentioned previously, and then
progress the exercises to the sitting position.

Trunk Curls
■  Curl-ups and curl-downs are classic abdominal exercises

but should not be used during pregnancy. If a woman
chooses to continue with trunk curls, they should only be
used in the early stages of pregnancy if tolerated and if no
diastasis recti is present. Have a pregnant patient protect 
the linea alba with crossed hands (see Fig. 25.11) while per-
forming trunk curls.

■  This precaution should also be followed when performing
diagonal curls (carried out to emphasize the oblique mus-
cles). Have the woman lift one shoulder toward the outside
of the opposite knee as she curls up and down while pro-
tecting the linea alba with crossed hands.

Modified Upper and Lower Extremity
Strengthening
As the abdomen enlarges, it becomes impossible to comfort-
ably assume the prone position. Exercises that are usually 
performed in the prone position must be modified.

Standing Push-Ups
Patient position and procedure: Standing, facing a wall,
feet pointing straight forward, shoulder width apart, and 
approximately an arm-length away from the wall. The palms
are placed on the wall at shoulder height. Have the woman
slowly bend the elbows, bringing her upper body close to the
wall, maintaining a stable trunk and pelvic position, and
keeping the heels on the floor. Her elbows should be shoulder
height. She then slowly pushes with her arms, bringing the
body back to the original position.

Supine Bridging
Patient position and procedure: Supine in the hook-lying
position. Have the woman perform a posterior pelvic tilt
and then lift her pelvis off the floor. She can do repetitive
bridges or hold the bridge position and alternately flex and
extend her upper extremities to emphasize the stabilization
function of the hip extensors and trunk musculature (see
Fig. 20.28).

Quadruped Hip Extension 
Patient position and procedure: On hands and knees
(hands may be in fists or palms may be open and flat). In-
struct the woman to first perform a posterior pelvic tilt and
then slowly lift one leg, extending the hip to a level no higher
than the pelvis while maintaining the posterior pelvic tilt
(Fig. 25.12). She then slowly lowers the leg and repeats with
the opposite side. The knee may remain flexed or extended
during the exercise. Monitor this exercise, and discontinue if
there is stress on the sacroiliac joints or ligaments. If the

woman cannot stabilize the pelvis while lifting the leg, have
her just slide one leg posteriorly along the floor and return
(see Fig. 16.50 A).

Modified Squatting
Wall slides and supported squatting exercises are used to
strengthen the hip and knee extensors for good body mechan-
ics and to help stretch the perineal area for flexibility during
the delivery process. In addition, if the woman wishes to use
squatting for labor and delivery, the muscles must be
strengthened and endurance trained in advance.

■  Patient position and procedure: Standing with back
against a wall and her feet shoulder width apart. Have the
woman slide her back down the wall as her hips and
knees flex only as far as is comfortable, then slide back
up (see Fig. 20.29).

■  Patient position and procedure: Standing with feet shoulder
width apart or wider, facing a counter, chair, or wall on
which the woman can rest her hands and/or forearms for
support. Have the woman slowly squat as far as is comfort-
able, keeping knees apart and over the feet and keeping the
back straight. To protect her feet, she should wear shoes
with good arch support. A woman with knee problems
should perform only partial range of the squat. For optimal
success with squatting during stage 2 of labor (pushing),
increase the duration of the squat gradually to 60 to 90 sec-
onds as tolerated.

Scapular Retraction
When scapular retraction exercises become difficult in the
prone position, the woman should continue strengthening in
the sitting or standing position (see Figs. 17.46 and 17.47.)

A

B
FIGURE 25.12 All-fours leg-raising. (A) Patient assumes quadruped
position with posterior pelvic tilt. (B) Leg is raised only until it is in
line with the trunk.
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Perineum and Adductor Flexibility
In addition to modified squatting previously described, these
flexibility exercises prepare the legs and pelvis for child-
birth.7,93,120 Discontinue if any irritation or pain occurs at the
pubic symphysis. 

Self-Stretching
■  Patient position and procedure: Supine or side-lying. In-

struct the woman to abduct the hips and pull the knees 
toward the sides of her chest and hold the position for as
long as is comfortable (at least to the count of 10).

■  Patient position and procedure: Sitting on a short stool
with the hips abducted as far as comfortable and feet flat
on the floor. Have her flex forward slightly at the hips
(keeping the lumbar spine in neutral), or have her gently
press her knees outward with her hands for an additional
stretch.

Relaxation and Breathing Exercises
for Use During Labor
Developing the ability to relax requires awareness of stress
and muscle tension. Techniques of conscious relaxation allow
the individual to manage and respond to a variety of imposed
stresses by being mentally alert to the task at hand while 
relaxing tense muscles that are superfluous to the activity (see
Chapter 4). This is particularly important during labor and
delivery when there are times that the woman should relax
and allow the physiologic processes to occur without excessive
tension in unrelated muscles.93 Additional relaxation tech-
niques for managing stress are described in Chapter 14. The
following guidelines are most effective for the pregnant
woman if consistently practiced in preparation for labor and
delivery.

Visual Imagery
Use instrumental music and verbal guidance. Instruct the
woman to concentrate on a relaxing image such as the beach,
mountains, or a favorite vacation spot. Suggest that she focus
on the same image throughout the pregnancy so that the
image can be called up to the conscious level when recogniz-
ing the need to relax during labor. These techniques have been
found to be helpful in various pain conditions as well as for
anxiety.89

Muscle Setting
■  Have the woman lie in a comfortable position.
■  Have her begin with the lower body. Instruct her to gently

contract and then relax first the muscles in the feet, then
legs, thighs, pelvic floor, and buttocks.

■  Next, progress to the upper extremities and trunk, then to
the neck and facial muscles.

■  Reinforce the importance of remaining awake and aware
of the contrasting sensations of the muscles. Emphasize
“softening” of the muscles as the session continues.

■  Add deep, slow, relaxed breathing to the routine.

Selective Tension
Progress the training by emphasizing awareness of muscles
contracting in one part of the body while remaining relaxed
in other parts. For example, while she is tensing the fist and
upper extremity, the feet and legs should be limp. Reinforce
the comparison between the two sensations and the ability 
to control both tension and relaxation.

CLINICAL TIP
While practicing selective tension, have your client work with
a partner who gently shakes the extremity that is “relaxed” to
make sure there is no tension in it.

Breathing
■  Slow, deep breathing (with relaxation of the upper thorax)

is the most efficient method for exchange of air to use with
relaxation techniques and for controlled breathing during
labor.

■  Teach the woman to relax the abdomen during inspiration
so that it feels as though the abdominal cavity is “filling up”
and the ribs are expanding laterally. During exhalation, 
the abdominal cavity becomes smaller; active contraction
of the abdominal muscles is not necessary with relaxed
breathing.

■  To prevent hyperventilation, emphasize a slow rate of
breathing. Caution the woman to decrease the intensity of
the breathing if she experiences dizziness or feels tingling
in the lips and fingers.

Relaxation and Breathing During Labor

First Stage
As labor progresses, the contractions of the uterus become
stronger, longer, and closer together. Relaxation during the
contractions becomes more difficult. Provide the woman with
suggested techniques to assist in relaxation.93

■  Ensure the woman has emotional support from the father,
family member, or special friend to provide encouragement
and assist with overall comfort.

■  Seek comfortable positions including walking, hands and
knees, lying on pillows, or lying or sitting on a Swiss ball
(Fig. 25.13); include gentle repeated rhythmical motions
such as pelvic rocking.

■  Breathe slowly with each contraction; use visual imagery,
such as muscles softening like butter, and attempt to relax.
Some women find it helpful to focus their attention on a
specific visual object. Other suggestions include singing,
talking, or moaning during each contraction to prevent
breath holding and encourage slow breathing.

■  During transition (near the end of the first stage), there 
is often an urge to push. Teach the woman to use quick
blowing techniques, using the cheeks, not the abdominal
muscles, to overcome the desire to push until the appro-
priate time.

5850_Ch25_982-1018  18/08/17  9:20 AM  Page 1008



CHAPTER 25 Women’s Health: Obstetrics and Pelvic Floor 1009

■  Massage or apply pressure to any areas of pain or discom-
fort, such as the low back. Using the hands may help distract
the focus from the contractions.

■  Apply heat or cold for local symptoms; wipe the face with
a wet washcloth.

Second Stage
Once dilation of the cervix has occurred, the woman may
become more active in the birth process by assisting in push-
ing the baby down the birth canal.93 Teach her the following
techniques:

■  While bearing down, take in a breath, contract the abdom-
inal wall, and slowly breathe out. This will cause increased
pressure within the abdomen along with relaxation of the
pelvic floor.

PRECAUTION: Tell the woman that if she holds her breath,
there will be increased tension and resistance in the pelvic floor.
In addition, exertion with a closed glottis, known as Valsalva’s
maneuver, has adverse effects on the cardiovascular system.

■  For maximum efficiency, maintain relaxation in the ex-
tremities, especially the legs and perineum. Keeping the
face and jaw relaxed assists with this.

■  Between contractions, perform total body relaxation.
■  As the baby is delivered, just “let go,” and breathe with light

pants or groans to relax the pelvic floor as it stretches.

Unsafe Postures and Exercises During
Pregnancy
Bilateral straight-leg raising. This exercise typically places
more stress on the abdominal muscles and low back than they
can tolerate. It can cause back injury or diastasis recti and
therefore should not be attempted.

“Fire hydrant” exercise. This exercise is performed on
hands and knees, and one hip is abducted and externally 
rotated at a time (the “image” of a dog at a fire hydrant). If
the leg is elevated too high, the sacroiliac joint and lumbar
vertebrae can be stressed. It should be avoided by any woman
who has preexisting sacroiliac joint symptoms or women in
whom symptoms develop.

All-fours (quadruped) hip extension. This exercise can be
performed safely only as explained earlier in this chapter (see
Fig. 25.12). It becomes unsafe and can cause low back pain
when the leg is elevated beyond the physiologic range of hip
extension, causing the pelvis to tilt anteriorly and the lumbar
spine to hyperextend.

Unilateral weight-bearing activities. Weight bearing on
one leg (which includes slouched standing with the majority
of weight shifted to one leg and the pelvis tilted down on the
opposite side) during pregnancy can cause sacroiliac joint 
irritation and should be avoided by women with preexisting
sacroiliac joint symptoms. Unilateral weight bearing also can
cause balance problems because of the increasing body weight
and shifting of the center of gravity. This posture becomes 
a significant problem postpartum when the woman carries
her growing child on one hip. Any asymmetries become 
accentuated, and painful compensations may develop.

Exercise Critical to the Postpartum
Period
After an uncomplicated vaginal delivery, exercise can be
started as soon as the woman feels able to exercise and has
been cleared by her physician or midwife.4,6, 67,87,88,93,51,108,117

Pelvic floor strengthening. Exercises should be resumed 
as soon after the birth as possible. These exercises increase 
circulation and aid healing of lacerations or episiotomy. 
Combining pelvic floor contractions with feeding or changing
the baby may help them become integrated into the daily 
routine. When treating a postpartum client in the clinic, 
emphasize the life-long need for pelvic floor exercise, espe-
cially when lifting or with significant exertion, to allow the
pelvic floor muscles to provide additional “shock absorption”
and trunk support.

Diastasis recti correction. The testing procedure for dias-
tasis recti was described earlier in this chapter. The mother
should be taught this test and encouraged to perform it on
the third postpartum day. Corrective exercises (see Fig. 25.11)
should continue until the separation is two finger widths or
less. At that time, more vigorous abdominal exercise can be
resumed.

Aerobic and strengthening exercises. As soon as the woman
feels able, resume cardiopulmonary exercise and light resist-
ance training with gradually increasing intensity. It is suggested
that a physical examination, including assessment of pelvic
floor integrity be conducted before the onset of vigorous 
exercise or sport-specific training.

FIGURE 25.13 The use of a stability ball in labor can provide relief
of back pain and the comfort of rhythmical, relaxing movements. The
labor coach can massage the back and/or hip muscles and apply
heat or ice if desired.
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PRECAUTIONS: Because the woman may not be seen for ex-
ercise instruction after the delivery, inform her of the following
precautions:

■ If bleeding increases or turns bright red, exercise should
be postponed. Tell her to rest more and allow a longer 
recovery time.

■ Joint laxity may be present for some time after delivery, 
especially if breastfeeding. Precautions should be taken to
protect the joints as described previously.7,120,125 Adequate
warm-up and cool-down time is important.

Cesarean Childbirth

A cesarean section (C-section) is the delivery of a baby through
an incision in the abdominal wall and uterus rather than
through the pelvis and vagina.3,52, 54,60, 67 General, spinal, or
epidural anesthesia may be used.

Significance to Physical Therapists
Surgical Risks
C-section delivery is now at an all-time high and is the most
commonly performed surgical procedure in the world. In
2013, C-sections in the United States reached a record high
rate of 32.7%.62 This number has fluctuated in the past 3 to 
4 decades, in part depending on the type of hospital and 
the population it served. Since the early 1990s, the American
College of Obstetricians and Gynecologists (ACOG) has 
discouraged repeat C-sections as routine practice, and the
Healthy People 2010 goal was to reduce the primary rate 
to 15%, with a target rate for repeat cesareans at 63%.127 The
Vaginal Birth After Cesarean (VBAC) movement was a factor
in reducing C-sections from 1990 to 1996; however, since
then, the rates have continued to climb. The medical commu-
nity is continuing to discuss the short- and long-term benefits

and harms to both mother and baby of a trial of labor follow-
ing a previous C-section. Pregnant clients will have many
questions regarding this evidence. Al-Zirqi and colleagues2

identified specific risk factors for uterine rupture with a VBAC
and determined that absolute risk was low (5/1,000 births; 
n= 18,794). However, the use of prostaglandin induction 
significantly increased the odds for rupture when compared
to spontaneous labor.

Recently, the perceived “convenience” of a C-section is 
becoming a factor, leading to increases in not only repeat, 
but also elective, C-sections. In reality, there is conflicting 
evidence that cesarean delivery may aid in prevention of 
future pelvic floor dysfunction.9,55,60,116 These risks and 
benefits will continue to be discussed as long-term maternal
and fetal outcomes are detailed in the literature. Because these
statistics continue to fluctuate and more changes will be 
inevitable as our health-care system evolves, physical thera-
pists must stay informed in order to address these issues with
all pregnant patients so each patient will know the risks and
benefits when making their own decision.2,9,54,60,74,83,116,120,123

Interventions
Pelvic floor rehabilitation. Women who have had a cesarean
delivery may still require pelvic floor rehabilitation. Many
women experience a lengthy labor, including prolonged sec-
ond stage (pushing), before a C-section is deemed necessary.
Therefore, the pelvic floor musculature and the pudendal and
levator ani nerves may still be compromised. Also, pregnancy
itself creates significant strain on the pelvic floor musculature
and other soft tissues.

Postsurgical rehabilitation. Postpartum intervention for the
woman who has had a cesarean delivery is similar to that of the
woman who has had a vaginal delivery. However, a C-section
is a major abdominal surgery with all the risks and complica-
tions of such surgeries, and therefore the woman may also 
require general postsurgical rehabilitation.54,60,120 Impairments
and management guidelines are summarized in Box 25.8.

BOX 25.8 MANAGEMENT GUIDELINES—
Postcesarean Section

Potential Impairments of Structure and Function
Risk of pulmonary, gastrointestinal, or vascular complications

Postsurgical pain and discomfort

Development of adhesions at incision site

Faulty posture

Pelvic floor dysfunction
■ Urinary or fecal incontinence
■ Organ prolapse
■ Overactivity
■ Poor proprioceptive awareness and disuse atrophy
■ Pain throughout the pelvic girdle/trunk

Abdominal weakness, diastasis recti

General functional restrictions of post delivery
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BOX 25.8 MANAGEMENT GUIDELINES—
Postcesarean Section—cont’d

Plan of Care                                                                  Interventions

1. Improve pulmonary function and decrease the risk 
of pneumonia

2. Decrease incisional pain with coughing, movement, 
or breastfeeding

3. Prevent postsurgical vascular or gastrointestinal 
complications

4. Enhance incisional circulation and healing; prevent 
adhesion formation.

5. Decrease postsurgical discomfort from flatulence, 
itching, or catheter

6. Correct posture

7. Prevent injury and reduce low back pain

8. Prevent pelvic floor dysfunction

9. Develop abdominal strength

1. Breathing instruction, coughing, and/or huffing

2. Postoperative TENS; support incision with pillow when
coughing or breastfeeding

   Incisional support with pillow or hands with movement
education regarding incisional care and risk of injury

3. Active leg exercises
   Early ambulation
   Teach abdominal massage to stimulate peristalsis63

4. Gentle abdominal exercise with incisional support
   Scar mobilization and friction massage

5. Positioning instruction, massage, and supportive
exercises

6. Posture instruction, particularly regarding childcare

7. Instruction in incisional splinting and positioning for
ADLs

   Body mechanics instruction

8. Pelvic floor exercises
   Education regarding risk factors and types of pelvic

floor dysfunction

9. Abdominal exercise progression, including corrective
exercises for diastasis recti

Emotional support. All childbirth preparation classes do
not adequately educate and prepare couples for the experi-
ence of a cesarean delivery. As a result, the woman with an
unplanned C-section frequently feels as if her body has failed
her, causing her to have more conflicting emotions than a
woman who has experienced a “normal” vaginal delivery.

Suggested Activities for the Patient
Following a Cesarean Section
Exercises
■  Instruct the woman during her pregnancy in all appropri-

ate exercises, with indicated precautions.
■  Instruct the woman to begin preventive exercises as soon

as possible during the recovery period.52,67,93,94

■ Ankle pumping, active lower extremity range of motion
(ROM), and walking are used to promote circulation
and prevent venous stasis.

■ Pelvic floor exercises are used to regain strength, func-
tion, and control of the muscles of the perineum.

■ Deep breathing and coughing or huffing are used to 
prevent pulmonary complications (see instructions that
follow).

■  Progress abdominal exercises slowly. Check for diastasis recti,
and protect the area of the incision to improve comfort. Ini-
tiate nonstressful muscle-setting techniques and progress as
tolerated, based on the degree of separation.52,67,93,94,120

■  Teach posture correction as necessary. Retrain postural
awareness and help realign posture with indicated thera-
peutic exercise. Develop control of the shoulder girdle
muscles as they respond to the increased stress of caring
for the new baby.

■  Reinforce the value of deep diaphragmatic breathing tech-
niques for pulmonary ventilation, especially when exercis-
ing, and relaxed breathing techniques to relieve stress and
promote relaxation.

■  Inform the woman that she should wait at least 6 to 8 weeks
before resuming vigorous exercise. Emphasize the impor-
tance of progressing at a safe and controlled pace and not
expecting to begin at her prepregnancy level.
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Coughing or Huffing
Coughing is difficult following a C-section because of inci-
sional pain. An alternative is huffing.93 A huff is an outward
breath caused by the upper abdominals contracting up and
in against the diaphragm to push air out of the lungs. The 
abdominals are pulled up and in, rather than pushed out, caus-
ing decreased pressure in the abdominal cavity and less strain
on the incision. Huffing must be done quickly to generate suf-
ficient force to expel mucus. Instruct the patient to support
the incision with a pillow or the hands and say “ha” forcefully
and repetitively while contracting the abdominal muscles.

Interventions to Relieve Intestinal Gas Pains
Abdominal massage or kneading. Have the patient lie
supine or on the left side. This is very effective and typically
done with either long or circular strokes. Begin on the right
side at the ascending colon, stroking upward, then stroke
across the transverse colon from right to left and down the
descending colon, then finish with an “S” stroke along the
sigmoid colon. This can also be particularly beneficial in stim-
ulating peristalsis and improving constipation in general.63

Pelvic tilting and/or bridging. These can be done in con-
junction with massage.

Bridge and twist. Have the patient maintain a position of
bridging while twisting her hips to the right and left.

Scar Mobilization
Cross-friction massage should be initiated around the inci-
sion site as soon as sufficient healing has occurred. This will
minimize adhesions that may contribute to postural problems
and back pain.

High-Risk Pregnancy

A high-risk pregnancy is one that is complicated by disease 
or problems that put the mother or fetus at risk for illness 
or death before, during, or after delivery. Conditions may be
preexisting, induced by pregnancy, or caused by an abnormal
physiologic reaction during pregnancy.54,67 The goal of 
medical intervention is to prevent preterm delivery. Histori-
cally bed rest has been used, as well as restriction of activity
and medications when appropriate. Recent guidelines from
ACOG are advising against routine bed rest, however. “Al-
though frequently prescribed, bed rest is only rarely indicated
and, in most cases, allowing ambulation should be consid-
ered. Patients prescribed prolonged bed rest or restricted
physical activity are at risk of venous thromboembolism,
bone demineralization, and deconditioning.”4 Prolonged bed
rest can impact not just the musculoskeletal system, but 
also pulmonary, cardiovascular, and metabolic functions. 
Although these women may initially be seen in the home or
as inpatients, the deconditioning present continues to create
functional restrictions for the postpartum client in terms of
strength and endurance, making this scenario ideal for further

physical therapy intervention. Here again, as with pelvic floor
dysfunction, advanced education for the therapist and spe-
cialized care is required for successful outcomes.7,54,67,103,108,120

High-Risk Conditions
Premature onset of labor. If cervical dilation, effacement,
and/or uterine contractions begin before 37 weeks’ gestation,
this is considered preterm labor. Clearly, the health of the baby
is of primary concern if these signs are present. The mecha-
nism for this condition is still unclear.67

Preterm rupture of membranes. If the amniotic sac breaks
and amniotic fluid is lost before onset of labor, it can be dan-
gerous to the fetus if fetal development is complete. Labor
may begin spontaneously after the membranes rupture. The
chance for fetal infection also increases when the protection
of the amniotic sac is lost. Leakage of amniotic fluid is an 
indication for immediate medical attention.

Incompetent cervix. An incompetent cervix is the painless
dilation of the cervix that occurs in the second trimester (after
16 weeks’ gestation) or early in the third trimester of pregnancy.
Intervention may include cerclage (stitches in the cervix to keep
it closed). If the dilation continues, it may lead to premature
membrane rupture and delivery of a fetus too small to survive.

Placenta previa. The placenta attaches too low on the uterus,
near the cervix. As the cervix dilates, the placenta begins 
to separate from the uterus and may present before the fetus,
thus endangering fetal life. The primary symptom is intermit-
tent, recurrent, or painless bleeding that increases in intensity.

Pregnancy-related hypertension or preeclampsia. Char-
acterized by hypertension, protein in the urine, and severe
fluid retention, preeclampsia can progress to maternal con-
vulsions, coma, and death if it becomes severe (eclampsia). It
usually occurs in the third trimester and disappears after
birth. The cause is not understood.

Multiple gestation. More than one fetus develops. Compli-
cations of multiple gestations include premature onset of
labor and birth, increased incidence of perinatal mortality,
lower-birth-weight infants, and increased incidence of mater-
nal complications (e.g., hypertension).

Diabetes. Diabetes can be present before pregnancy or 
may occur as a result of the physiological stress of pregnancy.
Gestational diabetes mellitus (GDM), which presents or is
first recognized in pregnancy, affects 7% of pregnant women
and usually disappears after pregnancy; however, as many 
as 50% of these women may develop type 2 diabetes within
10 years.30 Inactivity and excessive weight gain in pregnancy
has been found to be an independent risk factor for GDM.4

Unlike many of the previously discussed high-risk condi-
tions, women with gestational diabetes may be appropriate
candidates for more traditional physical therapy interven-
tions.4 Supervised, individualized exercise programs are 
excellent options. Parameters for exercise in pregnancy for
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women with gestational diabetes were published by the
American Diabetes Association in 2006.6 They support 
aerobic exercise with limited duration and at 50% maximum
aerobic capacity; alternatively, the Borg scale may be used
with a range of 11 to 13 rate of perceived exertion (RPE) as
maximal activity level (see Box 25.4). With appropriate
monitoring of fetal/uterine activity, maternal heart rate, and
blood glucose levels, exercise duration of 15 to 30 minutes 
appears to be safe.67 Instruct patients to monitor for any 
postexercise uterine activity; contractions need to be fewer
than one every 15 minutes.6,67

Exercise may actually prevent gestational diabetes in obese
pregnant women.4 In particular, recumbent bicycling or arm
ergometer exercises stabilize and lower glucose levels.103

 FOCUS ON EVIDENCE
In a randomized study of overweight women with gestational
diabetes (n=32), the control group was treated with diet
alone, while the remaining women also participated in circuit
resistance training. The diet-plus-exercise group was able 

to postpone the use of insulin therapy until later in the
pregnancy (p < 0.05) and was also prescribed less insulin
overall (p < 0.05) than the diet-alone group.24A recent sys-
tematic review assessed both prevention and management of
gestational diabetes with inconclusive results, possibly linked
to compliance issues. There is some evidence that physical 
activity in pregnancy contributes to glycemic control and 
reduced use of insulin in these women.107

Management Guidelines and
Precautions for High-Risk
Pregnancies
Establish an individually designed exercise program for each
woman with a high-risk pregnancy based on diagnosis, lim-
itations, physical therapy examination, evaluation, and con-
sultation with the physician. Activities must address patient
needs but should not further complicate the condition.7,120

Management guidelines for the woman who is confined 
to bed because of her high-risk status are summarized in
Box 25.9.

BOX 25.9 MANAGEMENT GUIDELINES—
High-Risk Pregnancy

Potential Impairments of Structure and Function, and Activity Limitations
Primary activity limitations are inability to be out of bed and move about and prolonged static positioning, contributing to the

following impairments:
■ Joint stiffness and muscle aches
■ Muscle weakness and disuse atrophy
■ Vascular complications including risk of thrombosis and decreased uterine blood flow
■ Decreased proprioception in distal body parts
■ Constipation caused by lack of exercise
■ Postural changes
■ Boredom
Emotional stress; patient may be at risk of losing the baby

Guilt from the belief that some activity caused the problem or that the patient did not take good enough care of herself

Anxiety about her home situation, older children, finances, or the impending birth

Plan of Care Interventions

1. Decrease stiffness

2. Maintain muscle length and bulk

3. Maximize circulation; prevent deep-vein thrombosis

4. Improve proprioception

5. Improve posture within available limits

1. Positioning instructions; assess for supports
   Facilitation of joint motion in available range

2. Stretching and strengthening exercises within limits
imposed by the physician

3. Ankle pumping; ROM

4. Movement activities for as many body parts as
possible

5. Posture instruction, modified as necessary based on
allowed activity level

   Bed mobility and transfer techniques if able (avoid
Valsalva’s maneuver)

Continued
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Develop good rapport with the patient and instill trust.
Closely monitor the patient during all activities; re-evaluate
after each treatment, and note any changes. It is also important
to teach the patient self-monitoring techniques so that she will
be alert to adverse reactions and respond appropriately.

■  Prolonged static positioning is a primary concern. The 
position of choice for the high-risk patient is left side-lying,
which is optimal for reducing pressure on the inferior vena
cava and for maximizing cardiac output, thereby enhancing
maternal and fetal circulation.

■  Some exercises, especially abdominal exercises, may 
stimulate uterine contractions. If this occurs, modify or
discontinue them.

■  Monitor and report any uterine contractions, bleeding, or
amniotic fluid loss.

■  Do not allow use of Valsalva’s maneuver. Avoid any activi-
ties that increase intra-abdominal pressure. Body mechan-
ics and postural instruction may stimulate abdominal
contractions, so be sure the patient does not strain and
closely monitor for adverse symptoms.

■  Keep the exercises simple. Have the patient do them slowly,
smoothly, and with minimal exertion.

■  Many high-risk pregnancies result in cesarean deliveries, so
educate the woman about cesarean delivery rehabilitation.

■  Incorporate maximum muscle efficiency into each 
movement.

■  Teach the patient self-monitoring techniques.

Exercise Suggestions With High-Risk
Pregnancies
Exercise suggestions are adaptations of interventions that
have already been described that should be considered for 
the bed-bound patient with a high-risk pregnancy.7,103,120

Exercises to include are summarized in Box 25.10.

Positioning
■  Left side-lying to prevent vena cava compression, enhance

cardiac output, and decrease lower extremity edema
■  Pillows between the knees and under the abdomen when

side-lying
■  Supine positioning for short periods, with a wedge placed

under the right hip to decrease inferior vena cava compres-
sion (see Fig. 25.10)

■  Modified prone positioning (side-lying, partially rolled 
toward prone, with pillow under abdomen) to decrease
low back discomfort and pressure

BOX 25.9 MANAGEMENT GUIDELINES—
High-Risk Pregnancy—cont’d

Plan of Care Interventions

6. Relieve boredom

7. Enhance relaxation

8. Prepare for delivery

9. Enhance postpartum recovery

6. Vary activities and positioning for exercises; encourage
interaction with others on bed rest (http://www.side
lines.org)

7. Relaxation techniques/stress management

8. Childbirth education, breathing training, and exercises
to assist and prepare for labor

9. Exercise instruction and home program for postpartum
period

   Body mechanics instruction, particularly related to
childcare

BOX 25.10 Bed Exercises for High-Risk
Pregnancy

■ Patient supine (with wedge under the right hip),
semireclined, or side-lying

■ Cervical active ROM and chin tucks
■ Backward shoulder circles (scapular retraction); reach to

ceiling (protraction)
■ Unilateral upper extremity diagonal patterns
■ Shoulder, elbow flexion/extension; arm circles in side-lying
■ Forearm pronation/supination; wrist flexion/extension,

hand open/close
■ Pelvic tilts
■ Abdominal exercises (per physician consultation)
■ Pelvic floor exercises (per physician consultation)
■ Quad and gluteal isometric sets
■ Unilateral hip abduction and adduction, internal/external

rotation
■ Unilateral hip and knee flexion/extension in side-lying
■ Ankle pumping, ankle circles, ankle “alphabet”
■ Toe flexion/extension 
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ROM
■  Active ROM of all joints
■  Motions should be slow, nonstressful, and through the full

range if possible
■  Teach in a gravity-neutral position if antigravity ROM is

too much exertion
■  Individualize the number of repetitions and frequency to

the woman’s condition

Ambulation/Standing
Historically, getting out of bed has been contraindicated with
high-risk pregnancies; this will likely continue to evolve in 
varied health-care settings.4 In the past, women would be up-
right only for using the bathroom or to shower. When allowed:

■  Encourage good posture in ambulation
■  Tip-toe or heel walking to emphasize calf muscles
■  Gentle, partial-range squatting to emphasize hip and thigh

muscles

Relaxation Techniques, Bed Mobility, and Transfer
Activities
■  Relaxation as in the uncomplicated pregnancy
■  Moving up, down, and side-to-side in bed
■  Log rolling: incorporate neck and upper and lower extrem-

ities to aid movement
■  Supine-to-sitting: use log-roll technique, assisted by arms

Preparation for Labor
■  Relaxation techniques
■  Substitutions for squatting: supine, sitting, or side-lying,

bringing flexed knees toward chest (hips will have to be 
abducted)

■  Pelvic floor relaxation
■  Breathing exercises: minimize forced abdominal exhalations

Postpartum Exercise Instruction
Instructions are the same as previously described in the 
uncomplicated pregnancy section.

Independent Learning Activities

Critical Thinking and Discussion
1. Describe three normal changes of pregnancy that will 

affect exercise tolerance.
2. Explain the clinical significance of diastasis recti, the 

testing procedure, and the corrective exercise.
3. Differentiate between postural and sacroiliac back pain in

the pregnant patient.
4. Name five risk factors for pelvic floor dysfunction.
5. What exercise guidelines are most helpful for a woman

who has not exercised prior to becoming pregnant?
6. Discuss optimal positioning for an uncomplicated labor

and delivery in terms of biomechanics, gravity, and energy
conservation.

7. Vaginal delivery places great stretch and compression on
which nerves?

Laboratory Practice
1. Practice giving instructions to a lab partner on how to per-

form the following exercises. Observe that they are being
done correctly. Reverse the experience and provide feedback.
■ Diastasis recti exercises
■ Pelvic clock exercises
■ Breathing and relaxation for the different stages of labor

and delivery
2. Practice giving instructions, and get verbal feedback as to

the success of instructions for the pelvic floor awareness
training and strengthening exercises.

3. Observe an exercise class for pregnant women. Critique
the effectiveness and inclusiveness of the instruction.

Case Studies
Case Study 1
Ms. V is a 32-year-old pregnant woman referred with a 
diagnosis of “low back pain” that became severe at 24 weeks’
gestation. She reports (L) lumbar/thoracic, (R) anterior rib/
pectoral, and cervical symptoms, which are worsening as
the pregnancy progresses. Before her pregnancy, she wore a
custom-made bra (32-MM), which is now much too small
and provides inadequate support. Wearing this bra greatly 
increases her cervical and upper trapezius symptoms. Wearing
a sports bra or standing more than 10 to 15 minutes causes
increased low back symptoms. Pain is severely limiting her
daily activities both at home and in the community. She has
difficulty climbing stairs, grocery shopping, doing laundry,
and other household chores. She is wakened at night by pain
and also reports numbness in her lower extremities at night.
She is a single mother of a 6-year-old son. Pertinent medical
history includes a weight gain of 100 lb with her previous
pregnancy, C-section delivery, and removal of fibrocystic
breast tissue three times. She has no systemic medical condi-
tions or medications other than prenatal vitamins. Current
weight: 238 lb, height: 5´4˝.

Clinical Findings
Postural assessment reveals marked forward head/shoulders
with internal rotation at both shoulder joints, significant 
lordosis (cervical and lumbar), recurvatum bilaterally, de-
creased longitudinal arches, and increased base of support
with excessive external rotation (ER) at both hips. All dynamic
movements are pain inhibited: frequent weight shift and
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asymmetrical transitions, antalgic gait pattern with increased
ER of hips. Lumbar extension and (L) cervical rotation most
limited by pain and spasm.

Diastasis recti of 9 cm noted above umbilicus; abdominal
strength 3–/5. Pelvic landmarks difficult to assess due to adi-
pose tissue; leg lengths appear equal. Slight tenderness over
pubic symphysis with palpation.

■ Identify the impairments and functional limitations.
■ Identify goals that deal with impairments and functional

limitations.
■ Develop a treatment plan to meet the goals; identify specific

interventions and parameters, number of times she will be
seen, and any follow-up or referrals that you believe will be
necessary.

Case Study 2
Mrs. W is a 71-year-old woman with an 11-year history of
urinary incontinence and urgency. She experiences frequent,
large-volume accidents, using 8 to 10 large incontinence pads
and 8 panty liners per day for garment protection. Voiding
frequency is 13 to 16 times every 24 hours. She also reports
constipation and straining for evacuation, which improves
with increased fiber intake. Caffeine intake is two servings per
day. Mrs. W is a nonsmoker. She is much less active with social
and community activities as a result of this problem. Urody-
namic testing revealed diminished bladder capacity at 150 cc
and confirmed the diagnosis of detrusor instability.

Pertinent medical history includes nine pregnancies and
seven live births (G9, P7) with one breech presentation. LBP
and “sciatic nerve problems” of long standing were reported

with lumbar fusion done when she was 44 and 48 years of
age. Other surgical history includes rectocele/cystocele repair
when she was 36 and partial hysterectomy when she was 37.
Hypertension and asthma are both well controlled with
medication.

Clinical Findings
Pelvic floor muscle assessment reveals poor sensory awareness,
decreased resting tone, and an MMT of 2/5. Patient able to hold
a contraction 4 seconds and repeat 10 “quick flicks” in 10 sec-
onds. Accessory recruitment of the abdominals noted. Pressure
perineometry confirms muscle weakness with 6.35 cm of water
pressure generated. Levator ani contraction is enhanced with
stretch facilitation to the pelvic floor (R > L).

Abdominal strength is 3/5. Diastasis recti noted above the
umbilicus of 4.5 cm. Diaphragmatic breathing pattern present;
no Valsalva’s with exertion. All dynamic movements of the
trunk are mildly restricted because of lumbar fusion.

The patient underwent physical therapy treatments approx-
imately 18 months ago and is independent with her low back
program. (Because of insurance limitations of 10 visits, the 
patient requested primary attention to pelvic floor dysfunction
and incontinence.)

■ Identify the impairments and functional limitations.
■ Identify goals that deal with the impairments and func-

tional limitations.
■ Design a treatment plan to meet the goals; identify specific

interventions and parameters, number of times she will be
seen, and any follow-up or referrals that you believe will be
necessary.

W E B  R E S O U R C E S

http://www.womenshealthapta.org (Section on Women’s Health, APTA)
http://www.pfdn.rti.org (Pelvic Floor Disorders Network)
http://www.nafc.org (National Association for Continence)
http://www.pelvicpain.org (International Pelvic Pain Society)
http://www.sidelines.org (High-risk pregnancy support)
http://sis.nlm.nih.gov/outreach/whrhome.html (Women’s health resources)
http://www.healthywomen.org
www.ustoo.org (International Prostate Cancer Education & Support)
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Impairments of the lymphatic system can lead to lymphatic
insufficiencies that can result in significant physical impair-
ments and subsequent loss of function of either the upper or
lower extremities. Disturbances in structure or function can
lead to accumulation of lymphatic fluids in the tissue of the
body that affect the physiological health of the tissue, impair
joint mobility, and impact daily functioning. Lymphatic 
dysfunction can be a result of a congenital or hereditary 
abnormality or can be caused by trauma, infection, or treat-
ment for a cancer.

To contribute to the effective management of patients with
lymphatic disorders, a therapist must possess a sound under-
standing of the underlying pathologies and the clinical man-
ifestations of many types of lymphatic disorders, as well as
the interplay between the lymphatic and venous systems. A
therapist must also be aware of the use, effectiveness, and lim-
itations of therapeutic exercise in the comprehensive man-
agement and rehabilitation of patients with lymphatic
insufficiencies.

Disorders of the Lymphatic
System

Structure and Function of the
Lymphatic System
The primary function of the lymphatic system is to collect
and transport fluid from the interstitial spaces back to the 
venous circulation (Fig. 26.1).36,57,62,69,86,133.135 This is accom-
plished with a series of lymph vessels and lymph nodes.36,69,135

The lymphatic system also has a role in the body’s immune
function.36,69,86,133,135 When the lymphatic system is compro-
mised either by impairment of lymphatic structures or by an
overload of lymphatic fluid, the result is swelling in the tissue
spaces. Edema is a natural consequence of trauma to and sub-
sequent healing of soft tissues. If the lymphatic system is com-
promised and does not function efficiently, lymphedema
develops and impedes wound healing.

5850_Ch26_1019-1042  18/08/17  2:28 PM  Page 1019



Lymphedema is an excessive and persistent accumulation
of extravascular and extracellular fluid and proteins in tissue
spaces.12,22,32,57,69.74,135 It occurs when lymph volume exceeds
the capacity of the lymph transport system, and it is associ-
ated with a disturbance of the water and protein balance
across the capillary membrane. An increased concentration
of proteins draws larger amounts of water into interstitial
spaces, leading to lymphedema.32,51,69,135 The accumulation
of the extracellular fluid and protein causes a proliferation of
adipose tissue in the affected area.14,15,86 Furthermore, many
disorders of the cardiopulmonary system can cause the load
on lymphatic vessels to exceed their transport capacity and
subsequently cause lymphedema.51,74,107

Anatomy of the Lymphatic System
The lymphatic system is an open system.36,69,70,135 The lym-
phatic capillaries are situated close to the blood capillaries and
are responsible for pulling the fluid into the lymphatic circu-
lation (Fig. 26.2).36,57,70.133.135 Once inside the lymphatic 

vessels, the fluid is transported from lymph nodes to lym-
phatic trunks.36,69,70,133,135 The end result is the collection of
the lymphatic fluid at the venous angles. In total, the body has
600 to 700 lymph nodes with the largest grouping found in
the head and neck, around the intestines, and in the axilla and
groin.36,135

Physiology of the Lymphatic System
The main components of lymphatic fluid are water and pro-
tein found in the extracellular spaces.32,36,51,69,70 In a normal
state, the lymphatic system transports this fluid back to the
venous circulation. The amount of fluid transported is the
lymphatic load, and the amount of fluid the lymphatic system
can transport is the transport capacity.36,69,135 When the bal-
ance in the interstitium is disrupted, whether by an increased
lymphatic load or a decreased transport capacity, lym-
phedema can develop.32,36,51,135 Lymphatic load is increased
when the venous system is unable to transport the required
amount of fluid, which can occur in a patient with a venous
insufficiency.69 Transport capacity is affected when the 
structures of the lymphatic system are impaired, for example,
following surgery to remove lymph nodes in a patient with
cancer.

Types of Lymphedema
Lymphedema can be classified as primary, meaning there is
an inherent problem with the structures of the lymphatic sys-
tem, or secondary, meaning there is an injury to lymphatic
structures.36,51,69,135 This injury may be in the form of surgery,
radiation, trauma, or infection. Lymphedema can also be
caused by a combination of lymphatic-venous dysfunction
commonly seen in patients with chronic venous insufficiency.
Remember, lymphedema is not a disease but rather a symp-
tom of a malfunctioning lymphatic system.

Primary Lymphedema
Primary lymphedema, although uncommon, is the result of
insufficient development (dysplasia) and congenital malfor-
mation of the lymphatic system.50,69
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Cervical nodes
Sentinel node

Subclavian veinRight
lymph duct

Thoracic duct

Axillary nodes

Cisterna
chyli

Abdominal
nodes

Inguinal
nodes

Peripheral
lymphatics

FIGURE 26.1 Major vessels of the lymphatic system. 

FIGURE 26.2 Lymph capillary and larger lymph vessel. 

lymph
capillary

Interstitial
space

lymphatic
vessel 

5850_Ch26_1019-1042  18/08/17  2:28 PM  Page 1020



Primary lymphedema can be divided according to the age
of presentation:36,51,69

■  Congenital: presents at birth and is sometimes known as
Milroy’s disease

■  Praecox (early): develops prior to 35 years of age
■  Tarda: develops after 35 years of age

Primary lymphedema typically affects more females than
males and presents more often in the extremities, more so in
the lower than upper extremities. However, it can be seen in
other areas of the body as well.36,51,70,135 If not managed prop-
erly, this type of lymphedema can progress over time and
present with skin changes (hyperkeratosis) and increased skin
folds and skin creases.36,51,62,124,128

Secondary Lymphedema
Most of the patients seen by health-care practitioners for 
management of lymphedema have secondary lymphedema.101

By far, the most common causes of secondary lymphedema
are related to the comprehensive management of cancers of
the breast, pelvis, and abdomen.4,11,12,44,50,51,101,102 Secondary 
lymphedema is classified by the cause of the injury to the 
lymphatic structures including the following:

■  Surgery
■  Inflammation and infection
■  Obstruction or fibrosis
■  Combined venous-lymphatic dysfunction (chronic venous

insufficiency)

Surgical Dissection of Lymph Nodes
Lymph nodes and vessels often are surgically removed
(lymphadenectomy) as an aspect of treatment of a primary
malignancy or metastatic disease. For example, lymph node
sampling is performed in most types of breast cancer sur-
geries to determine the extent and progression of breast
cancer.13,19,44,59 Likewise, pelvic or inguinal lymph node 
excision often is necessary for the treatment of pelvic or 
abdominal cancers.4,101,102

Infection and Inflammation
Inflammation of the lymph vessels (lymphangitis) or lymph
nodes (lymphadenitis) and enlargement of lymph nodes (lym-
phadenopathy) can occur as the result of a systemic infection
or local trauma. Any of these conditions can cause disruption
of lymph circulation.50,51,69,135

Obstruction or Fibrosis
Trauma, surgery, and neoplasms can block or impair the
lymphatic circulation.51,69,123 Radiation therapy associated
with treatment of malignant tumors also can cause fibrosis
of vessels.4,13

Combined Venous-Lymphatic Dysfunction
Although not a primary disorder of the lymphatic system,
chronic venous insufficiency and varicose veins are associated
with venous stasis and accumulation of edema in the extremi-
ties.45,50,65,135 Dependent, peripheral edema, occurring with
long periods of standing or sitting, is a common manifestation

of chronic venous dysfunction. Edema decreases if the limb is
elevated. Patients often report dull aching or tiredness in the
affected extremity.27,33,45,50,65,96,135 If the insufficiency is associ-
ated with varicose veins, venous distention (bulging) also is 
notable. When edema persists, the skin becomes less supple
over time and takes on a brownish pigmentation.

With time, a continued increase in the lymphatic work load
imposed by the venous system causes a combined venous-
lymphatic dysfunction. The lymphatic system begins to lose 
efficiency with the increased workload imposed over time, and
a mixed edema results.135 A venous-lymphatic dysfunction has
a mixture of low protein edema from the venous system and a
high protein edema from the lymphatic system. This combined
dysfunction is termed phlebolymphedema.18,35

Several characteristics distinguish the venous component
from lymphedema in phlebolymphedema. Skin changes, 
typically hyperpigmentation, are present in chronic venous
insufficiency. Clinical findings typical of the lymphedema
component include pitting swelling in the dorsal aspect of the
foot with swelling in the toes.18,35

Clinical Manifestations of Lymphatic
Disorders
Lymphedema
Location. When lymphedema develops, it is most often ap-
parent in the distal extremities, particularly over the dorsum
of the foot or hand.32,51 The term dependent edema describes
the accumulation of fluids in the peripheral aspects of the
limbs, particularly when the distal segments are lower than the
heart. In contrast, lymphedema can manifest more centrally,
for example, in the axilla, groin, or even the trunk.32,50,69,135

Thorough assessment of the entire limb and regional area is
important to define the extent of swelling.

Severity. The severity of lymphedema may be described
quantitatively or qualitatively. Lymphedema is described by
the severity of changes that occur in skin and subcutaneous
tissues. The three categories—pitting, brawny, and weeping
edema—are described in Box 26.1. Although all three types
reflect a significant degree of lymphedema, they are listed in
order of severity, from least severe to most severe.19,22,50,111

CLINICAL TIP
When skin is interrupted in a patient with lymphedema, it 
is common to note a seeping of clear, yellow-tinged fluid that
is slightly thicker than vascular fluid in consistency. This in-
creased viscosity comes from the high level of protein con-
tained in the fluid transported by the lymphatic system. If the
fluid is leaking out of the pores without interruption of the
skin, this signals a severe nature to the condition.

Another common way to define the severity of lym-
phedema is through staging. Staging refers to the physical
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condition of the limb only.62 The stages are described in 
Box 26.2.36,62,70,135 Stage 0 or the latency stage might present
with the greatest possibility for reducing the onset of wors-
ening lymphedema. This is especially true in the patient with
secondary lymphedema from cancer surgery.

Increased Size of the Limb
As the volume of interstitial fluid in the limb increases, 
so does the size of the limb (weight and girth).17,51,65,135

Increased volume, in turn, causes tautness of the skin and 
susceptibility to skin breakdown.19,69

Descriptors, such as mild, moderate, and severe, some-
times are based on how much larger the size of the edematous
limb is compared to the non-involved limb.74 However, there
are no standard definitions associated with size and severity.

Sensory Disturbances
Paresthesia (tingling, itching, or numbness) or occasionally a
mild, aching pain may be felt, particularly in the fingers or
toes. In many instances the condition is painless, and the pa-
tient perceives only a sense of heaviness of the limb. Fine fin-
ger coordination also may be impaired as the result of the
sensory disturbances.19,51,93,111

Stiffness and Limited Range of Motion
Range of motion (ROM) decreases in the fingers and wrist or
toes and ankle or even in the more proximal joints, leading
to decreased functional mobility of the involved segments.19,82

Decreased Resistance to Infection
Wound healing is delayed, and frequent infections (e.g., 
cellulitis) may occur.51,64,65,135 Cellulitis is a common health
condition in patients with lymphedema.86 Early recognition
and treatment of cellulitis has shown to be important in 
reducing further tissue damage.30,129

Examination and Evaluation 
of Lymphatic Function
A patient’s history, a systems review, and specific tests and
measures provide information to determine impairments
and functional limitations that can arise from lymphatic dis-
orders and the presence of lymphedema. Key components
in the examination process that are particularly relevant
when lymphatic dysfunction is suspected or lymphedema is
present are summarized in this section.20,33,82,114,135 Other
tests and measurements, such as vital signs, ROM, strength,
posture, and sensory, functional, and cardiopulmonary test-
ing, are also appropriate.

History and Systems Review
Note any history of infection, trauma, surgery, or radiation
therapy. If a patient has a history of cancer and received
chemotherapy, a review of the treatment and duration of the
chemotherapy treatment is also important. The onset and 
duration of lymphedema, delayed wound healing, or previous
treatment of lymphedema are pertinent pieces of information.
Identify the occupation or daily activities of the patient, and
determine if long periods of standing or sitting are required.
Specific questioning to determine a pattern to the swelling can
also aid in treatment planning.

Examination of Skin Integrity
Visual inspection and palpation of the skin provide informa-
tion about the integrity of the skin. The location of the
edema should be noted. When the limb is in a dependent 
position, palpate the skin to determine the type and severity

1022 Disorders of the Lymphatic System

BOX 26.1 Severity of Lymphedema

■ Pitting edema. Pressure on the edematous tissues with
the fingertips causes an indentation of the skin that
persists for several seconds after the pressure is removed.
This reflects significant but short-duration edema with little
or no fibrotic changes in skin or subcutaneous tissues.

■ Brawny edema. Pressure on the edematous areas feels
hard with palpation. This reflects a more severe form of
interstitial swelling with progressive, fibrotic changes in
subcutaneous tissues.

■ Weeping edema. This represents the most severe and
long-duration form of lymphedema. Fluids leak from cuts or
sores; wound healing is significantly impaired. Lymphedema
of this severity occurs almost exclusively in the lower
extremities.

BOX 26.2 Stages of Lymphedema

Stage 0—Latency Stage
■ No outward swelling noted
■ Essentially asymptomatic with occasional reports of

heaviness in the extremity
■ Despite reduced transport capacity, the body is still able to

accommodate the lymphatic load

Stage I—Reversible Stage
■ Elevation reduces swelling
■ No tissue fibrosis
■ Swelling is soft or pitting

Stage II—Spontaneously Irreversible
■ Fibrosis of tissue; brawny, hard swelling
■ Swelling is no longer pitting
■ Positive Stemmer sign
■ Frequent infections may occur

Stage III—Lymphostatic Elephantiasis
■ Positive Stemmer sign
■ Significant increase in limb volume
■ Typical skin changes noted (hyperkeratosis, papillomas,

deep skin folds)
■ Bacterial and fungal infections of the skin and nails more

common
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of lymphedema and changes in skin and subcutaneous 
tissues. Describe the thickness and density of the tissue in
each area of the limb. Areas of pitting, brawny, or weeping
edema should be noted.

CLINICAL TIP
When palpating the skin over lymph nodes, note any tender-
ness of the nodes (cervical, supraclavicular, or inguinal). 
Tenderness may or may not indicate ongoing infection or 
serious disease.46 Evidence of warm, enlarged, tender, painless,
or adherent nodes should be reported to the physician.

The presence of wounds or scars and the color and appear-
ance of the skin, which is often shiny and red in the edema-
tous limb, should be noted. Document any papillomas,
hyperkeratosis, or darkening of the skin, especially in the
lower extremities. Photographic documentation is convenient
in the clinical or home setting and provides visual evidence
of changes in skin integrity. If a wound or scar is identified,
its size should be noted, as should scar mobility or the pres-
ence of inflammation or infection in a wound.

A positive Stemmer sign, an indication of stage II or III
lymphedema, may be identified during palpation (Fig. 26.3).
It is considered positive if the skin on the dorsal surface of the
fingers or toes cannot be pinched or is difficult to pinch com-
pared with the uninvolved limb.36,70,100,125,135 A positive Stem-
mer sign can be indicative of a worsening condition.

measurements at anatomical landmarks has been shown to be
a valid and reliable method of calculating limb volume.2,113

Volumetric Measurements
An alternative method of measuring limb size is to immerse
the limb in a tank of water to a predetermined anatomical
landmark and measure the volume of water displaced.17,113

Although this method also has been shown to be valid and
reliable, for routine clinical use, it is more cumbersome and
less practical than girth measurements.2,113

Perometer Measurements
A perometer calculates limb volume through the use of in-
frared light and opto-electric sensors. The perometer scans
the limb without direct contact on the skin, making this an
efficient form of volumetric measurement.3 However, the cost
and size of the perometer make this technology unrealistic for
most clinical facilities. 

Bioimpedance Measurements
Bioimpedance measurements involve the use of a low-level, 
alternating electrical current to measure the resistance to the flow
through the extracellular fluid in the upper extremities.31,99,122

The higher the resistance to flow, the more extracellular fluid
present. Testing is fairly easy to perform, requiring only place-
ment of skin electrodes.

For any bioimpedance value to be meaningful, initial
testing must take place prior to surgery.38,78,108 Testing can
then be performed at set intervals throughout the treatment
continuum. This affords the opportunity for intervention at
an earlier stage in the development of lymphedema. Other
factors that affect volume in the body can theoretically affect
the bioimpedance reading; therefore, this must be consid-
ered.31,78,99,100,122 Bioimpedance is gaining acceptance in
clinical practice as an effective method of detecting early,
perhaps subclinical, lymphedema.38,63,108

Lymphedema Risk Reduction
If a patient is at risk of developing lymphedema secondary
to infection, inflammation, obstruction, surgical removal
of lymphatic structures, chronic venous insufficiency, or an
increased body mass index (BMI), reducing the risk of lym-
phedema should be the priority of patient management. In
some situations, such as after removal of lymph nodes or
vessels, risk-reducing measures may be needed for a life-
time. Even when a patient takes every measure to reduce
the risk of edema, it still may develop at some time, partic-
ularly after trauma to or surgical removal of lymph vessels.
Box 26.3 summarizes precautions and measures to reduce
the risk of lymphedema.* The education of patients in the
importance of risk reduction has been shown to be effective
in lowering lymphedema symptoms.39,40,49,78 
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FIGURE 26.3 Stemmer sign: Objective test for lymphedema in the
extremities. (From Hetrick, H: Lymphedema complicating healing. In
McCulloch, JM, and Kloth, LC (eds): Wound Healing: Evidence-Based
Management, ed. 4. Philadelphia: F.A. Davis, 2010, p 283, with 
permission.)

Girth Measurements
Circumferential measurements of the involved limb should be
taken and compared with the non-involved limb if the prob-
lem is unilateral.17,93 Identify specific intervals or landmarks
at which measurements are taken so measurements during
subsequent examinations are reliable. Use of circumferential *3,13,19,52,55,58,70,82,92,98,111,116,123
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Management of Lymphedema
Background and Rationale
Comprehensive management of lymphedema involves a 
combination of appropriate medical management and di-
rect therapeutic intervention by a therapist combined with 
self-management by the patient. Treatment also includes 

appropriate pharmacological management for infection control
and prevention or removal of excessive fluid and proteins.12,50,69

Because there is no cure for lymphedema, the main goal
of treatment is to minimize the lymphedema as much as pos-
sible or return the lymphedema to a latency stage. In addition,
the health of the tissue is important. Other goals include re-
ducing risk of infection and softening of fibrotic tissue.36,135

The overall objective of management, when lymphedema
has developed, is to improve drainage of obstructed areas and,
theoretically, to channel fluids into more centrally located
lymph structures that carry the fluid to the venous system. In
order to affect the reduction of lymphatic and/or venous
edema, the following should be considered.

■  Interstitial pressure is increased by external forces. These
external forces can be from manual lymphatic drainage
(MLD) or compression therapy. An increased interstitial
pressure causes an increased uptake of fluid. There is an 
increase of lymph production as more fluid enters the lym-
phatic system as well as an increase in the resorption of
fluid by the venous system.36,78,135

■  Elevation can assist fluid return in stage I lymphedema or
in venous edema. If elevation produces a reduction, then a
mild compression therapy (i.e., compression garment) may
be indicated.32,62,69,70,123

■  Dynamic pressure changes within the body can assist 
lymphatic flow. Pressure changes can be in the form of 
diaphragmatic breathing or with muscle contractions.
Breathing changes intrathoracic pressure and causes an 
increased uptake of lymph fluid in lymphatic trunks and
ducts. Active muscle contractions change pressure in a 
localized area, enhancing the movement of lymph within
lymph vessels. A muscle contraction combined with exter-
nal forces from a bandage or compression garment can be
even more effective in the movement of fluid.36,70,104,135

Comprehensive Regimens and Components
A comprehensive approach to the management of lym-
phedema is referred to in the literature by a variety of terms,
including complex lymphedema therapy, complete or complex
decongestive therapy (CDT), or decongestive lymphatic ther-
apy.* Treatment typically is divided into two phases. Phase I is
the intensive treatment phase, and phase II is the maintenance
phase. The goal of phase I treatment is reduction, whereas the
goal of phase II treatment is long-term management.19,62,70,135

Therapist-directed care is replaced by patient-directed care as
treatment moves from phase I to phase II. Box 26.4 summa-
rizes the components of these programs.

Manual lymphatic drainage. MLD involves slow, very
light repetitive stroking and circular massage movements
done in a specific sequence with the involved extrem-
ity.78,9,23,24,29,67,113,134,135 Proximal congestion in the trunk,
groin, buttock, or axilla is cleared first to make room 
for fluid from the more distal areas. The direction of the
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BOX 26.3 Precautions, Risk Reduction, and
Self-Management of Lymphedema

Reducing the Risk of Lymphedema
■ Keep moving. Standing or sitting for long periods of time

can cause pooling of fluid in the legs. Sit with both feet on
the floor instead of legs crossed.

■ When traveling long distances by car, stop periodically, and
walk around or support an involved upper extremity on the
car’s window ledge or seat back.

■ Elevate involved limb(s), and perform repetitive pumping
exercises frequently during the day.

■ Be cautious about performing vigorous, repetitive activities
with the involved limb. 

■ Monitor the weight used with exercise. Increase weight
slowly, and assess for feelings of heaviness, throbbing, or
aching in the limb.

■ Carry heavy loads, such as a heavy backpack or shoulder
bag, over your uninvolved shoulder.

■ If you have lymphedema, wear compressive garments
while exercising.

■ Wear clothing and jewelry that does not leave a mark or
imprint on your skin when removed.

■ Monitor diet to maintain an ideal weight and minimize
sodium intake.

■ If possible, have blood pressures, needle sticks, and blood
draws performed in the uninvolved upper extremity or
lower extremity.

Skin Care
■ Keep the skin clean and supple; use moisturizers and

sunscreen, but avoid perfumed lotions.
■ Immediately attend to a skin abrasion or cut, an insect bite,

a blister, or a burn.
■ Protect hands and feet; wear socks or hose, properly fitting

shoes, rubber gloves, oven mitts, etc.
■ Use protective gloves when in contact with harsh detergents

and chemicals.
■ Use caution when cutting nails. Push back cuticles instead

of trimming.
■ Use an electric razor when shaving legs or underarms. If

the underarm area is numb, use your eyes to ensure that
good skin integrity was maintained.

■ Avoid hot baths, whirlpools, and saunas that elevate the
body’s core temperature.

■ Seek immediate medical care if infection is suspected. An
infection may present with warmth, redness, tenderness, 
or rash on the skin. A fever may or may not be present.

■ Consult your physician immediately if a new onset of
swelling is noted that does not resolve in 1 to 2 days.

*8,9,23,24,29,60,73,75,76,103,112,134,135
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massage is toward specific lymph nodes and usually involves
distal-to-proximal stroking. Fluid in the involved extremity
is then cleared, first in the proximal portion and then in the
distal portion of the limb. Because MLD is extremely labor
and time intensive, methods of self-massage are taught to 
a patient as soon as possible in a treatment program. 
The manual technique involved in lymphatic drainage is
positively correlated to the results seen in tissue deconges-
tion.36,135 The specific techniques of MLD include several
principles:36,135 

■  Hand position should match the anatomical shape and size
of the area being treated.

■  The pressure applied in each stroke should maximize the
elasticity available in the superficial tissue. Too much pres-
sure can cause vasodilation.

■  Each stroke has a working phase and a resting phase. The
purpose of the working phase is to move fluid into the lym-
phatic system, with the directional stretch facilitating the
lymphatic angions.30,107 The resting phase elicits a pressure
change in the tissue and allows the lymph fluid to fill the
lymphatic collectors.

■  Repetition of the strokes is needed to help reduce the high
viscosity of the lymphatic fluid. 

■  MLD sequences direct lymphatic fluid from an area of con-
gestion, across lymphatic water sheds to an area of no tissue
congestion. 

Application of these principles for upper and lower extrem-
ity clearance of lymphedema is depicted in Figure 26.4.135 

Exercise. Active ROM, stretching, and low-intensity resist-
ance exercises are integrated with manual drainage tech-
niques.6,12,19,23,25,26,73,80,84,85,91,135 Exercises are performed
while wearing a compressive garment or bandages and in a
specific sequence to facilitate lymphatic flow. A low-intensity
cardiovascular/pulmonary endurance activity, such as bicy-
cling, often follows ROM and strengthening exercises. Specific
exercises and a suggested sequence for the upper and lower

extremities, compiled from several sources, are described and
illustrated in the last section of this chapter.

Compression therapy. The type of compression used de-
pends on the phase of treatment. During phase I of treat-
ment, only low-stretch bandages are used, which provide a
low resting pressure on a limb but a high working pres-
sure.36,135 High-stretch sports bandages, such as Ace™ wraps,
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BOX 26.4 Components of a Decongestive
Lymphatic Therapy Program

Phase I
■ Manual lymphatic drainage (MLD)
■ Multiple layer compression bandaging
■ Skin and nail care
■ Exercise

Phase II
■ Self-MLD by the patient
■ Compression therapy

■ Compression garment during the day
■ Multiple layer bandaging in the evening/night

■ Skin and nail care
■ Exercise

A B

C D

FIGURE 26.4 Application of manual lymphatic drainage sequences
for (A & B) upper extremity and (C & D) lower extremity lymphatic
pathways. 
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are not recommended for treating lymphedema.9,12,19,123

Given that a low-stretch bandage has a low resting pressure,
the bandage can be worn during the day and at night. During
the active reduction phase of treatment, it is recommended
that compression be applied in the form of low-stretch band-
aging at all times except for bathing.36,105,135 Under the low-
stretch bandage, nonwoven padding is used and can be
combined with foam pads to aid in the softening and reduc-
tion of fibrotic tissue (Fig. 26.5).

As a patient moves from phase I to a maintenance phase of
treatment, compression is transitioned from low-stretch band-
aging at all times to a compression garment during the day. 
A compression garment has a high resting pressure and low
working pressure.36,135 Therefore, the use of a garment is not rec-
ommended during long periods of inactivity (night rest). The
garment should be viewed as a method to maintain limb size
during the day, giving a patient a more cosmetic appearance and
ease of wearing clothing. During phase II, it is still recommended
that a patient wear the low-stretch bandages at night.19,105 In
summary, the bandages are used for continued limb reduction,
and a garment keeps the size of the extremity stable. 

Compression garments are made in specific compression
categories or classes (Table 26.1).19,105,135 Patients can most
often be fit with a premade garment, but custom garments
are available. For patients with lymphedema of the trunk,
genital area, or face, custom garments can be fabricated.

 FOCUS ON EVIDENCE
Forner-Cordero and coinvestigators37 conducted a study to
identify the factors that best predicted response to CDT. A
prospective multicenter, controlled cohort study was under-
taken with 171 patients with breast cancer–related lymphedema.
Following statistical analysis, compliance with bandaging was
one of the most predictive indicators of response to CDT. The
length of time from the development of the lymphedema to
treatment did not predict response to treatment in this study.
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FIGURE 26.5 Upper extremity multilayer bandaging with padding
from the upper arm to the hand. 

TABLE 26.1 Garment Compression Classification

Class of Compression mm Hg Indications

Class 1

Class 2

Class 3

Class 4

LE, Lower extremity; UE, upper extremity

20–30 mm Hg

30–40 mm Hg

40–50 mm Hg

50–60 mm Hg

■ Mild lymphedema
■ Typically used for UE, not LE
■ Patient with fragile skin or the elderly

■ Most commonly used for stage II UE lymphedema
■ Minimum compression for LE lymphedema

■ Rarely used for UE lymphedema
■ Typically for stage II LE lymphedema
■ For patients with LE lymphedema involved in high-intensity, repetitive

activities

■ Rarely used
■ Only for LE lymphedema
■ Only available as custom-made garments
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However, there was an inverse correlation between severity of
lymphedema and response to CDT.

Another form of compression therapy is a pneumatic com-
pression pump.79,132 The use of compression pumps, however,
has been controversial over the years. Studies have shown that
a compression pump can be a positive adjuvant therapy to
CDT but should not be the sole therapeutic modality in the
treatment of lymphedema.77,82,112 The main criticism of pump
compression is the pumping of fluid in a distal to proximal 
sequence, which is opposite of the principles of MLD. There
is also the potential to cause swelling in adjoining areas of the
body, mainly the genital area, for a patient with lower extrem-
ity edema.10 When used correctly, a pneumatic compression
pump can be a positive therapeutic intervention, especially 
in severe or refractory cases. More advanced pumps are 
now available that follow the sequence of MLD more closely,
treating the trunk first and then the extremity in a proximal-
to-distal sequence. Recommendations for pressure and timing
settings to effectively elicit lymph flow with an intermittent
pneumatic compression device have been reported in the 
literature.132 

Skin care and hygiene. Lymphedema predisposes the pa-
tient to skin breakdown, infection, and delayed wound heal-
ing. Meticulous attention to skin care and protection of the
edematous limb are essential elements of self-management of
lymphedema.12,24,82,123

Surgical Intervention for Lymphedema
A surgical procedure, such as a lymphovenous bypass or a 
vascularized lymph node transfer, may be chosen for manage-
ment of lymphedema depending on the availability of intact
lymphatic channels and the extent of fibrosis in the tissue. The
purpose of these surgical interventions is to facilitate restora-
tion of the physiological balance in the tissue by eliminating
the excess of protein and other cellular components in the ex-
tracellular space.62,110 With a lymphovenous bypass, lymphatic
channels are identified along the length of the limb and are
anastomosed with a venule of corresponding size.27,28,62,110 In
a lymph node transfer a lymph node from a distant site along
with vasculature is transplanted in the affected limb.62,110 

Liposuction is another surgical option that has been shown to
be effective in long-term follow-up studies.14,15,86 Liposuction
reduces the overall girth of a limb by removing the prolifera-
tion of adipose tissue.14,15,62

A growing body of evidence has become available in the
literature to support the benefits and efficacy of selected sur-
gical interventions.7,14,15,27,28 The results of these studies have
shown that the majority of patients following surgical inter-
vention report subjective, symptomatic improvement. How-
ever, improvements identified by objective testing have been
reported in a lesser percentage of patients.27,28,95 Irrespective
of the surgical approach taken, patients must continue with
many of the presurgical interventions for lymphedema man-
agement, including daily compression therapy.

Online Resources
A valuable resource for patients and health-care professionals
is the National Lymphedema Network (www.lymphnet.org).
This nonprofit organization provides education and guidance
about lymphedema. Other resources include the National Com-
prehensive Cancer Network (www.nccn.org), the Peninsula
Medical, Inc., website (www.lymphedema.org), and Lymph
Notes (www.lymphnotes.com).

Breast Cancer–Related
Lymphatic Dysfunction

Background
Breast cancer–related dysfunction of the lymphatic system
and subsequent lymphedema of the upper extremity is a
somewhat common and potentially serious complication of
the treatment for breast cancer. The incidence of lymphedema
following surgical intervention for breast cancer varies widely
in the literature.* Much of the variation is related to how lym-
phedema is diagnosed and defined. Some studies quantify
lymphedema in the upper extremity only, whereas other stud-
ies define breast cancer–related lymphedema as including 
the remaining breast or chest wall and trunk. Other factors
contributing to the variation in incidence of lymphedema 
reported are the use of sentinel lymph node biopsy versus 
axillary dissection. The time of onset of lymphedema also
varies widely in the literature, with onset varying from 
6 months to 3 years in the majority of patients who develop
persistent swelling.53,55,94,116

Current treatment for breast cancer involves a multi-
modality approach. Surgery, chemotherapy or hormonal
therapy, and radiation may be employed. The type of surgery
performed, the extent of axillary nodes removed, and the 
use of radiation all affect the incidence of lymphedema in a
patient with breast cancer.

Axillary dissection and removal of lymph nodes interrupt
and slow the circulation of lymph, which in turn can lead to
lymphedema.6,13,19,34 Radiation therapy can cause fibrosis of tis-
sues in the area of the axilla, which obstructs the lymphatic ves-
sels and contributes to pooling of lymph in the arm and
hand.6,13,19,34 The extent of the axillary dissection and exposure
to radiation is associated with the degree of risk for lymphedema
to develop. In addition, shoulder motion can become impaired
as the result of incisional pain, delayed wound healing, skin ul-
cerations (associated with radiation therapy), and postoperative
weakness of the muscles of the shoulder girdle.19,82

A comprehensive approach to postoperative management
that emphasizes patient education and includes therapeutic
exercise and other direct interventions to reduce the risk of
or to treat lymphedema and other impairments or limitations
of function are key to successful outcomes.4,12,19,43,82,98
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As with most cancers, the diagnosis of breast cancer and the
ensuing treatments have an enormous emotional impact on
patients and their families.15,90 The advent of breast cancer–
related lymphedema not only has an impact on a breast cancer
survivor’s physical function, but also is known to have a 
significantly adverse effect on health-related quality of life,
making prevention—and if it develops, aggressive treatment—
of lymphedema a high priority for management.72,94,102

Surgical Procedures
Surgical treatment of breast cancer falls into two broad 
categories—mastectomy and breast-conserving surgery—
both of which are coupled with either sentinel lymph node
biopsy and/or axillary lymph node dissection. Differences in
surgical procedures are related to the extent of removal of
breast tissue and surrounding or underlying soft tissues.1,8,56

A course of radiation therapy routinely follows surgery to de-
crease the risk of regional recurrence of the disease in patients
who undergo breast-conserving surgeries. Chemotherapy also
may be initiated preoperatively or postoperatively to reduce
the risk of systemic spread of the disease.

Mastectomy
Mastectomy involves removing the entire breast. In addition,
a mastectomy may involve removing the fascia over the chest
muscle. With late-stage, invasive disease, a radical mastectomy
in which the pectoralis muscles also are excised may be re-
quired, leading to significant muscle weakness and impaired
shoulder function.

Breast-Conserving Surgery
Options for resecting the tumor and preserving a portion of
the breast include lumpectomy, which involves excision of the
mass and a margin of healthy surrounding breast tissue, or
segmental mastectomy (also known as quadrectomy), which
is excision of the affected quadrant of the breast. Rather than
mastectomy, these procedures are being used increasingly in
combination with adjuvant therapy for patients with stage I
or II tumors.1,56

There are now multiple randomized clinical trials that
show that the 10- to 20-year survival rate for patients with
stage I or II disease who underwent breast-conserving surgery
combined with radiation therapy is equivalent to that
achieved by patients who underwent mastectomy alone or
mastectomy with adjuvant therapy.1

Patients who undergo breast-conserving procedures with-
out removal of lymph nodes are still at risk for developing
postoperative lymphedema and impaired shoulder mobility
because of potential complications from radiation therapy
and biopsy of at least one lymph node.19,82

Evaluation of Lymph Node Involvement
In the past, axillary lymph node dissection was a standard part
of mastectomy and breast-conserving surgery.1,56 A minimum
of a level I and, most often, a level II axillary dissection was

performed. Currently, the sentinel lymph node biopsy is used
to determine disease presence in the axilla, therefore sparing
removal of uninvolved lymph nodes when possible.

Sentinel lymph node biopsy is used with patients who
present with no clinically evident disease in the axilla.119

With a radiosensitive substance, the specific lymph nodes
that a tumor first drains into are identified and removed.135

If clear, research has shown that an axillary dissection is not
required and risk of disease in further lymph nodes is low.16

If the sentinel lymph nodes show signs of disease, then 
axillary lymph nodes are removed. More extensive dissec-
tion for metastatic or regional bulky disease removes the
nodes under the pectoralis minor muscle or around the
clavicle.

Breast Reconstruction Options
Depending on breast cancer presentation and staging at the
time of diagnosis, a woman may have a choice of breast
conservation or mastectomy. If a mastectomy is chosen,
then reconstruction (immediate versus delayed) may be
considered. A patient’s body type, breast size, and tumor
size become factors in the determination of which proce-
dures are viable options. Immediate reconstruction is done
at the time of the definitive breast cancer surgery so that an
additional surgery is not required. However, an immediate
reconstruction increases surgical time and length of stay in
the hospital. Delayed reconstruction requires an additional
surgery at some point following the completion of breast
cancer treatment but gives a woman additional time to con-
sider reconstructive options.68,97

Implications for physical therapy management during
postoperative rehabilitation depend on the reconstructive
approach performed (Table 26.2).115 Alloplastic procedures,
using expanders and implants, construct a “breast pocket”
under the pectoralis muscle on the chest wall, whereas au-
tologous procedures involve use of a women’s own tissue to
reconstruct the breast. These procedures can include tissue
only or muscle as well.68,97 

Radiation Therapy
Radiation therapy is rarely used as the sole treatment inter-
vention for breast cancer. Most often radiation is employed
following breast-conserving surgery as an adjuvant treatment
modality.71 Radiation delivered to the whole breast is standard
following breast-conserving therapy. The parameters of the
radiation field include the tissue from the clavicle to 2 cm
below the inframammary line and from the midsternum to
the mid-axillary line laterally.90 Radiation typically is delivered
over a course of 5 to 6 weeks with effects not felt until 2 to 
3 weeks into treatment. In patients who undergo mastectomy,
depending on the disease presentation, radiation may be of-
fered. The radiation field usually includes the surgical scar,
chest wall, and sometimes the regional lymphatics.

Radiation causes changes in most types of soft tissue and
can be categorized as having acute or chronic effects.71 Acute
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effects of radiation include acute dermatitis or skin burn.
Chronic or late effects of radiation involve tissue fibrosis that
can restrict ROM and changes to lymphatic vessel function.120

It is important to note that the chronic effects of radiation
can extend for many years following the end of the radiation
therapy.121

Impairments and Complications
Related to Breast Cancer Treatment
The following impairments and complications may occur in
association with treatment of breast cancer. Many of these
problems are interrelated and must be considered jointly
when a comprehensive postoperative rehabilitation program
is developed for the patient.*

Postoperative Pain
Incisional pain. A transverse incision across the chest wall
is made to remove the breast tissue and underlying fascia on
the chest musculature. The incision extends into the axilla for
lymph node dissection. Postoperatively, the sutured skin over
the breast area may feel tight along the incision. Movement
of the arm pulls on the incision and is uncomfortable for the
patient. Healing of the incision may be delayed as the result
of radiation therapy. Delayed wound healing, in turn, pro-
longs pain in the area of the incision.

Posterior cervical and shoulder girdle pain. Pain and
muscle spasm may occur in the neck and shoulder region as
a result of muscle guarding. The levator scapulae, teres major
and minor, and infraspinatus often are tender to palpation
and can restrict active shoulder motion. Decreased use of the
involved upper extremity after surgery due to pain sets the
stage for the patient to develop a chronic frozen shoulder and
increases the likelihood of lymphedema in the hand and arm.

Postoperative Vascular and Pulmonary
Complications
Decreased activity and extended time in bed increase venous
stasis and the risk of a deep vein thrombosis (DVT). Risk of
pulmonary complications, such as pneumonia, also is higher
because of the patient’s reduced activity level. Incisional pain
may make the patient reluctant to cough or breathe deeply,
both of which are necessary postoperatively to keep the air-
ways clear of fluid accumulation.

Lymphedema
As noted previously, patients who undergo any level of lymph
node dissection or whose treatment regimen includes radia-
tion therapy remain at risk throughout life for developing 
ipsilateral upper extremity lymphedema.6,19,82,135 Lymphedema
can occur almost immediately after lymph node dissection,
during the course of radiation therapy, or many months or even
years after treatment has been completed. It is typically evident
in the hand and arm but occasionally develops in the anterior
chest wall, remaining breast, or back area.6,13,19,82,93,135 In turn,
lymphedema leads to impaired upper extremity function, poor
cosmesis, and emotional distress.19,41,93,111

 FOCUS ON EVIDENCE
Fu et al40 conducted a study involving two groups of breast
cancer survivors. One group received breast cancer–related
lymphedema education during their treatment for breast
cancer. The other group received no lymphedema-specific
education. Information was collected from both groups to
identify physical symptoms and overall knowledge related
to lymphedema following treatment. In both groups, the
mean number of physical symptoms reported was three.
However, fewer women in the intervention group than in
the control group reported physical symptoms such as
swelling, heaviness, limited shoulder movement, seroma for-
mation, or breast swelling. As a result of this study, the au-
thors recommended the active engagement of breast cancer
survivors in education regarding ways to reduce the risk of
lymphedema.

Chest Wall Adhesions
Restrictive scarring of underlying tissues on the chest wall can
develop as the result of surgery, radiation fibrosis, or wound
infection. Chest wall adhesions can lead to increased risk of
postoperative pulmonary complications, restricted mobility
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TABLE 26.2 Implications for Rehabilitation
Following Breast Reconstruction
Surgery

Procedure Implications for Rehabilitation

Alloplastic

■ Tissue expander/
implant

Autologous

■ TRAM Flap* 
(transverse rectus 
abdominis muscle)

■ LD Flap*
(latissimus dorsi)

■ DIEP Flap*
(deep inferior 
epigastric perforator)

*Flap integrity and perfusion are of primary importance.

■ Pectoralis muscle tightness
■ Impaired shoulder girdle

alignment
■ Decreased shoulder range of

motion

■ Impaired trunk posture
■ Core muscle weakness,

especially if unilateral

■ Rotator cuff insufficiency
■ Impaired shoulder girdle

alignment

■ Impaired trunk posture

*5,11,13,19,41,43,47,48,59,82,93,127,130,135
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of the shoulder, postural asymmetry and dysfunction, and
discomfort in the neck, shoulder girdle, and upper back.

Decreased Shoulder Mobility
It is well documented that patients may experience tempo-
rary and sometimes long-term loss of shoulder mobility
after surgery or radiation therapy for treatment of breast
cancer.6,48,59,72,82,98,109,126,127,130 Factors contributing to im-
paired shoulder mobility after surgery are listed in Box 26.5.

One of these factors, lymphatic cording, or axillary web
syndrome (AWS), is a fairly new term for a condition that is
quite common in patients treated for breast cancer. The inci-
dence among breast cancer survivors ranges from 28% to
36%.118,120 However, the incidence varies in the literature, and
onset can be as soon as one week following surgery to years
later.87,120,131 AWS is thought to be caused by the interruption
of the lymphatics in the axilla following a sentinel lymph
node biopsy or axillary dissection, with resulting thrombosis
of lymphatic channels.54,72 Visually, AWS can be described as
a web of skin covering “cords” that are more visible with
shoulder abduction (Fig. 26.6).66,87 These cords can extend

from the axilla distally to the antecubital space and into the
forearm. Lymphatic cording can be painful and limit move-
ment of the entire upper extremity.19,66 Patients often present
with complaints of pain that extends down the arm, even into
the hand. Cording can also be seen in the lateral trunk.120

Numbness or tingling may also be reported. Treatment for
AWS typically includes gentle stretching and soft tissue release
of the lymphatic cord, as well as MLD.66,120 AWS may resolve
if left untreated, but more research is needed to clarify long-
term outcomes.131

 FOCUS ON EVIDENCE
Verbelen and coinvestigators118 conducted a systematic re-
view of the literature to identify the shoulder impairments
found in patients following sentinel lymph node biopsy. The
shoulder and arm impairments identified included loss of
mobility and strength, pain, AWS, and sensory disorders. The
highest incidence of restricted range of motion occurred at
1 month following surgery, with shoulder abduction and for-
ward flexion being most limited. Shoulder abduction and 
internal rotation remained restricted in approximately 40%
of patients at 2 years. 

Weakness of the Involved Upper Extremity
Shoulder weakness. If the long thoracic nerve is trauma-
tized during axillary dissection and removal of lymph nodes,
this results in weakness of the serratus anterior and compro-
mised stability of the scapula, limiting active flexion and ab-
duction of the arm. Faulty shoulder mechanics and use of
substitute motions with the upper trapezius and levator
scapulae during overhead reaching can cause subacromial im-
pingement and shoulder pain. Shoulder impingement, in
turn, can be a precursor to a frozen shoulder. If the pectoralis
muscles were disturbed, which occurs with a radical mastec-
tomy for advanced disease, weakness is evident in horizontal
adduction.

Decreased grip strength. Grip strength is often diminished
as the result of lymphedema and secondary stiffness of the
fingers.

Postural Malalignment
The patient may sit or stand with rounded shoulders and
kyphosis because of pain, skin tightness, or psychological rea-
sons. An increase in thoracic kyphosis associated with aging
is commonly seen in the older patient.47 This contributes to
faulty shoulder mechanics and eventually restricts active use
of the involved upper extremity. Asymmetry of the trunk and
abnormal scapular alignment may occur as the result of a sub-
tle lateral weight shift, particularly in a large-breasted woman.

Fatigue and Decreased Endurance
Patients undergoing radiation therapy or chemotherapy often
experience debilitating fatigue.1,44,72 Fatigue has been reported
by more than 60% of patients undergoing cancer treatment.21.88
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BOX 26.5 Factors Contributing to Impaired
Shoulder Mobility After Breast
Cancer Surgery

■ Incisional pain immediately after surgery or associated with
delayed wound healing

■ Muscle guarding and tenderness of the shoulder and
posterior cervical musculature

■ Need for protected shoulder ROM until the surgical drain is
removed

■ Fibrosis of soft tissues in the axillary region due to adjuvant
radiation therapy

■ Adherence of scar tissue to the chest wall, causing
adhesions

■ Temporary or permanent weakness of the muscles of the
shoulder girdle

■ Rounded shoulders and kyphotic or scoliotic trunk posture
associated with age or incisional pain

■ A feeling of heaviness of the upper extremity due to
lymphedema

■ Decreased use of the hand and arm for functional activities
■ Axillary web syndrome

FIGURE 26.6 Axillary web syndrome. 
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Many cancer survivors experience fatigue for months, even
years, after treatment has been completed.83 Anemia may de-
velop as a result of chemotherapy. Nutritional intake and sub-
sequent energy stores may be diminished, particularly if a
patient is experiencing nausea for several days after a cycle of
chemotherapy.

Fatigue is also associated with depression. As a result, ex-
ercise tolerance and endurance during functional activities
are markedly reduced. Multiple studies support the initiation
of an exercise program as one of the most effective methods
to combat fatigue related to cancer treatment.21,88,89 The 
findings of a recent systematic review and meta-analysis by
Meneses-Echavez83 demonstrated that supervised aerobic 
exercise is the most beneficial form of exercise. 

Psychological Considerations
A patient undergoing treatment for breast cancer experiences
a wide range of emotional and social issues.111 The needs and
concerns of both the patient and the family must be consid-
ered. The patient and family members must cope with the po-
tentially life-threatening nature of the disease and a difficult
treatment regimen. It is common for a patient to feel anxiety,
agitation, anger, depression, a sense of loss, and significant
mood swings during treatment of and recovery from breast
cancer.

In addition to the obvious physical disfigurement and 
altered body image associated with mastectomy, medications
such as immunosuppressants and corticosteroids can affect

the emotional state of a patient. Psychological manifestations
affect physical well-being and can contribute to general 
fatigue, the patient’s perception of functional disability, and
motivation during treatment.

Guidelines for Management Following
Breast Cancer Surgery
Guidelines for postoperative management for the patient who
has undergone a mastectomy or breast-conserving surgery and
who may currently be receiving adjuvant therapy are outlined
in Box 26.6. The guidelines identify therapeutic interventions
for common impairments during the early postoperative 
period and those that could develop at a later time.

NOTE: The guidelines outlined in Box 26.6 also can be modified
to prevent or manage problems that can develop in the trunk
and lower extremities after surgery for abdominal or pelvic
cancers and accompanying inguinal lymph node dissection.

Special Considerations
Patient education. The length of an in-hospital stay fol-
lowing surgery for breast cancer is short. Ideally, intervention
by the therapist is initiated preoperatively with an emphasis
on patient education for reducing the risk of postoperative
complications and impairments, including pulmonary com-
plications, thromboemboli, lymphedema, and loss of shoul-
der mobility. Recommendations for reducing the risk of

CHAPTER 26 Management of Lymphatic Disorders 1031

BOX 26.6 MANAGEMENT GUIDELINES—
After Surgery for Breast Cancer

Potential Postoperative Structural and Functional Impairments
Pulmonary and circulatory complications

Lymphedema

Restricted mobility of the upper extremity

Postural malalignment

Weakness and decreased functional use of the upper extremity

Fatigue and decreased endurance for functional activities

Emotional and social adjustments

Plan of Care Interventions

1. Prepare the patient for postoperative self-management

2. Prevent postoperative pulmonary complications and
thromboemboli

1. Interdisciplinary patient education involving all aspects
of potential impairments and functional limitations

   Self-management activities and preparation for
participation in a home program as indicated per
surgical protocol

2. Pre- or postoperative instruction in deep breathing,
emphasizing maximal inspirations and effective
coughing

   Active ankle exercises (calf-pumping exercises)

Continued
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BOX 26.6 MANAGEMENT GUIDELINES—
After Surgery for Breast Cancer—cont’d

Plan of Care Intervention

3. Minimize postoperative swelling

4. Identify and treat early signs of lymphedema should 
it develop

5. Prevent postural deformities

6. Prevent muscle tension and guarding in cervical 
musculature

7. Prevent restricted mobility of the upper extremity

8. Regain strength and functional use of the involved 
extremity

9. Improve exercise tolerance and sense of well-being; 
reduce fatigue

10. Provide information about resources for patient and 
family support and ongoing patient education

PRECAUTIONS: Observe the incision and sutures carefully during exercises. Avoid any undue tension on the incision
or blanching of the scar during shoulder ROM. Avoid exercises with the involved arm in a dependent position. Progress
graded exercise program slowly, particularly if the patient is receiving adjuvant therapy. Consider other adjuvant
therapies when designing an exercise program.

3. Elevation of the involved upper extremity on pillows
(about 30°) while the patient is in bed or sitting in a
chair
Squeeze a ball on the operative side to produce a
pumping action in the muscles
Early ROM exercises

PRECAUTION: Avoid static, dependent positioning
of the arm

4. Manual lymphatic drainage massage
Daily regimen of exercises to include flexibility and
strengthening exercises
Compression therapy (low-stretch compression
bandaging and/or compression garments)
Adherence to lymphedema risk-reducing behaviors
(see Box 26.3)

5. Posture-awareness training; encourage the patient to
assume an erect posture when sitting or standing to
minimize a rounded shoulder posture
Posture exercises with an emphasis on scapular
retraction exercises

6. Active ROM of the cervical spine to promote
relaxation
Shoulder shrugging and shoulder circle exercises
Gentle massage to cervical musculature

7. Shoulder motion performed within protected ROM,
usually no more than 90° of elevation of the arm until
after removal of drains
No repetitive motion until drains removed

8. Initiate resistance exercise following full postoperative
healing. Consider exercise parameters if patient is at
risk for lymphedema or has lingering weakness in the
involved extremity

9. Graded, low-intensity aerobic exercise such as
walking or cycling

10. Resources: American Cancer Society for family
support and ongoing patient education (www.
cancer.org); National Breast Cancer Coalition
(www.nobreastcancer.org); National Lymphedema
Network (www.lymphnet.org)
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lymphedema or for self-management if it develops is re-
viewed with the patient (see Box 26.3). Following surgery,
once the drains are removed, an exercise program can then
be individualized based on a patient’s surgical procedure and
anticipated adjuvant treatments.

Exercise. The postoperative exercise program focuses on
three main areas: improving shoulder function, regaining an
overall level of fitness, and reducing the risk of or managing
lymphedema. Early, but protected, assisted or active ROM of
the shoulder is the key to restoring shoulder mobility. Post-
operative risks that contribute to restricted shoulder mobility
were summarized previously (see Box 26.5).1,19,56,82,85 These
risks are highest during the early postoperative period until
drains have been removed and the incision has healed.

CLINICAL TIP
Radiation therapy to the axillary and breast areas can delay
wound healing beyond the typical 3- to 4-week period.1,56

Even after initial healing of the incision, the scar has a ten-
dency to contract and can become adherent to underlying
tissues, which, in turn, can restrict shoulder motion. Be-
cause radiation changes can occur months following treat-
ment, educating the patient to continue with ROM and
flexibility exercises should be encouraged. Deep-breathing
exercises should also be performed regularly if the chest
wall was included in the radiation field.121

Although strengthening exercises and aerobic conditioning
are important for upper extremity function and total body
fitness, considerations should be taken in an exercise pro-
gram. Programming considerations may include the type 
of chemotherapy given and the specific side effects of the
drugs. For example, some chemotherapy can cause peripheral 
neuropathy, proximal muscle weakness, and differing fatigue
patterns.61,88 Exercises must be progressed gradually, excessive
fatigue must be avoided, and energy conservation must be
emphasized. Exercise precautions for a patient undergoing
treatment are noted in Box 26.7.6,19,72,85,88,98

Early intervention for reducing the risk of lymphedema
and upper extremity mobility impairments is often advocated
by therapists and suggested in descriptive articles in the liter-
ature. However, patients often are not referred for postoper-
ative rehabilitation until after impairments and activity
limitations have developed. This may be due to concerns
raised in the literature34 that early postoperative ROM could
delay wound healing or that exercises, if performed too vig-
orously, could initiate or exacerbate lymphedema. In addition,
few studies have rigorously investigated the efficacy of specific
interventions or rehabilitation protocols.82,126 A recent review
of the literature on exercise and cancer-related lymphedema
revealed, however, that exercise neither worsened pre-existing
lymphedema nor was associated with a significant increase in
the occurrence of lymphedema.6

From the information available in the literature, the fol-
lowing recommendations for exercise are made:*

■  Integrate ROM, flexibility, and strengthening exercises into
a patient’s comprehensive plan of care.

■  Implement posture-awareness training and exercise early in
a postoperative program to prevent postural malalignment
and muscle imbalance, especially following mastectomy.

■  Include moderate-intensity aerobic conditioning exercises
to improve fitness and quality of life and to reduce
chemotherapy-related fatigue.

■  Progress all forms of exercise gradually, and teach the pa-
tients individualized exercise parameters based on specific
surgical interventions and adjuvant therapies.

Community and Online Resources
Reach to Recovery is a one-to-one patient education program
sponsored by the American Cancer Society (www.cancer.org).
Representatives of this program, most of whom are breast cancer
survivors, provide emotional support to the patient and 
family, as well as current information on breast prostheses and
reconstructive surgery. The National Lymphedema Network
(www.lymphnet.org) and the National Comprehensive Cancer
Network (www.nccn.org) are other valuable sources of informa-
tion for patients at risk for or who have developed lymphedema.

Exercises for the Management
of Lymphedema

Background and Rationale
As noted previously in this chapter, exercise is just one aspect
of a decongestive lymphatic therapy program. The rationale
for including exercise in the comprehensive treatment of 
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BOX 26.7 Exercise Precautions During
Treatment of Breast Cancer

■ Exercise only at a moderate level and never to the point
that the affected arm aches, throbs, or feels heavy during or
after exercise, even if there is no evidence of lymphedema.

■ Adjust the timing of exercise during cycles of radiation
therapy or chemotherapy. With some chemotherapy
medications, a patient can develop cardiac arrhythmia or
cardiomyopathy.61

■ Avoid exercising 1 to 2 hrs before blood is drawn.
■ Gradually return to a regular pattern of exercise and

recreational activities based on the fitness level prior to
diagnosis and specific side effects of treatment.

■ Be aware of blood counts, including white blood cell count
and hemoglobin and platelet counts when designing
exercise programs.

*5,11,12,13, 17,19,41,48,60,76,80,84,85,91,112,126,127,134,135
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patients with upper or lower extremity lymphedema is to
move and drain lymph fluid to reduce the edema and to im-
prove the functional use of the involved limb or limbs. The
principles and rationale upon which exercises for lymphatic
drainage are based are summarized in Box 26.8.6,84,91,135

The exercises employed in lymph drainage regimens cover
a wide spectrum of therapeutic exercise interventions, specif-
ically deep breathing, flexibility, strengthening, and cardio-
vascular conditioning exercises, combined with a sequence 
of lymphatic drainage exercises. Exercise regimens have been
described in an extensive number of publications.*

No particular combination or sequence of exercises has
been shown to be superior to another. Although an older crit-
ical review of the literature75 indicated that the effectiveness
of exercise regimens for lymph drainage was based primarily
on clinical observations and opinions of experienced practi-
tioners or case reports, there is now an emerging body of 
evidence documenting the efficacy of specific components
of these programs.6.60.80,82,112

Components of Exercise Regimens 
for Management of Lymphedema
Deep Breathing Exercises
Deep breathing is interwoven throughout exercise regimens
for the management of lymphedema. It has been suggested
that the use of abdominal-diaphragmatic breathing assists
in the movement of lymphatic fluid as the diaphragm de-
scends during a deep inspiration and the abdominals con-
tract during a controlled, maximum expiration.19 Changes
in intra-abdominal and intrathoracic pressures create a
gentle, continual pumping action that moves fluids in the

central lymphatic vessels, which run superiorly in the chest
cavity and drain into the venous system in the neck (see 
Fig. 26.1). 

Flexibility Exercises
Gentle, self-stretching exercises are used to minimize soft tis-
sue and joint hypomobility, particularly in proximal areas of
the body that may contribute to static postures and lymph
congestion.

Strengthening and Muscular Endurance
Exercises
Both isometric and dynamic exercises using self-resistance,
elastic resistance, and weights or weight machines are appro-
priate if done against light resistance (initially 1 to 2 lb) and
progressing resistance and repetitions gradually.91 Regardless
of whether lymphedema has developed, it is important to
monitor the circumferential size and the skin texture of the
involved limb closely to determine whether an appropriate
intensity of exercise has been established. Emphasis is placed
on improving endurance and strength of central and periph-
eral muscle groups that enhance an erect posture and mini-
mize fatigue in muscles that contribute to the efficiency of the
lymphatic pump mechanism.

Cardiovascular Conditioning Exercises
Activities such as upper extremity ergometry, swimming,
cycling, and walking increase circulation and stimulate lym-
phatic flow.19,91 Thirty minutes of aerobic endurance exer-
cises complement lymph drainage exercises. Conditioning
exercises are done at low intensity (at 40% to 50% of 
the target heart rate) when lymphedema is present and 
at higher intensities (as high as an 80% level) when the 
lymphedema has been reduced and exercise is otherwise
safe.19,84

 FOCUS ON EVIDENCE
In a randomized, controlled study by Schmitz and associ-
ates,104 weight lifting was studied in a group of 141 breast 
cancer survivors with stable upper extremity lymphedema
over a 1-year period. The exercise intervention consisted 
of progressive weight lifting twice a week and the use of 
a compression sleeve during exercise. The authors of the 
investigation hypothesized that controlled resistance training
could improve the functional ability of the affected arm to
withstand the insults of daily living. Women in the study
ranged from 1 to 15 years following diagnosis. 

The intervention program included cardiovascular as well
as resistance exercise in a controlled and supervised setting.
Exercises were advanced gradually. Results of the study
demonstrated that a program of weight lifting did not ad-
versely affect lymphedema in the study participants. Addi-
tionally, the results showed that when compared with the
control group, women in the intervention (weight-lifting)
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*8,9,19,23-26,58,60,73,75,76,84,85,91,98,102,112,134,135

BOX 26.8 Exercises for Lymphatic Drainage:
Principles and Rationale

■ Contraction of muscles pumps fluids by direct compression
of the collecting lymphatic vessels.

■ Exercise reduces soft tissue and joint hypomobility that can
contribute to static positioning and lead to lymphostasis.

■ Exercise strengthens and prevents atrophy of muscles of
the limbs, which improves the efficiency of the lymphatic
pump.

■ Exercise increases heart rate and arterial pulsations, which
in turn contribute to lymph flow.

■ Exercise should be sequenced to clear the central
lymphatic reservoirs before the peripheral areas.

■ Wearing a compression sleeve or compression bandaging
during exercises enhances lymph flow and protein
resorption more efficiently than exercising without
bandages.
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group reported fewer complaints about their affected arm and
hand and had increased overall muscle strength and fewer
lymphedema exacerbations following completion of the
study.

Lymphatic Drainage Exercises
Lymphatic drainage exercises, often referred to as pumping
exercises, move fluids through lymphatic channels. Active,
repetitive ROM exercises are performed throughout each
session. The exercises follow a specific sequence to move
lymph away from congested areas.19,23,25,26,135 It is similar to
the sequence of massage applied during manual lymph
drainage.67,91,113 In general, the exercises first focus on prox-
imal areas of the body to clear central collecting vessels and
then involve distal muscle groups to begin to move periph-
eral edema in a centripetal direction to the central lymph
vessels. The affected upper or lower extremity or extremities
are held in an elevated position during many of the exer-
cises. Static, dependent postures are avoided. Self-massage
also is interspersed throughout the exercise sequence to fur-
ther enhance drainage. These exercises also maintain mobil-
ity of the involved limbs.

Guidelines for Lymphatic Drainage
Exercises
The patient should follow these guidelines when performing
a sequence of lymphatic drainage exercises. These guidelines
apply to management of upper or lower extremity lym-
phedema and reflect the combined opinions of several 
authors and experts in the field.19,23-25,84,135

Preparation for Lymphatic Drainage Exercises
■  Set aside approximately 20 to 30 minutes for each exercise

session.
■  Perform exercises twice daily every day.
■  Have needed equipment at hand, such as a foam roll,

wedge, or exercise wand.

During Lymphatic Drainage Exercises
■  Wear compression bandages or a customized compression

garment if the patient has lymphedema.
■  Precede lymphatic drainage exercises with diaphragmatic

breathing.
■  Follow a specified order of exercises.
■  Perform active, repetitive movements slowly, about 1 to 

2 seconds per repetition.
■  Elevate the involved limb above the heart during distal

pumping exercises.
■  Combine deep-breathing exercises with active movements

of the head, neck, trunk, and limbs.
■  Initially, perform a low number of repetitions. Increase 

repetitions gradually to avoid excessive fatigue.
■  Do not exercise to the point at which the edematous limb

aches.

■  Incorporate self-massage into the exercise sequence to 
further enhance lymph drainage.

■  Maintain good posture during exercises.
■  When strengthening exercises are added to the lymph

drainage sequence, use light resistance and avoid excessive
muscle fatigue.

Follow-Up to Lymphatic Drainage Exercises
■  Set aside time several times per week for low-intensity 

aerobic exercise activities, such as walking or bicycling for
30 minutes.

■  Carefully check for signs of redness or increased swelling
or reports of aching or throbbing in the edematous limb,
any of which could indicate that the level of exercise was
excessive.

Selected Exercises for Lymphatic
Drainage: Upper and Lower Extremity
Sequences
The selection and sequences of exercises described in this sec-
tion and summarized in Box 26.9 are designed to assist in the
drainage of upper or lower extremity lymphedema. Many of
the individual exercises suggested in lymphedema protocols,
such as ROM of the cervical spine and some of the shoulder
girdle or upper extremity exercises, are not exclusively used
for lymph drainage. They also are used to improve mobility
and strength. Several of the exercises highlighted in this sec-
tion already have been described in previous chapters in this
text. Only those exercises or variations of exercises that are
somewhat unique or not previously addressed are described
or illustrated in this section.

Sequence of Exercises
■  Diaphragmatic breathing is performed prior to lymphatic

drainage exercises.
■  Exercises for lymphatic drainage should follow a particular

sequence to assist lymph flow. The central and proximal
lymphatic vessels, such as the abdominal, inguinal, and cer-
vical nodes (see Fig. 26.1), are cleared first with trunk,
pelvic, hip, and cervical exercises. Then, for the most part,
exercises proceed distally from shoulders to fingers or from
hips to toes. If lymph nodes have been surgically removed
(e.g., with a unilateral axillary node dissection for breast
cancer or a bilateral inguinal node dissection for cancers of
the abdominal or pelvic organs), lymph must be channeled
to the remaining nodes in the body.

NOTE: Because no single sequence of exercises has been
shown to be more effective than another, the upper and lower
extremity sequences of exercises outlined in this section do not
reflect the exercises included in any one specific protocol. Rather,
the exercise sequences are based on the recommendations of
numerous authors.19,23-25.60,80,82,84,112,135 Sequences of exercises
for upper or lower extremity lymphedema are summarized in the
remaining portion of this chapter. Therapists are encouraged to
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modify or add other exercises to the sequences in this chapter
as they see fit to meet the individual needs of their patients.

Exercises Common to Upper and Lower
Extremity Sequences
These initial exercises should be included in programs for
unilateral or bilateral upper or lower extremity lymphedema.
They are designed to help the patient relax and then to clear
the central channels and nodes.

■  Diaphragmatic breathing
■ Have the patient assume a comfortable supine position.
■ Place hands lightly on the abdomen.
■ Inhale deeply through the nose, feeling the abdomen rise

against the hands; exhale by blowing air out of the
mouth, as if blowing through a straw.

■ Perform diaphragmatic breathing periodically through-
out the entire sequence and throughout the day. Avoid
breath-holding and the Valsalva maneuver.

■  Posterior pelvic tilts and partial curl-ups. Perform these
exercises in the supine position with hips and knees
flexed.

■  Unilateral knee-to-chest movements. These exercises are
designed to target the inguinal nodes and are important
even for upper extremity lymphedema.
■ In the supine position, flex one hip and knee and grasp

the lower leg. Pull the knee to the chest. Gently press or
bounce the thigh against the abdomen and chest about
15 times.

■ Repeat the procedure with the opposite lower extremity.
■ If lymphedema is present in only one lower extremity,

initiate the knee-to-chest exercises with the uninvolved
lower extremity.

■  Cervical ROM. Perform each motion for a count of five for
five repetitions.
■ Rotation
■ Lateral flexion

■  Scapular exercises. Perform each exercise for a count of
five for five repetitions. 
■ Active elevation and depression (shoulder shrugs)
■ Active shoulder rolls
■ Active scapular retraction and protraction; with arms at

sides and elbows flexed, bilaterally retract the scapulae,
pointing elbows posteriorly and medially, and then pro-
tract the scapulae

CLINICAL TIP
Be sure to shrug the shoulders as high as possible and then
actively pull down the shoulders (depress the scapulae) as far
as possible.

Exercises Specifically for Upper Extremity
Lymphedema Clearance
The following sequence of exercises is performed after the
general, total body exercises just described. The exercises,
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BOX 26.9 Sequence of Selected Exercises for Management of Upper or Lower Extremity
Lymphedema

Exercises Common to Upper and Lower Extremity Regimens

NOTE: Start an upper or lower extremity regimen with these exercises.
■ Deep breathing exercises
■ Posterior pelvic tilts and partial curl-ups
■ Cervical ROM
■ Bilateral scapular movements

Upper Extremity Exercises
■ Active circumduction with the involved arm elevated while

lying supine
■ Bilateral active movements of the arms while lying supine or

on a foam roll
■ Bilateral hand press while lying supine or sitting
■ Shoulder stretches (with wand, doorway, or towel) while

standing
■ Active elbow, forearm, wrist, and finger exercises of the

involved arm
■ Bilateral horizontal abduction and adduction of the shoulders
■ Overhead wall press while standing
■ Finger exercises
■ Partial curl-ups
■ Rest with involved upper extremity elevated

Lower Extremity Exercises
■ Alternate knee to chest exercises
■ Bilateral knees to chest
■ Gluteal setting and posterior pelvic tilts
■ Single knee to chest with the involved lower extremity
■ External rotation of the hips while lying supine with both legs

elevated and resting on a wedge or wall
■ Active knee flexion of the involved lower extremity while lying

supine
■ Active plantarflexion and dorsiflexion and circumduction of

the ankles while lying supine with lower extremities elevated
■ Active hip and knee flexion with legs externally rotated and

elevated against a wall
■ Active cycling and scissoring movements with legs elevated
■ Bilateral knee to chest exercises, followed by partial curl-ups
■ Rest with lower extremities elevated
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which are performed in a proximal-to-distal sequence, are
done specifically for upper extremity lymph clearance.

CLINICAL TIP
Periodically during the exercise sequence, have the patient
perform self-massage to the axillary node area of the unin-
volved side proceeding from the axilla to the chest.

■  Active circumduction of the arm (Fig. 26.7). While lying
supine, flex the involved arm to 90° (reach toward the ceil-
ing) and perform active circular movements of the arm
about 6 to 12 in. in diameter. Do this clockwise and coun-
terclockwise, five repetitions in each direction.

horizontal abduction and adduction, as well as flexion and
extension of the shoulder. These movements target con-
gested axillary nodes and are done unilaterally. For home
exercises, if special equipment such as an Ethyfoam® roller
is not available, have the patient perform these exercises on
a foam pool “noodle.” Although the diameter is smaller, a
towel or folded sheet can be wrapped around the foam
“noodle” to increase the diameter of the roll.

■  Bilateral hand press. With arms elevated to shoulder level
or higher and with the elbows flexed, place the palms of the
hands together in front of the chest or head. Press the palms
together (for an isometric contraction of the pectoralis
major muscles) while breathing in for a count of five. Relax,
and then repeat as many as five times.

■   Wand exercise, doorway or corner stretch, and towel stretch.
Incorporate several exercises to increase shoulder mobility
and to decrease congestion and assist lymph flow in the upper
extremity. Hold the position of stretch for several seconds
with each repetition. These exercises are described and illus-
trated in Chapter 17.

■  Unilateral arm exercises with the arm elevated. The fol-
lowing exercises are done with the patient seated and the
arm supported at shoulder level on a tabletop or counter-
top or with the patient supine and the arm supported on a
wedge or elevated overhead.
■ Shoulder rotation with the elbow extended. Turn the

palm up, then down, by rotating the shoulder, not simply
pronating and supinating the forearm.

■ Elbow flexion and extension
■ Circumduction of the wrist
■ Hand opening and closing

■  Bilateral horizontal abduction and horizontal adduction.
While standing or sitting, place both hands behind the
head. Horizontally adduct and abduct the shoulders by
bringing the elbows together and then pointing them 
laterally.

■  Overhead wall press. Face a wall; place one or both
palms on the wall with the hands above shoulder level.
Gently press the palms into the wall for several seconds
without moving the body. Relax, and repeat approxi-
mately five times.

■  Wrist and finger exercises. If swelling is present in the wrist
and hand, repetitive active finger movements are indicated
with the arm elevated.
■ After performing the overhead wall press as just de-

scribed, keep the heel of the hand on the wall and alter-
natively move all of the fingers away from and back to
the wall (Fig. 26.9).

■ In the same position as just described, alternately press
individual fingers into the wall, as if playing a piano,
while keeping the heel of the hand in contact with 
the wall.

■ Place the palms of both hands together with the hands
overhead or at least above shoulder level. One finger at
a time, press matching fingers together and then pull
them away from each other.
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FIGURE 26.7 Active circumduction of the edematous extremity. 

FIGURE 26.8 Active shoulder exercises while lying on a firm, 
foam roll. 

PRECAUTION: Avoid pendular motions or circumduction of
the edematous upper extremity with the arm in a dependent
position.

■  Exercises on a foam roll (Fig. 26.8). While lying supine on
a firm foam roll (approximately 6 in. in diameter), perform
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■  Partial curl-ups. To complete the exercise sequence, 
perform additional curl-ups (about five repetitions) with
hands sliding on the thighs.

■  Rest. Rest in a supine position with the involved arm 
elevated on pillows for about 30 minutes after completing
the exercise sequence.

Exercises Specifically for Lower Extremity
Lymphedema Clearance

NOTE: After completing the general lower body, neck, and
shoulder exercises previously described, have the patient
perform self-massage first to the axillary lymph nodes on the
involved side of the body. Then massage the lower abdominal
area superiorly to the waist and then laterally and superiorly to
the axillary area of the involved side. This sequence is repeated
periodically throughout the lower extremity exercise sequence.

■  Unilateral knee-to-chest movements. In the supine posi-
tion, repeat this exercise for another 15 repetitions. If lym-
phedema is present in only one lower extremity, perform
repeated knee-to-chest movements with the uninvolved leg
first and then the involved leg.

■  Bilateral knees to chest. In the supine position, flex both
hips and knees, grasp both thighs, and gently pull them to
the abdomen and chest. Repeat 10 to 15 times.

■  Gluteal setting and posterior pelvic tilts. Repeat five times,
holding each contraction for several seconds and then
slowly releasing.

■  External rotation of the hips (Fig. 26.10). Lie in the supine
position with the legs elevated and resting against a wall or
on a wedge. Externally rotate the hips, pressing the buttocks
together and holding the outwardly rotated position. 
Repeat several times.

■  Knee flexion to clear the popliteal area. While lying in the
supine position and keeping the uninvolved lower extrem-
ity extended, flex the involved hip and knee enough to clear

the foot from the mat table. Actively flex the knee as far as
possible by quickly moving the heel to the buttocks. Repeat
approximately 15 times.

■  Active ankle movements. With both legs elevated and
propped against a wall, or with just the involved leg propped
against a door frame and the uninvolved leg resting on the
floor, actively plantarflex the ankle and curl the toes; then
dorsiflex the ankle and extend the toes as far as possible for
multiple repetitions. Lastly, actively circumduct the foot
clockwise and counterclockwise for several repetitions.

■  Wall slides in external rotation (Fig. 26.11). With the feet
propped up against the wall, legs externally rotated, and
heels touching, slide both feet down the wall as far as pos-
sible and then back up the wall for several repetitions.
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FIGURE 26.9 Overhead wall press. 
FIGURE 26.10 Repeated outward rotation of the hips with legs 
elevated and resting on a wall. 

FIGURE 26.11 Sliding feet up and down a wall with hips externally
rotated. 
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■  Leg movements in the air (Fig. 26.12). With both hips
flexed and the back flat on the floor and both feet pointed
to the ceiling, alternately move the legs, simulating cycling,
walking, and scissoring motions.

NOTE: If lymphedema is bilateral, repeat this exercise with the
other lower extremity.

■  Bilateral knee to chest. Repeat bilateral gentle, bouncing
movements of the legs previously described.

■  Partial curl-ups. To complete the exercise sequence, per-
form additional partial curl-ups, about five repetitions.

■  Rest. With feet elevated and legs propped up against the
wall, rest in this position for several minutes after complet-
ing exercises. Then rest the legs partially elevated on a
wedge, and remain in this position for another 30 minutes.
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FIGURE 26.12 Repetitive walking movements. 

FIGURE 26.13 Hip adduction across the midline to clear inguinal
nodes. 

■  Hip adduction across the midline (Fig. 26.13). Lie in the
supine position with the uninvolved leg extended. Flex the
hip and knee of the involved leg. Grasp the lateral aspect
of the knee with the contralateral hand; pull the involved
knee repeatedly across the midline in a rocking motion.

Independent Learning Activities

Critical Thinking and Discussion
1. You have been asked to participate in a patient education

program at your community’s cancer society for patients
who have undergone treatment for breast cancer. Your re-
sponsibility in this program is to help breast cancer sur-
vivors reduce the risk of physical impairments and
functional limitations associated with their surgery and
any related adjuvant therapies. Outline the components of
such a program, and explain the rationale for the activities
you have chosen to include.

2. A patient has developed lymphedema as a result of a right
mastectomy 5 years ago. She presents to physical therapy
with finger and hand swelling extending proximally to the
upper arm. Elevation has not been effective. The tissue is
pitting in the hand but hard to palpation in the forearm.
Stage this lymphedema and outline a proposed treatment
plan describing the pathways that would be used for MLD. 

3. Describe the anatomy of the lymphatic system. Explain the
terms transport capacity and lymphatic load.

4. Outline the components of CDT and the relationship be-
tween each component. Describe a home management
program that corresponds to CDT.

Laboratory Practice
Perform the sequence of exercises and suggested repetitions
for the exercise plan you have designed for Case 1, Case 2, and
Case 3.

Case Studies
Case 1
Ms. L underwent surgery for metastatic pelvic cancer and
lymphadenectomy (lymph node dissection) 3 months ago.
She also received a series of radiation therapy treatments as
part of her comprehensive oncological management. About
2 weeks ago, she began to notice bilateral swelling in her legs,
most notably in her feet and ankles.

She has been referred by her oncologist to the outpatient
facility where you work to “evaluate and treat” her for her
lymphedema. Describe the examination procedures you
would use in your evaluation, and then develop a plan of care,
including a program of exercise, to help her manage and re-
duce her lymphedema and prevent potential complications
related to the lymphedema.
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Case 2
Mrs. B is a 50-year-old female who recently underwent a
lumpectomy and axillary lymph node dissection. She is 
referred to physical therapy following the removal of her 
surgical drain. She will be starting chemotherapy shortly, 
followed by a course of radiation therapy. She reports that
prior to her diagnosis and surgery, she was an active individ-
ual who enjoyed a variety of recreational activities, including
swimming, doubles tennis, and camping, and would like to
return to those activities as soon as possible. Design a post-
operative exercise program taking into consideration the 
upcoming chemotherapy and radiation therapy.

Case 3
Ms. H is a 33-year-old female recently diagnosed with stage II
breast cancer on her dominant side. Her physician has rec-
ommended a mastectomy based on the location and size of
the tumor. Ms. H would prefer to conserve her breast but is
advised that a lumpectomy would leave her with a less than
optimal cosmetic outcome. She is now considering the fol-
lowing options: latissimus dorsi flap, TRAM flap, DIEP flap,
or tissue expander with eventual permanent implant. Design
a postoperative rehabilitation program for each surgical 
reconstruction procedure. 
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Note: Page numbers followed by f indicate figures; t, tables.

2,3-Diphosphoglycerate (DPG), 251
6-Minute Walk Test, 949t
30-Second Sit to Stand test, 949t, 950

A
A band, 92f
A-AROM. See Active-assistive range of motion

(A-AROM)
ABC (Activities Specific Balance Confidence)

Scale, 273, 274t
Abdominal bracing, 517, 517f, 518, 528–529
Abdominal hollowing exercise, 517–518, 

517f–518f
Abdominal muscles

electromyography of, 424
exercises after cesarean delivery, 1011
lumbar stabilization with limb loading for, 523,

523t, 524f–527f, 525t, 526–528
in pregnancy, 986
spinal stabilizing and, 424, 424f
strengthening exercises for, 531–534, 532f–534f

Abductor digiti quinti muscle of foot, 392f
Abductor digiti quinti muscle of hand, 388f
Abductor hallucis muscle, 381, 392f
Abductor pollicis brevis muscle, 388f, 661f, 708
Abductor pollicis longus muscle, 389f, 661f, 

707, 708
Ability limitation. See also Functional limitations
Abrasion arthroplasty, 374, 780
AC joint. See Acromioclavicular (AC) joint
AC (agonist contraction) procedure, 104–105

hold-relax with, 105
Accessory movements, 128–132
Accommodating resistance exercise, 184, 193. See

also Isokinetic exercise
Ace™ wraps, 1025–1026
Acetabulum, arthroscopic procedures for, 725, 726t
Achilles tendon, 853

surgery for rupture of, 880–888
complications following, 881–882
exercise after, 884–887
indications for, 880, 881
open vs. percutaneous repair, 888
outcomes of, 887–888
postoperative management of, 882–887
procedures for, 881
rehabilitation following, 884–887

tendinitis or peritendinitis of, 869
ACL. See Anterior cruciate ligament (ACL)
Acromioclavicular (AC) joint, 140f, 547f, 548

anterior glide of, 144, 144f
arthrokinematics of, 548
hypomobility of, 558
overuse syndromes of, 558
stability of, 548
subluxations or dislocations of, 558
surgical stabilization of, 594

Acromioclavicular ligament, 140f, 547f
Acromion, 144, 548f, 550f, 568, 569f

Acromioplasty, 574, 574f
Active inhibition, 85
Active insufficiency, 61
Active range of motion (AROM), 62. See also

Range of motion (ROM)
application of, 64
goals for, 62
indications for, 62
limitations of, 63
precautions and contraindications to, 63
during soft tissue healing, 328
transition from passive ROM to, 64

Active-assistive range of motion (A-AROM), 62
knee, 776, 788
shoulder, 596

Activities of daily living (ADLs)
functional patterns for teaching, 80
after hip fracture, 747
limitation of, 5t, 6, 8–9, 8f
of older adults, 945
after rotator cuff repair, 580
after shoulder replacement 

arthroplasty, 563t, 564
spinal problems and, 454, 455
within taxonomy of motor tasks, 28, 

29f, 30
after total elbow arthroplasty, 640
after total hip arthroplasty, 734

Activities-Specific Balance Confidence (ABC)
Scale, 273, 274t

Activity(ies). See also Physical activity
classification of, by energy expenditure, 249
definition of, 8

Acupressure, 86
Acute stretching, 87
Adaptation, 247

to cardiac rehabilitation, 258–259
to resistance exercise, 176–178, 176t

Adductor brevis muscle, 391f
Adductor hallucis muscle, 392f
Adductor longus muscle, 391f
Adductor magnus muscle, 390, 391f, 392f
Adductor pollicis muscle, 388f, 661f

self-stretching of, 705, 705f
Adenosine triphosphate-phosphocreatine 

(ATP-PC) system, 248
Adherence to exercise program, 35, 37, 

53, 57t
Adhesions, 322

chest wall, in breast cancer, 1029–1030
manipulation under anesthesia for breaking

of, 129
of tendons in hand

after extensor tendon repair, 697, 698
scar tissue mobilization for, 704
after tendon repair, 689

Adhesive capsulitis of shoulder (frozen
shoulder), 552, 553

ADLs. See Activities of daily living (ADLs)
Administration, 48

Adolescents. See also Children
muscle performance of, 173, 174
physical activity recommendations 

for, 51
resistance training for, 225, 225f, 226

Adson maneuver, 403
Advanced functional training, 895–935

balance/stabilization exercises, 906–912
strengthening exercises, 912–921
stretch-shortening drills, 921–935

Aerobic exercise
for adults age 18 to 65, 254
aquatic, 300, 314–316, 315f, 779
after breast surgery, 1033
for children, 254, 260–261
circuit training, 256
circuit-interval training, 256
continuous training, 255–256
cool-down after, 256
for deconditioned person and patient with

chronic illness, 259–260
duration of, 254
energy systems and, 248–250
in fibromyalgia, 346
frequency of, 252–253
guidelines for training program, 255, 260
after hip fracture, 747
intensity of, 253–254
interval training, 256
for knee function, 839
for older adults, 254, 261–262, 951
in osteoarthritis, 344
in osteoporosis, 349
for painful hip syndromes, 750
for patient with coronary artery 

disease, 257–259
physiological responses to, 250–251, 

256–257
in postpartum period, 1009
during pregnancy, 999–1001

fetal responses, 1001–1002
maternal responses, 999–1000

principles for, 536
program for, 255–256
progression of, 254
reversibility principle for, 254
in spinal rehabilitation, 459, 494t, 495
spine-related effects of, 536–538
terms and concepts related to, 246–248
testing as basis for, 251–252

fitness testing of healthy subjects, 251
stress testing, 251–252, 251f

trendy, 538
type of, 254
volume of, 254
warm-up for, 255
for young adults, 261

Aerobic power, 168
Aerobic system, 249
Affordable Care Act, 44
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Age/aging. See also Older adults
aerobic conditioning programs and, 260–262
body systems and impact of, 941–944
collagen changes and, 91
flexibility and, 109
hip fracture and, 743, 744, 745, 747
impaired balance and, 273
intervertebral disc injuries and, 445
primary and secondary, 942
resistance exercise and

frequency, 183
muscle performance, 172–175

stages of, 940
Agonist contraction (AC) procedure, 104–105

hold-relax with, 105
Alignment

gravity and, 179
of patella, 771–772, 771f
patellar, 771–772, 771f
postural, 422, 422f
for resistance exercise, 178–179, 179f
for stretching, 95–96, 96f

All fours stretch, 752, 752f
Allografts, 370

osteochondral, 374, 780, 781
Alpha motor neurons, 94, 383
Alveolar ventilation, 251
Ambulation. See Walking
American Academy of Pediatrics, 172
American Cancer Society Reach to Recovery

program, 1033
American College of Sports Medicine 

(ACSM), 49, 172, 246
“Exercise is Medicine”® initiative, 948

American Physical Therapy Association 
(APTA), 4

“Choose Wisely” initiative, 946
clinical practice guidelines, 6, 14
survey on evidence-based practice, 13
vision statement, 46

Anaerobic capacity, 261
Anaerobic glycolytic system, 248–249
Anaerobic power, 168
Anal sphincter, external, 988f
Anconeus muscle, 389f

in elbow extension, 626
strengthening exercises for, 648–649

Anesthesia, manipulation under, 129
glenohumeral joint, 557–558

Angina, exertional, 248
Ankle, 849–889. See also Foot; specific joints

aquatic strengthening exercises for, 311f
arthrodesis of, 377, 377f, 865–868
bones and joints of, 160f, 850, 850f, 851–853

arthrokinematics of, 852–853
exercise techniques for, 888–894

aquatic strengthening exercises, 311
functional progression of, 893–894, 894f
to improve muscle performance and

functional control, 890–894, 890f–894f
to increase flexibility and range of motion,

888–890, 889f
exercises for lymphedema, 1038
functional relationships between hip motion

and, 719
in gait, 854
gravitational line at, 853

gravity line at, 422, 422f
inversion injury of, 871–874
joint hypomobility at, 855–858
ligaments of, 851–853, 852f

injuries of (sprain), 871–880
manual stretching of specific muscles 

of, 122
mechanical instability of, 874
motions of, 850–851
muscle function in, 853
osteoarthritis at, 855–856
overuse syndromes of, 867–870
PNF diagonal patterns for, 216t
post-immobilization stiffness of, 855
range of motion techniques for

self-assisted, 76, 76f
rheumatoid arthritis at, 855–856
structural relationships of, 853
surgery for disorders of, 858–868

Achilles tendon rupture, 880–888
arthrodesis, 865–868
complete lateral ligament tears, 

874–878, 875f
total ankle arthroplasty, 859–865, 860f

Ankle dorsiflexion
aquatic, 311
balance exercise for, 283f
exercises for increasing, 888–889, 889f
during gait, 854
manual resistance exercise for, 215, 215f
manual stretching techniques for, 122, 122f
mobilization with movement for, 858, 858f
muscles controlling, 854
open-chain strengthening exercises 

for, 891–892, 891f, 892f
range of motion techniques for, 71, 71f
with slump-sitting, 401, 401f
straight-leg raise with, 400, 400f

Ankle inversion/eversion
exercises for increasing, 889, 889f
during gait, 853, 854
inversion injury (sprain), 871–874
manual resistance exercise for, 215

aquatic, 311
manual stretching techniques for, 122
open-chain strengthening exercises 

for, 891–892, 891f, 892f
range of motion techniques for, 71, 72f

Ankle joint. See Talocrural (ankle) joint
Ankle plantarflexion

aquatic strengthening of, 313f
balance exercise for, 282f
exercises for increasing, 889
manual resistance exercise for, 215, 215f

aquatic, 311
manual stretching techniques for, 122
mobilization with movement for, 

857–858, 857f
muscles controlling, 853

during gait, 854
open-chain strengthening exercises 

for, 891–892, 891f, 892f
stretching of, 888–889, 889f

range of motion techniques for, 71
with straight-leg raise, 400
tightness in, 772

Ankle pumping exercises, 788
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Ankle sprains
balance training for, 287–288, 288f
management of, 870–871

Ankle strategy, 267f, 268, 856
Ankylosing spondylitis, 473
Annular ligament of elbow, 624f, 625
Annulus fibrosus, 420, 421f

breakdown of, 444–445, 445f
Antebrachial cutaneous nerve(s), 387f
Anterior acromioplasty. See Subacromial

decompression
Anterior cervical disc fusion (ACDF), 466
Anterior cruciate ligament (ACL), 770f, 771

eccentric exercise following, 190
female athletes, injuries in, 806–807
mechanisms of injury of, 805, 805f
meniscal tear with injury of, 805, 806f
nonoperative management of injury 

of, 807–810
“potential coper/non-coper,” 807–808
reconstruction of, 781

background, 810–812
closed-chain exercise following, 198
complications of, 813, 814
criteria for return to high-demand 

activities, 821
eccentric exercise following, 190
exercises after, 817–820
grafts and fixation for, 813–814
indications and contraindications for, 812
outcomes of, 820–822
postoperative management for, 814, 

815–816t, 816–821
procedures for, 812–814

strain of, 719
in total knee arthroplasty, 782, 783
training programs for injuries of, 288

Anterior pillar of spine, 418, 418f
Anticipatory balance control, 267, 280, 280f
Anticipatory postural control tests, 275–276, 275t
Apley compression/distraction test, 824
Apophysitis, at knee, 793
APTA. See American Physical Therapy

Association (APTA)
Aquatic exercise

for aerobic conditioning, 300, 314–316, 315f
for ankle/foot hypomobility, 857
closed-chain exercise and, 200
contraindications to, 297
definition of, 295
equipment for, 301–303, 301f–303f, 316
goals of, 296
for knee hypomobility, 779
land exercise, compared, 298
for osteoarthritis, 343, 968
pools for, 300–301, 300f, 301f, 303
precautions for, 296–297
properties of water related to, 297–299
for spinal problems with non-weight-bearing

bias, 460
for strengthening, 307–314, 308f–313f, 314t
for stretching, 303–307, 304f–307f
water temperature for, 299–300

Arm. See Elbow; Forearm; Shoulder; Upper
extremity; Wrist

Arm slide, 610
AROM. See Active range of motion (AROM)
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Arteriovenous oxygen difference, 261, 262
Arthritis, 336

ankle and foot, 855–856, 857, 859f, 860f
at elbow, 630
at forefoot, 339f, 856
at hip, 338f, 342f
joint protection, promotion of, 629
at knee, 342f
osteoarthritis, 341–344, 341f, 342f, 552

of knee, 775–776
posttraumatic, 667–668, 776
rheumatoid, 337–341, 337t

foot, 339f
hip, 338f, 717
knee, 775, 776, 779

at shoulder, 552–553
signs and symptoms of, 336–337, 337t
surgical interventions for, 373–377
at thumb, 679
total elbow arthroplasty for, 633
total joint replacement arthroplasty 

in, 375–376, 375f
traumatic, 552

Arthrodesis, 376–377, 377f, 377t
ankle and foot, 377, 377f, 865–868
elbow, 377, 377t, 630
hip, 725
knee, 780
optimal positions for, 377, 377t
spine, 377f, 377t
of thumb, 668, 680
triple, 866
wrist and hand, 668

Arthrogenic contracture, 84
Arthrokinematics, 129–132

carpometacarpal joints, 659
elbow, 624
forearm, 625
glenohumeral joint, 140, 140f
hand joints, 659, 670
hip, 716
humeroradial articulation, 624
humeroulnar articulation, 624
interphalangeal joints of foot, 852
interphalangeal joints of hand, 660
joint motions, 129–132
metacarpophalangeal joints, 659
metatarsophalangeal joints, 852
midcarpal joint, 658–659
radiocarpal joint, 658
radioulnar joint, 625
sternoclavicular joint, 549
subtalar joint, 852
talocrural joint, 852
talonavicular joint, 852
tibiofemoral joint, 771
transverse tarsal joint, 852–853
wrist joint, 658–659

Arthroplasty, 375–376, 375f
abrasion, 374
ankle (See Total ankle arthroplasty (TAA))
carpometacarpal joint of thumb, 679–682
complications in, 632
elbow, 630, 631–633 (See also Total elbow

arthroplasty (TEA))
excision (resection), 375

with implant, 375

glenohumeral joint, 559–567
hip, 375, 375f, 727–739, 727f (See also Total 

hip arthroplasty (THA))
interposition, 375, 630
joint replacement, 375 (See also Total joint

replacement arthroplasty)
knee, 781–792 (See also Total knee 

arthroplasty (TKA))
metacarpophalangeal joint, 671–676
minimally invasive vs. traditional, 376
proximal interphalangeal joint, 676–679
shoulder, 559, 562–563t
wrist, 668–671 (See also Total wrist

arthroplasty)
Arthroscopy, 369

abrasion arthroplasty, subchondral drilling,
and microfracture, 374

joint débridement, 373
rotator cuff repair, 577
subacromial decompression, 573–576

Arthrosis, 336, 665
Articular cartilage

erosion of, 338f
procedures for, 373–374

at hip, 724–725
at knee, 780–781, 782, 798

Assisted stretching, 85
Assistive devices, 281, 343
Associative stage of motor learning, 31, 36
Athletics. See Sports participation
Atlanto-axial (AA) joint, 419, 420f, 450
ATP-PC system, 248
Atrophy, 93, 182
Attention to task, 31, 175

for balance training, 277
divided, 273

Augmented feedback, 33–34, 34f, 35
Autogenic inhibition, 95
Autogenic relaxation training, 110
Autografts, 370

bone-patellar tendon-bone, 813
osteochondral, 374, 780–781
semitendinosus-gracilis, 813

Autologous chondrocyte implantation, 374, 781
at knee, 780

Automatic postural reactions, 267, 268, 268t
Automobiles, getting in and out of, 538
Auto-mobilization, 128
Autonomic nervous system, 383
Autonomous stage of motor learning, 31, 36
Awareness through movement, 110. See also

Mindfulness
AWS (axillary web syndrome), 1030, 1030f
Axial extension

activation and training of muscles controlling,
516–517, 516f–517f

to decrease forward head posture, 435, 435f
for disc lesion, 465
isometric exercises for, 529, 529f
manual stretching for, 498, 498f
self-stretching for, 498

Axillary artery, 402f
Axillary lymph node dissection, 1021, 1027, 1028
Axillary nerve, 386, 387f
Axillary vein, 402f
Axillary web syndrome (AWS), 1030, 1030f
Axolemma, 383

Axon, 383, 383f, 394f
Axonotmesis, 394f

B
Back

flat low-back posture, 430f, 431
flat upper-back and neck posture, 430f, 432
low back pain (See also Spinal problems)

fat content in multifidus, 425
manual therapy, 133
self-report questionnaires, 454
training programs for, 288
workplace, 438

muscles of, 426f
postural back pain in pregnancy, 996
rotation, with a load, 542
round, with forward head, 430f, 431
in scoliosis, 432–433, 432f
swayback, 430f, 431

Balance
assessment tools for, 274–276, 275t
closed-chain exercise and, 199
as component of physical function, 2f
definition of, 2, 264
definitions related to, 264–265
fall-risk assessment tools and, 273, 274t

Balance board, 30, 30f, 237. See also Wobble
board

Balance control
ankle strategy in, 856, 858
automatic postural reactions for, 267, 268, 268t
dynamic, 267, 278, 279f
influence of hip joint on, 716
interactions of nervous and musculoskeletal

systems and contextual effects 
for, 265, 266f

motor strategies for, 267–269, 267f
movement systems for, 268, 268t
with perturbed standing, 269, 515
precautionary measures to address factors

affecting, 281
regaining after total knee arthroplasty, 788, 789
sensory systems and, 265–267
during stance, 269
static, 267, 277, 277f, 278f
types of, 267
in unperturbed human gait, 272
during whole-body lifting, 269–271, 270f, 271f

Balance Error Scoring System (BESS), 275t, 
276, 287

Balance Evaluation Systems Test (BESTest), 
275t, 276

Balance impairment
with aging, 273
in arthritis, 337
due to biomechanical and motor deficits, 

272–273
due to sensory input deficits, 272
due to sensory processing deficits, 272
examination and evaluation of, 274–276
medication-induced, 273–274

Balance training, 515. See also Fall prevention
advanced functional training, 906–912
for ankle and foot disorders, 858
for ankle sprains, 287–288, 288f
for anterior cruciate ligament injuries, 288

Index 1045
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for anticipatory balance control, 280, 280f
circuit training program, 284–285, 286t
for dynamic balance control, 278, 279f
evidence-based programs for older adults,

281–287
factors to consider for, 276–277
for fall prevention, 962, 964f
during functional activities, 280, 281f
for hip disorders

hip fracture, 744–745
total hip arthroplasty, 736

for knee disorders, 839–840
after anterior cruciate ligament

reconstruction, 819
ligament injury, 810
after meniscal repair, 828

for low back pain, 288
for older adults, 952
in osteoarthritis, 344
Otago home exercise program, 282, 

282f–284f, 283
program with strengthening, walking, and

functional activities, 284, 285
progressing exercises, parameters for, 906t
for reactive balance control, 280
safety during, 277
for sensory organization, 280
for static balance control, 277, 277f, 278f
Tai Chi, 286–287, 287f

Ball “walk out,” 916, 917f
Ballistic (high-velocity) stretching, 98, 99–100, 109
Ball(s), 236

balance while standing and catching, 278f, 280f
for cervical stabilization, 522, 523f
curl-ups on, 532, 532f
exercises for older adults with, 958f
kicking, 932
for push-ups with trunk stabilization, 539, 539f
rolling of, 595
for shoulder girdle rehabilitation, 616t
sit-to-stand from, 932, 932f
for spinal stabilization, 527, 527f
stability, 236
for strengthening cervical and upper thoracic

flexors and extensors, 530, 530f
trunk flexion with, 534, 534f
wall slides with, 539–540, 540f, 761, 761f
weighted, 230f
weighted ball, bouncing a, 927, 927f

“Bamboo” spine, 450
Band walking, 920–921, 921f
Bandages, compression, 1025–1026, 1026f
Bankart lesion, 584, 584f

repair of, 587, 590
reverse repair, 591

BAPS (Biomechanical Ankle Platform 
System), 237

Base of support (BOS), 264
Bed rest. See also Immobilization

deconditioning effects of, 248, 1012
effects on intervertebral discs, 461
for fracture healing, 352
in high-risk pregnancy, 1012

Behavior change
readiness for, 49–51, 51f
theories of, 50
therapist’s promotion of, 46–47

Behaviors, risky, 44
Berg Balance Scale, 274t, 275t, 276
BESS (Balance Error Scoring System), 275t, 

276, 287
BESTests, 273, 275t, 276
Bibliography, online, 14
Biceps brachii muscle

in elbow flexion, 625
in forearm supination, 626
strengthening exercises for, 614, 648, 648f
stretching of, 646, 646f
technique for elongation of, 67, 67f

Biceps brachii tendon, 548f
Biceps curls, 614
Biceps femoris muscle, 390
Bicipital tendinitis, 569
Bicycling. See Cycling
Bifurcate ligament of ankle, 851f
Biodex isokinetic dynamometer, 193f
Biofeedback

as adjunct to stretching, 112
in deep segmental muscle activation and

training, 515–516, 516f, 518
for pelvic floor dysfunction, 994

Biomechanical Ankle Platform System (BAPS), 237
Blocked practice, 32
Blood pressure

aerobic exercise and, 256
age and, 261, 262
in pregnancy, 986

preeclampsia, 1012
systolic, 250

Blood supply to muscles, 170, 270
Blood volume

aerobic exercise and, 256
deconditioning and, 259
in pregnancy, 986

BMD (bone mineral density), 177–178, 347, 349
BMI (body measurement index), 969
Body functions and structures

in ICF framework, 5f, 5t, 6–7
impairments of, 6, 7–8

Body measurement index (BMI), 969
Body mechanics

functional exercises for safe, 437
integration of kinesthetic training with, 496
teaching of, 540–541
of therapist, for manual resistance exercise, 208

Body systems review, 17, 17t, 18
Body weight

exercise load as percentage of, 181
shifting weight and turning, 540
as source of resistance during exercise, 184, 184f

equipment, 236–237, 236f
BodyBlade®, 198, 235–236, 235f, 616t
Bone mineral density (BMD), 177–178, 347, 349
Bone(s)

of ankle and foot, 850, 850f
of elbow and forearm, 145–146, 146f, 624, 624f
fracture of, 350–351, 350f, 351f

healing after, 351–352
internal fixation of, 352, 377–378

heterotopic formation of, in elbow region, 628
of hip and pelvis, 154f, 715, 715f
of knee and leg, 156f, 770, 770f
motions of bone surfaces in joints, 129–131,

130f–131f

1046 Index

osteoporosis of (See Osteoporosis)
osteotomy, 378–379, 780
resistance exercise and adaptation 

of, 177–178
of shoulder, 140f, 547f
of wrist and hand, 658, 658f

Borg CR10 scale, 181, 960, 1001
BOS (base of support), 264
BOSU®, 30, 30f, 237, 616t
Bottom hand, 64
Bouchard’s nodes, 342
Bouncing a weighted ball, 927, 927f
Bounding, 932, 933f
Boutonnière deformity, 664, 664f, 696

proximal interphalangeal implant arthroplasty
for, 678

Bowstring effect
in extensor tendons of hand, 696
on patella, 771, 771f, 773, 775

Brachial cutaneous nerve(s), 387f
Brachial plexus, 384–385, 386f, 387f

compression in thoracic outlet, 384, 552
injuries of, 384–385

Brachialis muscle, 389f
in elbow flexion, 625
injury of, 628
myositis ossificans in, 641
strengthening exercises for, 648, 648f

Brachioradialis muscle, 389f
in elbow flexion, 625–626
in forearm supination, 626
strengthening exercises for, 648, 648f

Bracing. See also Immobilization; Splinting
ankle/foot, 856

after Achilles tendon repair, 882–885
after repair of lateral ligament tear, 876

in carpal tunnel syndrome, 406, 407, 408
knee

after anterior cruciate ligament
reconstruction, 814, 816, 821–822

after articular cartilage repair, 782
for ligament injuries, 809
after ligament injury, 809
after meniscal repair, 826–827
after posterior cruciate ligament

reconstruction, 822–823
after nerve injury, 395
after spinal surgery, 467

Breast cancer
breast reconstruction after, 1028, 1029t
lymphedema and, 1027–1028
post-surgery management guidelines, 

1031–1032
radiation therapy, 1028–1029
surgical procedures for, 1028
treatment-related impairments and

complications in, 1029–1031
Breathing

bi-basilar, 405
after cesarean delivery, 1012
effects on posture and stability, 428
during labor, 1008
mindful, 54, 55
in thoracic outlet syndrome, 404, 405

Breathing exercises
diaphragmatic breathing, 1036
for lymphatic drainage, 1036
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Bridging exercise, 533–534, 533f, 760, 760f
modified, 539, 539f
in pregnancy, 1007

Broström-Gould procedure, 875
Bruce protocol, 252
Brunnstrom, S., 195
Buffer, 11
Bulbocavernosus muscle, 988f
Buoyancy, 297, 297f

center of, 299, 299f
Buoyancy-assisted (BA) stretching, 306–307
Buoyancy belts, 301, 302f
Buoyancy resisted exercise, 307
Buoyancy supported exercise, 307
Burnout. See Overtraining
Bursectomy, 574
Bursitis, 322

ischiogluteal, 748
prepatellar, 793
psoas, 748
subacromial/subdeltoid, 569
trochanteric, 748

Butler, David, 383
Buttock region, referred pain to, 721

C
Cable tensiometry, 181
CAD (coronary artery disease)

aerobic conditioning program for patient 
with, 257–259

risk assessment for, 49, 50
Calcaneal nerves, 391

injury of, 854
Calcaneocuboid joint, 852

arthrodesis of, 866
Calcaneofibular ligament, 851, 851f

injury of, 870–871
Calcaneus, 160f, 850, 850f
CAM (controlled ankle motion) 

orthosis, 882–884, 885
Cancellous bone, healing of, 352
Cancer

lymphastic dysfunction and 
breast, 1027–1033

in older adults, 969–971
Cane use

partial lunge with, 762, 762f
after total hip arthroplasty, 736
after total knee arthroplasty, 787

Capsular pattern, 336
Capsulolabral reconstruction, 372
Capsulorrhaphy (capsular tightening)

glenohumeral joint, 372, 387–388, 591
hip, 725, 726t

Car, getting in and out of, 538
Carbon dioxide, 251
Cardiac output

aerobic exercise and, 256
age and, 261
deconditioning and, 259
in pregnancy, 986

Cardiac rehabilitation, 257–259
Cardiac reserve, 943
Cardiopulmonary disease

aquatic exercise and, 296
resistance training and, 207

Cardiopulmonary endurance (fitness)
as component of physical function, 2f
definition of, 2, 168
high-impact activities for, 782
in pregnancy, 999
in spinal rehabilitation, 494t, 495

Cardiopulmonary fatigue, 171
Cardiopulmonary fitness, 858, 878
Cardiorespiratory endurance training. See

Aerobic exercise
Cardiovascular conditioning

after knee injuries, 810
for lymphedema, 1034
rehabilitation program, 255–256
after spinal injury, 459, 495

Cardiovascular system
of children, 260–261
common impairments of, 7
effects of deconditioning, 259
of older adults

importance of exercise, 946–947
in pregnancy, 986
response to exercise, 247, 250

aerobic exercise, 256–257
changes with training, 256–257
deep-water walking/running, 315
resistance exercise, 177

of young adults, 261
Carpal bones, 664. See also Wrist

mobilization techniques for, 151–152, 151f
Carpal tunnel, 405, 405f
Carpal tunnel syndrome (CTS), 405

etiology of, 405–406
examination of, 406
impairments and functional limitations 

in, 406
median nerve-gliding exercises for, 407, 407f
nonoperative management of, 406–408
in pregnancy, 997–998
rheumatoid arthritis and, 664
surgery and postoperative management of,

408–409
tendon-gliding exercises for, 407

Carpometacarpal (CMC) joint(s), 658f, 659
arthrokinematics of, 659
corresponding muscles of actions of, 660t
of digits 2-5, 659
mobilization techniques for

distraction, 152, 152f
volar glide, 152

range of motion techniques for cupping and
flattening arch of hand at, 68, 68f

stretching of, 117
of thumb, 658f, 659

arthrodesis of, 668, 680
arthroplasty of, 679–682

complications, 682
exercise after, 681–682
outcomes of, 682
postoperative management, 680–681
procedures for, 679–680

mobilization techniques for, 152–153, 153f
Cartilage

classification of lesions of, 780
degeneration of, 342

Catch and throw/throw and catch 
exercises, 925–929

Cellulitis, 1022
Center of buoyancy, 299, 299f
Center of gravity (COG), 264, 422, 986–987
Center of mass (COM), 264
Center of mass (COM) shift, 269–270
Center of pressure (COP), 265
Centers for Medicare and Medicaid 

Services (CMS)
functional outcome measures, 19

CENTRAL (Cochrane Central Registry of
Controlled Trials), 14

Central nervous system, 268, 268t, 383
Centralization, 447, 448f
Cervical and thoracic extensors

activation and training of, 516–517, 517f
cervical stabilization with limb loading for,

519–521t, 521–522f, 522
deep segmental muscle activation and training

of, 514–515
Cervical collars, 457, 472

for aquatic exercise, 301, 301f
Cervical flexors

activation and training of, 516, 516f
cervical stabilization with progressive 

limb loading for, 519, 520f, 
520t, 522

isometric and dynamic exercises for, 529, 529f,
530, 530f

Cervical headache, 477–478
Cervical joint manipulation techniques, 500–502,

500f–501f
Cervical ligament (ankle), 851f
Cervical myelopathy, 479–480
Cervical radiculopathy, 479
Cervical region

conscious relaxation training for, 439
deep segmental muscle activation and training

in, 457, 470, 492, 515, 516–517, 
516f–517f

deep neck flexors, 516, 516f
lower cervical and upper thoracic extensors,

516–517, 517f
global muscle stabilization exercises 

in, 519–523, 519f–523f
integration with posture training, 522
with progressive limb loading, 519, 

520f–521f, 520t, 522
transitional stabilization, 530, 530f
variations and progressions in, 519, 

522, 523f
isometric and dynamic exercises for, 522, 

529–530, 529f–530f
muscle relaxation for, 438
soft tissue injuries in, 472
upper thoracic and

pathologies, 476–480
stretching techniques, 497–500

Cervical spine
aquatic exercises for stretching of, 

304, 304f
arthrokinematics of, 419
balance of head on, 426, 426f
extension injuries of, 452
extension of, manipulation to increase, 

500–501, 500f
facet joint orientation in, 419
flexion injuries of, 452
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flexion of, techniques to increase
dynamic cervical flexion, 529, 529f
isometric exercises, 529, 529f
manipulation, 500, 500f
suboccipital muscle self-stretch, 498–499
suboccipital muscle stretch, 498, 498f

intervertebral disc lesions in
clinical findings, 448
interventions, 465–466

mobilization of, 471
muscle control in, 423t, 426, 426f, 427f
position of symptom relief in, 456, 457, 468, 495
posture training for, 435, 435f, 522
range of motion techniques for, 72, 72f
retraction of

activation of muscles controlling, 516–517,
516f–517f

to decrease forward head posture, 435, 435f
for disc lesion, 465
manual stretching for increasing 

of, 498, 498f
self-stretching for increasing of, 498

rheumatoid arthritis (RA) in, 450
risk factors for impairments of, 477
rotation, manipulation to increase, 

501–502, 501f
side bending, manipulation to increase, 

501–502, 501f
as source of referred pain to shoulder 

region, 552
stabilization of, for headache, 478
stabilization training for, deep segmental

muscle activation and training, 
457, 492

techniques for lesions with extension bias in,
462–463, 462f

traction applied to, 465–466, 499–500, 499f
Cervical strain, 452
Cervix

incompetent, 1012
Cesarean childbirth, 1010–1012
Chair(s)

sitting down and standing up from, 920, 920f
Chattanooga Group Exerciser®, 237, 237f
Chattanooga® cuff, 470
Childbirth. See also Labor; Pregnancy

cesarean, 1010–1012
effect on pelvic floor, 988–990
episiotomy for, 989–990
perineum and adductor flexibility exercises 

for, 1008
as risk factor for pelvic floor 

dysfunction, 991–992
Children

aerobic exercise recommendations for, 254
with disabilities, 52
health promotion program for, 57
muscle performance of, 172–174, 174f
physical activity recommendations for, 51
physiological parameters affecting exercise 

in, 260–261
resistance exercise for, 172–174, 174f, 225,

225f, 226
Chin-ups, 651, 651f
Chondrocyte transplantation, 374, 780, 781
Chondromalacia patellae, 793
Chondroplasty, 725, 726t

“Choose Wisely” initiative, 946
Chrisman-Snook procedure, 876
Chronic disease, 44
Chronic fatigue, 204
Chronic illness, aerobic training for patient 

with, 259–260
Chronic inflammation. See under Inflammation
Chronic pain syndrome, 324
Chronic stretching, 87
Church Health Center Model for Healthy 

Living, 44, 45f
Circuit training, 256, 284–285, 286t
Circuit weight training, 227
Circuit-interval training, 256
Clam shell exercise, 757, 758f
Clavicle, 140f, 402f, 547f, 548f, 549f, 550f

anterior glide of, 144, 144f
elevation and rotation with humeral 

motion, 551
Claw toe, 856
Claw-hand deformity, 387
Client, defined, 2. See also Patient
Climb Max 2000™, 237–238
Clinical classification. See Diagnostic category
Clinical decision-making, 12
Clinical Practice Guideline (CPG)

ankle and foot, 869, 872, 882, 887
Clinical practice guidelines, 6, 14
Clinical prediction rules (CPRs), 12

for osteoarthritis of hip, 722
Clinical Test of Sensory Integration on Balance

Test (CTSIB), 275t, 276
Clitoris, 988f
Closed environment, 28, 29f, 30
Closed loop control, 267
Closed-chain exercise

ankle and foot, 892–893, 893f
in aquatic therapy, 200
background on, 195
benefits and limitations of, 197–199
characteristics of, 196–197, 197f, 197t
definition of, 184
elbow

alternating isometrics and rhythmic
stabilization, 648

after total elbow arthroplasty, 640
equipment for, 200, 236–237, 236f
hip, 758–762, 759f–762f

dynamic, 760–762, 760f–762f
EMG analysis of, 759
after hip fracture open reduction/internal

fixation, 747
isometric, 759–760, 760f
after total hip arthroplasty, 735–736

implementation and progression 
of, 199–200, 200t

knee, 778, 836–839, 837f–839f
after anterior cruciate ligament

reconstruction, 819–820
comparison with open-chain exercise, 833t
for patellofemoral dysfunction, 796–797

parameters of, 200t
rationale for, 197–199
shoulder, 573, 606–607, 606f, 610, 610f
terminology for, 195–196

CMC joints. See Carpometacarpal (CMC)
joint(s)

1048 Index

Coccygeus muscle, 988f
Coccyx, 988f
Cochrane Central Registry of Controlled Trials

(CENTRAL), 14
Cochrane Database of Systematic Reviews, 14
Codman’s (pendulum) exercises, 554, 595, 595f
COG (center of gravity), 264, 422, 986–987
Cognitive stage of motor learning, 31, 36
Cold application, before stretching, 111
Collagen

of annulus fibrosus, 420
changes affecting stress-strain response, 91–92
fibers of, 88, 88f, 89
injury and remodeling of, 91–92, 326, 329, 

330, 332
of nucleus pulposus, 420
stress-strain curve and, 89–90, 89f

Collateral ligaments of ankle, 851
Collateral ligaments of elbow, 624, 625f
Colles’ fracture, 628
COM (center of mass), 264
COM (center of mass) shift, 269–270
Comanagement, 12
Comminuted fractures, 351
Communication, 12–13, 18. See also Patient-

related instruction
Community Balance and Mobility 

Scale, 275t, 276
Comparable sign, 139
Complementary therapies, 110–112
Complex decongestive therapy (CDT), 1024,

1025, 1025f
Complex regional pain syndromes 

(CRPS), 409–410, 554
effectiveness of therapy for, 413
etiology of, 410
impairment of function and participation

restriction in, 411
impairment of structure in, 410
management of, 411–413
signs and symptoms of, 410, 411f
types of, 410

Compliance. See Adherence to exercise program
Component motions, 128–129
Compression

definition of, 89
of joints, 131–132
of nerve, 393
spinal, 419, 445

Compression dressing, 1025–1026, 1026f
Compression garments, 1026, 1026t
Compression pump, 1027
Computer workstations, ergonomic

recommendations for, 438
Concave-convex rule, 130–131
Concentric exercise, 189–192, 190f

characteristics and effects of, 190–192
isokinetic, 228
muscle soreness after, 192

Concentric muscle contraction, 184, 184f
force-velocity relationship for, 185, 185f
placement of resistance for, 201f
tension generation via eccentric contraction

vs., 191
Conditioning. See also Aerobic exercise

age and, 260–262
aquatic exercises, 300, 314–316, 315f
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for deconditioned person or patient with
chronic illness, 259–260

in elbow overuse syndromes, 644
for joint hypomobility in hand and 

wrist, 667
in osteoarthritis, 344
for patient with coronary artery 

disease, 257–259
principles for, 536
in rheumatoid arthritis, 340
in spinal rehabilitation, 459, 494t, 495

Conditioning program, mechanical resistance
exercise in, 224

Connective tissue
composition of, 88–89, 88f
deformation of, 90–91, 91f
mechanical properties of, 88–92
muscular, 88f, 92, 92f
in pregnancy, 985, 986
resistance exercise and adaptation 

of, 177–178
surrounding peripheral nerves, 383, 383f, 384

Consultation, 12, 15f, 48
Continuous motor tasks, 28
Continuous passive motion (CPM), 78–80, 78f

after anterior cruciate ligament 
reconstruction, 817

after meniscal repair, 827–828
after total knee arthroplasty, 786

Continuous training, 255–256
Contract-relax (CR) procedure, 103–104, 104f

for pelvic floor training during pregnancy, 998
Contracture(s), 322

arthrogenic, 84
vs. contraction, 84
definition of, 83
designation by location, 83–84
extension, at elbow, 646
fibrotic, 84
flexion

at elbow, 646
at hip, 719, 721, 735, 774

irreversible, 84
myostatic, 84
periarticular, 84
postoperative, 366
pseudomyostatic, 84
in rheumatoid arthritis, 338f
types of, 84

Contraindications. See Precautions and/or
contraindications

Controlled ankle motion (CAM) 
orthosis, 882–884, 885

Contusion, 322
Cool-down period

after aerobic exercise, 256
after resistance exercise, 202

Coordination, 2, 2f
Coordination of care, 12–13, 18
COP (center of pressure), 265
Coracoacromial arch, 547f, 548f, 550
Coracoacromial ligament, 547f, 548f, 574
Coracobrachialis muscle, 387f

strengthening exercises for, 614
Coracohumeral ligament, 547f, 548, 548f, 548t
Coracoid process, 402f, 548f
Corner press-out, 608, 608f

Coronary artery disease (CAD)
aerobic conditioning program for patient 

with, 257–259
risk assessment for, 49, 50

Corsets, 457, 472
Cortical bone, healing of, 351–352
Corticosteroids, collagen and, 91
Costoclavicular ligament, 548, 548f, 549f
Costoclavicular space, neurovascular

compression in, 384, 403–404
Costovertebral joint, 474
Coughing, after C-section, 1012
Coxa valga or coxa vara, 720
CPM. See Continuous passive motion (CPM)
CR (contract-relax) procedure, 103–104, 

104f, 998
Creep. See Viscoelastic creep
Critical inquiry, 48
Cross fit training, 537
Cross-country ski machines, 238, 537
Cross-exercise effect, 188
Cross-training effect (transfer of 

training), 542
in concentric and eccentric exercise, 192
in resistance training, 169

CRPS. See Complex regional pain syndromes
(CRPS)

Cruciate ligaments. See Anterior cruciate
ligament (ACL); Posterior cruciate
ligament (PCL)

Crural tibiofibular interosseous 
ligament, 851f

“Crutch palsy,” 387
CTS. See Carpal tunnel syndrome (CTS)
CTSIB (Clinical Test of Sensory Integration on

Balance Test), 275t, 276
Cuboid, 160f, 850, 850f
Cuff weight, 102f, 282
Cumulative trauma disorder, 322
Cuneiform bones, 160f, 850, 850f
Curl-downs, 532, 1007
Curl-ups, 532, 532f

diagonal, 532
partial, for lymphedema, 1036, 1038, 1039
pregnancy and, 1007
on unstable surface, 532, 532f

Cycle, stationary, 237
Cyclic loading, 91, 99
Cyclic (intermittent) stretching, 99
Cycling

effects on spine, 537
for knee hypomobility, 779

D
D1 extension pattern

lower extremity, 220–221, 221f
upper extremity, 218–219, 218–219f

aquatic, 309
D1 flexion pattern

lower extremity, 220, 220f
upper extremity, 218, 218f

aquatic, 309
D2 extension pattern

lower extremity, 221–222, 222f
upper extremity, 219–220, 219–220f

aquatic, 309–310, 309f, 310f

D2 flexion pattern
lower extremity, 221, 221f
upper extremity, 219, 219f, 614, 614f

aquatic, 309–310, 309f, 310f
Daily Adjustable Progressive Resistive Exercise

(DAPRE) technique, 226–227, 227t
Dancing, aerobic, 537
DAPRE (Daily Adjustable Progressive Resistive

Exercise) technique, 226–227, 227t
Darrach procedure, 668
DASH (Disabilities of the Arm, Shoulder and

Hand), 671
DCER (dynamic constant external resistance)

exercise, 192, 193
De Quervain’s disease, 685–686
Deadlift, single-limb, 761, 761f
Débridement and lavage

hip, 725, 726t
joint, 373

Decision-making, clinical, 12
Decompression acromioplasty. See Subacromial

decompression
Deconditioning, 248

adaptations for, 259
bed rest and, 248
changes due to, 259
in high risk pregnancy, 1012
reversal of, 259

Decongestive lymphatic therapy, 1024, 1025,
1025f

Deep segmental muscle activation and training,
423, 423f, 424f, 453, 470, 494t, 495, 
513, 515

biofeedback in, 515
in cervical region, 492, 515, 516–517, 516f–517f

lower cervical and upper thoracic extensors,
516–517, 517f

delayed or absent, 514
in lumbar region, 492, 517–519, 517f–518f

abdominal bracing, 517, 517f, 518, 528–529
drawing-in maneuver for transversus

abdominis activation, 457, 470, 515,
517, 517f

multifidus activation, 514, 517, 
518–519, 519f

posterior pelvic tilt, 517, 517f, 518
in stabilization training, 515

Deep squats, 918, 919f
Deep vein thrombosis (DVT), 366, 784, 786

ankle pumping exercises and, 368
management of, 368–369
as postoperative complication, 365
reduction of risk for, 367–368
risk factors for, 367
role of therapist in, 368
signs and symptoms, 367
walking program for, 369

Deep-water walking/running, 315–316, 315f. See
also Aquatic exercise

Degenerative changes
of intervertebral discs, 445–446

Degenerative disc disease, 448–449
Degenerative joint disease (DJD), 448, 449–450.

See also Osteoarthritis (OA)
Delayed-onset muscle soreness (DOMS), 204–206
DeLorme progressive resistance exercise regimen,

226, 226t
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Deltoid ligament (ankle), 851, 851f, 871
Deltoid muscle, 387f, 550f

effects of combined action of short rotator cuff
and, 551

strengthening exercises for, 608–609, 609f,
612–613, 613f, 614

Demonstration of task, 31
Depression, health questionnaire for, 454
Dermatomes, 384, 385f, 552
Desensitization techniques

in carpal tunnel syndrome, 408
in complex regional pain syndrome, 413
during recovery from nerve injury, 396

Detraining, 169, 254
Dexterity activities, 408, 708
Diabetes

in high-risk pregnancy, 1012–1013
in older adults, 971–972

Diagnosis, 14, 15f, 21
Diagnostic category, 21
Diagnostic process, 20, 21
Diastasis recti, 994–996, 994f, 995f, 1005–1006,

1006f, 1009
Digits. See also Hand; Thumb

arthrodesis of joints of, 668
boutonnière deformity of, 664, 664f, 696
carpometacarpal joints of, 152, 152f, 658f, 659

(See also Carpometacarpal (CMC)
joint(s))

control of motions of, 662
dexterity activities, 408, 708
elbow-muscle action and, 625–626
exercises for lymphedema, 1037, 1038f
grips and prehension patterns for, 663
interphalangeal joints of, 153–154, 658f, 

659–660 (See also Interphalangeal (IP)
joints of digits)

isolated or combined abduction/adduction 
of, 707–708

mallet finger deformity of, 696
manual resistance exercise for, 212, 212f
manual stretching techniques for, 117
metacarpophalangeal (MCP) joints 

of, 153–154.154f, 658f, 659 (See also
Metacarpophalangeal (MCP) joints)

mobilization techniques for joints of, 152–154,
152f–154f

PNF diagonal patterns for, 216t
range of motion techniques for, 68–69, 68f–69f
repair of extensor tendon lacerations, 695–701

(See also under Extensor tendons 
of hand)

repair of flexor tendon lacerations, 686–695 
(See also under Flexor tendons of hand)

in rheumatoid arthritis, 338f, 664–665, 664f
self-assisted, 75, 75f
strengthening exercises for muscles 

of, 708, 708f
stretching techniques for, 117
swan-neck deformity of, 664, 664f, 696

DIP. See Distal interphalangeal (DIP) joints of
digits

Disabilities, impairments, and functional
limitations. See also Disability(ies);
Functional limitations; Impairments

adaptations for individuals with, 259
in ankle/foot overuse syndromes, 868–869

in arthritic conditions, 336–337
after breast cancer treatment, 1029–1031
in carpal tunnel syndrome, 406
in complex regional pain syndrome, 410–411
conditioning program for persons 

with, 259–260
in deconditioned individual and patient with

chronic illness, 259–260
due to ankle/foot hypomobility, 855–858
due to ankle/foot ligamentous 

injuries, 870, 872
due to elbow hypomobility, 627
due to glenohumeral joint hypomobility, 7–8,

7f, 552–553
due to hip fracture, 740
due to hip hypomobility, 722
due to knee ligament injury, 807
due to meniscal tear, 824
due to osteoarthritis in hip, 722
due to osteoarthritis in knee, 776
due to shoulder dislocation, 558, 584–585
in elbow overuse syndromes, 642
with hand and wrist hypomobility, 665
with hand and wrist sprain, 686
in painful hip syndromes, 749
in patellofemoral dysfunction, 719, 794
physical activity recommendations for adults

with, 51
in rotator cuff disease, 569–571
in shoulder impingement syndromes, 7–8, 

7f, 567
in tendinopathy, 642, 685
from tenosynovitis/tendinitis in hand and

wrist, 685
in thoracic outlet syndrome, 404

Disabilities, impairments, and functional
limitations; Impairments

in ankle/foot overuse syndromes, 868–869
Disabilities of the Arm, Shoulder and Hand

(DASH), 671
Disability(ies)

classification of, 5–6, 5t
definition of, 52
indices of, 19–20
individuals with

fitness program goals, 53
health disparities, 52
healthy equity, 52–53
objectives of wellness program, 52

models of, 4–6, 5t
participation restrictions and, 9

Disablement
definition of, 4
models of, 4–6
risk factors for, 10–11

Discharge planning, 26
Discontinuation of services, 26
Discrete motor tasks, 28
Discriminative sensory re-education

during recovery from nerve injury, 396
after surgery for carpal tunnel 

syndrome, 408–409
Disease, chronic, 44
Disk weight resistance, 708
Dislocation, 321

after joint surgery, 366
total hip arthroplasty, 731, 731t

1050 Index

joint techniques and, 134–135
of proximal phalanges on metatarsal 

heads, 856
shoulder, 558, 584–585

Distal interphalangeal (DIP) joints of digits, 117,
212, 212f, 658f, 659, 662

isolated extension of, 703
isolated flexion of, 702f, 703

Distal realignment of extensor mechanism of
knee, 804–805

Distraction, 132, 132f
carpometacarpal joint, 152, 152f

thumb, 152–153, 153f
direction of movement for, 137, 137f
glenohumeral joint, 140–141, 140f
hip joint, 154–155, 155f
humeroradial articulation, 147, 147f
humeroulnar articulation, 146, 146f
knee joint, 776–777
metacarpophalangeal joints, 154, 154f
radiocarpal joint, 150, 150f
spinal, 419
subtalar joint, 162, 162f
talocrural joint, 160, 161f
temporomandibular joint, 482–483, 483f
tibiofemoral articulation, 156, 157f

Dizziness Handicap Scale, 275t, 276
Documentation of care, 12–13
DOMS (delayed-onset muscle soreness), 204–206
Dorsal clearance, 669
Dorsiflexion. See Ankle dorsiflexion
Double crush injury, 406
Double knee-to-chest exercise, 532, 532f
Drawing-in maneuver for transversus 

abdominis activation, 457, 470, 
515, 517, 517f

Drugs. See Medications
Dry needling (DN), 347, 478
Duration of exercise

aerobic exercise, 254
in cardiac rehabilitation, 258
resistance exercise, 178, 183
stretching, 95f, 97–99

DVT (deep vein thrombosis). See Deep vein
thrombosis (DVT)

Dynamic balance tests, 274–275, 275t
Dynamic constant external resistance (DCER)

exercise, 192, 193
Dynamic exercise. See also Concentric exercise;

Eccentric exercise; Isokinetic exercise
for abdominal strengthening, 531–534, 

532f–534f
for cervical region, 529, 529f
cervical stabilization and, 522
constant external resistance, 192, 193
effects on intervertebral discs, 461
after global-muscle stabilization, 528
for strengthening erector spinae and

multifidus muscles, 534–536, 
535f–536f

variable resistance, 192–193, 193f
Dynamic flexibility, 83. See also Active range of

motion (AROM)
Dynamic Gait Index, 274t, 275t, 276
Dynamic muscle contraction, 184, 184f

force-velocity relationship for, 185, 185f
Valsalva maneuver during, 203
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Dynamic range of motion (DROM), 101, 
104, 105

Dynamic stabilization, 198, 515
equipment for, 235–236, 235f

Dynamic stretching, 87, 99
Dynamometer, 193, 193f, 194, 238–239
Dysfunction, 322

patellofemoral, 719
pelvic floor, 987–994
postural, 429–430
temporomandibular joint, 480–483, 481f

E
Eating, mindful, 54
Eccentric exercise, 189–192, 190f

characteristics and effects of, 190–192
following ACL reconstruction, 190
high-intensity, 183
isokinetic, 228–229
muscle soreness after, 192
for overuse syndromes, 644
precautions for, 228–229
Valsalva maneuver during, 203

Eccentric muscle contraction, 184, 184f
force-velocity relationship for, 185, 185f
placement of resistance for, 201f
tension generation via concentric contraction

vs., 191
ECG (electrocardiographic) monitoring, 251,

251f, 258
Edema, 1019. See also Lymphedema

brawny, 1022
dependent, 1021
pitting, 1022
weeping, 1022

Education, 48. See also Patient-related 
instruction

Efficiency, 250
Elastic resistance

for abdominal muscle stabilization, 527, 527f
advantages and disadvantages of, 235
application of, 234–235, 234f
for back extension, 535, 535f
balance while standing with, 278f
closed-chain knee isometrics against, 837
devices for, 192, 232–235, 234f
in exercises for older adult, 955f
for forearm pronator/supinator 

exercises, 649, 649f
for glenohumeral muscle exercises, 611, 611f
for hip external rotation, 758, 758f
minisquats with, 837, 838f
one-legged stance against, 279f
for partial squats, 761, 761f
for PNF of shoulder, 614, 614f
properties of, 233–234
for scapular muscle exercises, 608–609, 609f,

610, 611f
for shoulder external rotation, 611, 611–612f
for side stepping, 762
for single-leg stance, 759–760, 760f
standing trunk flexion against, 533, 533f
step-up exercise with, 838, 839f
after total elbow arthroplasty, 640
after total hip arthroplasty, 735, 736
for trunk rotation, 535, 535f

for trunk strengthening, 234f
for upper or lower extremity strengthening, 234f
walking against, 540
for wrist exercises, 650, 650f

Elastic zone, spinal segment, 422–423
Elasticity, 88, 90, 93
Elastin fibers, 89
Elbow

bones and joints of, 145–146, 146f, 624, 624f
exercise techniques for

to improve muscle performance and
functional control, 647–652, 
648f–652f

to increase flexibility and range of motion,
645–647, 646f–647f

extension contracture of, 646
flexion contracture of, 645
functional progression for, 650–652, 

650f–652f
immobilization of, 627, 636, 652
improving joint tracking of, 629, 643, 644f
joint characteristics and arthrokinematics, 624
joint hypomobility at, 627
ligaments of, 624, 624f
malunion of fractures in, 628
manual stretching techniques for, 629
mobility of, 628, 632–633
muscles controlling motions of, 625–626
myositis ossificans at, 641
nerve disorders at, 626–627
nonoperative management for disorders of,

627–630, 629f
overuse syndromes of, 641–645
pain referred to, 626–627
PNF diagonal patterns for, 216t
precautions after traumatic injury of, 628
“pulled” or “pushed,” 628–629
relationship of wrist and hand muscles 

to, 626
surgery for disorders of, 630–631

advantages and disadvantages, 630
arthrodesis, 377, 377t, 630
radial head excision, 631–633
severity of joint disease and procedure

selection, 631t
total elbow arthroplasty, 633–641, 634f

Elbow extension
aquatic strengthening of, 313f
effects of loss of, 623
manual resistance exercise for, 211, 211f
manual stretching techniques for, 116, 116f
mechanical stretching for, 102f, 645
muscle actions for, 626
range of motion techniques for, 67, 67f

self-assisted, 74
wand exercises, 76

self-stretching techniques for, 645–647, 646f
strengthening exercises for, 648–649, 649f

Elbow flexion
aquatic strengthening of, 313f
effects of loss of, 623
with forearm supination, isometric exercises

for, 604
manual resistance exercise for, 202f, 211, 211f
manual stretching techniques for, 115–116, 115f
mechanical stretching for, 102f
muscle actions for, 625–626

range of motion techniques for, 67, 67f
overhead pulley, 78
self-assisted, 74
wand exercises, 76

self-stretching techniques for, 646, 646f
strengthening exercises for, 614, 648, 648f, 

650, 650f
Elderly. See Older adults
Electrical stimulation, 205

after total knee arthroscopy, 787
Electrocardiographic (ECG) monitoring, 251,

251f, 258, 971
Electromyography (EMG)

of abdominal muscles, 424
for augmented feedback, 34, 34f
of hip muscles

during pelvic drop exercises, 760
after total hip arthroplasty, 736

surface, for pelvic floor re-education, 994
in thoracic outlet syndrome, 402

Electrothermally assisted capsulorrhaphy,
glenohumeral joint (capsular
tightening), 588, 591

“Elevator” exercise, 998
Elliptical trainers, 238
EMBASE (Excerpta Medica Database), 14
Embolus, 366
EMG. See Electromyography (EMG)
“Empty can” exercise, 613
Endomysium, 88f, 92–93
Endoneurium, 383, 383f, 393, 394f
End-plates, cartilaginous, 421
Endurance

in breast cancer, 1030–1031
cardiopulmonary/cardiovascular, 2, 168, 247
definition and types of, 168, 247
exercise load and repetitions for improving 

of, 182
muscular, 168, 247

elbow, 633
hip, 735, 747
impaired posture and, 429, 839
knee, 779, 788
shoulder, 573
spinal stability, 427
trunk, 515

Endurance training, 168
elbow, 648–649, 648f–649f
physiological adaptations to, 176t
during soft tissue healing, 328

Energy expenditure
classification of activities according to, 249
of daily tasks, 249
in eccentric vs. concentric exercise, 191–192
quantification of, 249

Energy systems, 248–249
Environmental conditions

balance control and, 281
ergonomics and, 437–438, 541
of motor task, 28, 29f, 30

Environmental factors, in ICF framework, 5, 5f,
5t, 6, 9–10

Epicondylalgia, 641–642
Epicondylitis

use of term, 641
Epimysium, 88f, 92
Epineurium, 383, 383f, 394f
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Epiphyseal plate, healing of, 352
Episiotomy, 989–990
Equilibrium, postural, 264. See also Balance
Equipment. See also Implants and prostheses

for aquatic exercise, 301–303, 301f–303f, 316
BodyBlade®, 198, 235–236, 235f
BOSU®, 30, 30f, 237
Chattanooga Group Exerciser®, 237, 237f
Chattanooga® cuff, 470
Climb Max 2000®, 237–238
for closed-chain exercise, 200, 236–237, 236f
for continuous passive motion, 78–80, 78f
for deep segmental muscle training, 515, 

516f, 518
for isokinetic exercise, 193, 193f, 195
for isometric exercise, 189
for mechanical stretching, 102, 102f, 107
ProFitter™, 236–237, 236f, 616t, 929
for resistance exercise

child-sized, 225f
closed-chain training, 200, 236–237, 236f
dynamic stabilization training 

devices, 235–236, 235f
elastic resistance bands and tubing, 192,

232–235, 234f
free weights and weight-pulley 

systems, 229, 230f
isokinetic training equipment, 193, 193f,

195, 238–239
reciprocal exercise units, 78, 237–238, 237f
selection and use of, 229
variable-resistance machines, 193f, 232, 232f

for self-assisted range of motion 
exercises, 76–78, 76f–78f

for shoulder strengthening, 615, 616t
Stabilizer™ pressure biofeedback unit, 515,

516, 516f, 518, 523, 524, 526
Total Gym®, 236, 236f
vests

aquatic, 301
weighted, for postural control, 965–967, 965f

Erb’s palsy, 385
Erector spinae muscles, 424–425, 426f

strengthening exercises for, 534–536, 535f–536f
trunk side bending for, 535–536, 536f

Ergometer, 537, 616t
upper extremity, 238, 238f

Ergonomics, 437–438, 541
ETAC (electrothermally assisted

capsulorrhaphy), glenohumeral 
joint, 588

Evidence-based practice
accessing evidence in, 13–14
definition and description of, 13
survey on, 13

Examination and evaluation of patient
for carpal tunnel syndrome, 406
health history in, 15–18, 47
with impaired balance, 274–276, 275t
for joint mobilization, 134–135
lymphatic function, 1022–1023
older adult, 947–948, 949t, 950
in patient-management model, 14, 15–20, 

15f, 20–21
postoperative, 362
preoperative, 360
questions to consider during, 16, 20

for range of motion exercises, 63
with spinal problem, 454–455
systems review in, 18
tests and measures in, 18–20

Excerpta Medica Database (EMBASE), 14
Excision arthroplasty, 375
Exercise. See also Resistance exercise(s);

Therapeutic exercise
adherence to, 35, 37, 53, 57t
definition of, 27, 246
integration of postural control into, 439, 496
physiological responses to, 250–251

changes with training, 256–257
deep-water walking/running, 315
resistance exercise, 176–178, 176t

preoperative program of, 361
Exercise ball. See Ball(s)
Exercise bouts, 182
Exercise instruction. See also Patient-related

instruction
adherence to exercise, 35, 37, 53, 57t
motor learning (See also Motor learning)
preparation for, 27
suggestions for effective, 28

“Exercise is Medicine”® initiative, 948
Exercise load, 179. See also Intensity of exercise;

Overload principle
constant vs. variable, 184
determination of, for resistance 

exercise, 180–181
for eccentric and concentric exercise, 191
impact on strength, power, and endurance, 182
submaximal vs. maximal, 179–180, 180t

Exercise machines. See under Equipment
Extension bias, spinal problems with, 460–466
Extensor carpi radialis brevis muscle, 387, 

389f, 706
Extensor carpi radialis longus muscle, 387, 389f,

706, 707
Extensor carpi ulnaris muscle, 389f, 706, 707
Extensor digiti minimi muscle, 708
Extensor digiti minimi tendon, 708
Extensor digiti quinti proprius muscle, 389f
Extensor digitorum, 708
Extensor digitorum brevis muscle, 393f
Extensor digitorum communis muscle, 389f, 661f
Extensor digitorum communis (EDC) tendon,

661, 662, 662f
Extensor digitorum longus muscle, 393f, 853
Extensor digitorum muscle, elongation of, 69, 69f
Extensor digitorum tendon, self-stretching 

of, 706
Extensor hallucis longus muscle, 393f, 853
Extensor indicis proprius muscle, 389f, 708
Extensor indicis proprius tendon, 703
Extensor lag

of digits, exercise for, 703, 703f, 704f
of knee, 776

Extensor mechanisms
of hand, 661–662, 661f, 662f, 696, 704
of knee

distal realignment of, 804–805
proximal realignment of, 799–804

Extensor pollicis brevis muscle, 389f, 661f
Extensor pollicis brevis tendon, 706
Extensor pollicis longus muscle, 389f, 661f
Extensor pollicis longus tendon, 682
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Extensor retinaculum, 772, 772f
Extensor tendons of hand

bowstring effect in, 696
consequences of injuries to, 696
exercises to reduce extensor lag, 703, 703f, 704f
repair in rheumatoid hand, 682–685
repair of lacerations of

background, 695–696
exercise after, 698–699, 700
indications, 696
outcomes of, 699–701
postoperative management and

immobilization after, 697–699
procedures for, 696–697

scar tissue mobilization for adhesions of, 704
tendon-gliding exercises for, 703, 704f
zones of, 695, 695f

External oblique (OE) muscle, 424, 424f, 531
Extra-oral massage, 482
Extrapment, 449
Extremities. See also Lower extremity; Upper

extremity
spinal stability and function of, 427–428

Extrinsic (augmented) feedback, 33–34, 34f, 35
Extrusion of intervertebral disc, 444, 445f

F
FABER position, 752, 752f
Facet joints

ankylosing spondylitis of, 450
arthrokinematics of, 419–420
degenerative disease of, 449–450
impairments and functional limitations due to

pathology of, 450
meniscoid impingement in, 451

correction of, 469
locked-back mechanism of, 449

pathologies of, 449–451
pathomechanical relationships of

intervertebral discs and, 448–449
rheumatoid arthritis of, 450
sprain/joint capsule injury of, 449

Fall Efficacy Scale, 273
Fall prevention in elderly, 281, 962

algorithm for risk assessment, 963f
circuit activities for, 284–285, 286t
guidelines for, 281–282
Otago Home Exercise Program for, 282, 

282f–284f
tai chi for, 286–287, 287f, 962

Falls
ankle/foot hypomobility and, 856
elbow disorders due to, 628
fear of, 273
medication-related, 281
prevention of, 49 (See also Fall prevention in

elderly)
risk among older persons, 273, 962, 963f
risk-assessment measures for, 273, 274t
sensory loss and, 281
shoulder disorders due to, 558

Fast-twitch fibers, 171, 171t, 182, 249
Fat pad syndrome, 793
Fatigue

in breast cancer, 1030–1031
cardiopulmonary, 171

5850_Index_1043-1082  01/09/17  4:33 PM  Page 1052



chronic (See Overtraining)
muscle, 170–172

muscle fiber types and resistance, 171, 171t
signs and symptoms, 171

threshold for, 171–172
Fecal incontinence, 990–991

bowel management for, 993
Feedback

for deep segmental muscle activation and
training, 515, 516, 516f

definition of, 33
for motor learning, 33–35
for resistance exercise, 175–176

Feedback schedule, 33, 34–35
Feedforward control, 267, 427
Femoral cutaneous nerve, 390f
Femoral nerve, 389–390, 391f

injury of, 390, 721
testing and mobilization techniques 

for, 401, 401f
Femoroacetabular impingement (FAI), 748–749
Femur, 156f, 715, 715f

angle of inclination of, 715
angle of torsion of, 715
anteversion of, 720
distal, 156f

osteotomy of, 378, 780
fracture of, open reduction and internal

fixation of, 378, 378f
fractures of, 739, 740–741, 741f (See also Hip

fracture)
motions of, 716, 716–717t
muscle actions, 716, 716–717t
proximal, 154f

fracture of, 740–748, 741f (See also Hip
fracture)

intertrochanteric osteotomy of, 378
retroversion of, 720

Fencer stretch, modified, 751, 751f
Fetal heart rate, 1000
Fetus

descent and expulsion of, 984, 985f
response to maternal aerobic 

exercise, 1000–1001
weight gain of, 985

Fibroblasts, 326, 329, 332
Fibromyalgia, 344–346, 344t, 345f
Fibromyalgia Impact Questionnaire 

(FIQ), 345
Fibrotic contracture, 84
Fibula, 160f, 770f, 772f, 850f

distal, 156f, 850, 850f, 851
proximal, 156f

Fibularis brevis tendon graft, 875
Figure-4 position, 752, 752f
Fine-finger dexterity, 708
Finger ladder, 77
Fingers. See Digits
Fins, for aquatic exercise, 302, 303f
“Fire hydrant” exercise, in pregnancy, 1009
Fist positions, 702, 702f
Fitness

cardiopulmonary, 2, 2f
definition of, 247
exercise in pregnancy, 1001–1008
stress testing, 251–252, 251f
testing of healthy subjects, 251

Fitness program, 54, 55, 56–57, 56t
mechanical resistance exercise in, 224

FITT (frequency, intensity, time, type of
exercise), 178

FITT-VP, 252
Five-Times-Sit-to-Stand Test, 274t, 275, 275t
Flat foot, 853
Flat low-back posture, 430f, 431
Flat upper-back and neck posture, 430f, 432
Flexibility

age and, 109
as component of physical function, 2f
decreased, in hip region, 719
definition of, 2, 83
dynamic, 83
passive, 83
self-stretch for, 596–601, 597f–602f

Flexibility exercises. See also Active stretching;
Self-stretching

for ankle and foot, 888–890, 889f
for elbow, 645–647, 646f–647f
for hand and wrist, 704–706, 705f–706f
for hip, 750–755, 751f–756f
for lymphedema, 1034
for older adults, 951–952
precautions for mass-market programs, 109–110
in pregnancy, 1004
for shoulder, 557
for spinal rehabilitation, 493, 494t, 496–497

Flexion bias, spinal problems with, 467–469
Flexor carpi radialis muscle, 388f, 706, 707
Flexor carpi radialis tendon, 405f
Flexor carpi ulnaris muscle, 388f, 706, 707
Flexor digiti quinti muscle, 388f, 392f
Flexor digitorum brevis muscle, 392f
Flexor digitorum longus muscle, 390, 

392f, 853
Flexor digitorum muscle, elongation of, 69, 69f
Flexor digitorum profundus muscle, 388f, 661f

isolated flexion of, 703
self-stretching of, 706, 706f
strengthening exercises for, 708, 708f

Flexor digitorum profundus tendon, 708
Flexor digitorum sublimis muscle, 388f
Flexor digitorum superficialis muscle, 661f

isolated flexion of, 703
self-stretching of, 706, 706f
strengthening exercises for, 708, 708f

Flexor digitorum superficialis tendon, 708
Flexor hallucis brevis muscle, 392f
Flexor hallucis longus muscle, 390, 392f, 853
Flexor pollicis brevis muscle, 388f
Flexor pollicis longus muscle, 388f, 661f
Flexor pollicis longus tendon, 682
Flexor tendons of hand

consequences of injuries to, 687
place-and-hold exercises for, 692, 693, 694,

701–702
repair of lacerations of

adhesion formation, 689
background and indications, 686–687
complications, 695
exercise after, 691–694
outcomes of, 694–695
postoperative management and

immobilization after, 688–694
timing and procedures for, 687–688

scar tissue mobilization for adhesions of, 704
surgical repair of, 687–688
tendon-blocking exercises for, 701–702, 702f
tendon-gliding exercises for, 702, 702f
zones of, 686–687, 686f

Flossing (neural slide), 400
Flotation rings, 301, 302f
Fluid stasis, spinal problems and, 446–447, 

494t, 496
signs and symptoms of, 446–448

“Foam and Dome” Test (CTSIB), 275t, 276
Foam roller fascial release, 832, 832f
Foot. See also Ankle; Toes; specific joints

abnormal postures of, 853
arches of, 853, 854
arthritis-related deformities of, 856
arthrodesis of, 865–868
bones and joints of, 160f, 850, 850f
effect of impairments on knee function during

gait, 775
exercise techniques for, 888–894

functional progression of, 893–894, 894f
to improve muscle performance and

functional control, 890–894, 890f–894f
to increase flexibility and range of motion,

888–890
flat, 853
forefoot, 850
in gait, 853, 854
hindfoot, 850
intrinsic muscles of, 854
ligaments of, 851–853, 851f

injuries of, 869–871
manual stretching of specific muscles of, 122
midfoot, 850
motions of, 850–851
muscle function in, 853
nerve injuries in, 854–855
osteoarthritis in, 855–856
overuse syndromes of, 867–869
in patellofemoral dysfunction, 794
post-immobilization stiffness of, 855
pronation of, 851, 852–853
rheumatoid arthritis in, 339f, 855–856
stability in standing, 853
structural relationships of, 853
supination of, 851, 852–853

Force-velocity relationship, 185, 185f
Forearm. See also Elbow, exercise techniques for

bones and joints of, 145–146, 146f, 624, 624f
consequences of injuries to, 687
functional progression for, 650–652, 

650f–652f
joint characteristics and arthrokinematics, 625
malunion of fractures in, 628
muscles controlling motions of, 626
nonoperative management for disorders 

of, 627
Forearm pronation

manual resistance exercise for, 211, 211f
manual stretching techniques for, 116
muscle actions for, 626
PNF diagonal patterns for, 614, 614f, 651
range of motion techniques for, 67–68, 67f

self-assisted, 74
self-stretching technique for, 646
strengthening exercises for, 649, 649f
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Forearm supination
isometric exercise for elbow flexion with, 604
manual resistance exercise for, 211
manual stretching techniques for, 116
muscle actions for, 626
PNF diagonal patterns for, 216t
range of motion techniques for, 67–68

self-assisted, 74
self-stretching technique for, 647, 647f
strengthening exercises for, 649, 649f

Forward-head posture
axial extension technique for 

decreasing, 435, 435f
round back with, 430f, 431
shoulder impingement syndromes and, 570
temporomandibular dysfunction and, 481

Four-quadrant hop/jump, 933, 934f
Four-Square Step Test, 274t, 275t, 276
Fracture Risk Assessment Tool (FRAX®), 948
Fracture(s), 350

abnormal healing of, 352
bone healing after, 351–352
causes and types of, 350f, 350t
comminuted, 351f
complications of, 353
compression fracture secondary to

osteoporosis, 451, 473
directions of lines in, 351f
hand and wrist, 665
hip, 739, 740–748, 741f (See also Hip fracture)
management of

immobilization period, 352–353
postimmobilization period, 353–354

in older adults, 948
open reduction and internal fixation of, 352
osteoporotic, 451, 473
pathological, 206
radial

Colles’ fracture, 628
displaced fracture of radial head, 630, 631

risk factors for, 351
signs and symptoms of, 351

Frailty, 967–968, 967f
FRAX® (Fracture Risk Assessment Tool), 948
Free weights, 229, 230f

advantages and disadvantages of, 231–232
balance while standing and holding, 278f
characteristics of, 230–231
for elbow exercises, 648–650, 648f–650f
for forearm pronator/supinator 

exercises, 649, 649f
standing position while lifting, 230–231, 231f
supine position while lifting, 231, 231f
types of, 229, 230f
for wrist exercises, 650, 650f

Frequency, intensity, time, type of exercise
(FITT), 178, 252

Frequency of exercise
aerobic exercise, 252–253
for older adults, 961
resistance exercise, 178, 183
stretching, 95f, 98, 100

Friction massage. See under Massage
Frozen shoulder, 552, 553
“Full can” exercise, 612–613, 613f
Full fist position, 702, 702f, 703
Full-arc exercise, 835

Functional activities
balance during, 280, 281f
for cervical region, 530
elbow

to improve forearm pronation/
supination, 649

in overuse syndromes, 644
simulated, 652
after total elbow arthroplasty, 638, 640

for global-muscles stabilization, 527
hip fracture, after, 747
isokinetic exercise and, 194
knee

after anterior cruciate ligament
reconstruction, 820, 821

exercises to simulate, 839–840, 839f
in patellofemoral pain syndrome, 797

postfracture, 354
posture training and, 436
preparatory exercise techniques for, 538–540,

539f–540f
resistance exercise and, 186
for shoulder, combined movement patterns

with, 573, 614–616, 615f
shoulder replacement arthroplasty, after, 566
for spinal rehabilitation, 457, 459, 494t, 495
stretching in, 106, 106f
wrist and hand, 708

after carpometacarpal arthroplasty of
thumb, 681, 682

after metacarpophalangeal implant
arthroplasty, 675, 676

after proximal interphalangeal arthroplasty,
678–679

after wrist arthroplasty, 670–671
Functional excursion, 61
Functional exercise, 437
Functional Gait Assessment, 274t, 275t, 276
Functional Limitation Reporting 

(G-codes), 19–20, 26
Functional limitations. See also Disabilities,

impairments, and functional
limitations; Impairments

preoperative assessment of, 360
Functional mobility, 82, 945
Functional Movement Screen (FMS), 49
Functional outcomes, 25

after flexor tendon repair, 694–695
measures of, 19, 25–26
after radial head excision, 633
after rotator cuff repair, 582–583
after shoulder replacement 

arthroplasty, 566–567
after subacromial decompression, 576
after total elbow arthroplasty, 640
after total hip arthroplasty, 737

Functional patterns, ROM activities through, 80
Functional position, 456, 468. See also Symptom

relief positions
Functional Reach Test, 275, 275t
Functional (nonstructural) scoliosis, 432, 432f
Functional tests, 275t, 276
Functional training

advanced, 895–935
balance/stabilization exercises, 906–912
strengthening exercises, 912–921
stretch-shortening drills, 921–935
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in balance training program, 285
basic exercises in, 538–540, 539f–540f
basic maneuvers in, 538
after hip fracture open reduction/

fixation, 743–747
intermediate to advanced techniques 

for, 542
for knee disorders, 779
for older adult, 961
in rheumatoid arthritis, 339
for shoulder disorders, 573, 614–616, 615f
with stable spine, 492
task-specific, 23–24, 24f
after total hip arthroplasty, 733–737
after total knee arthroplasty, 789–790

Functioning
classification of, 5–6, 5t
models of, 4–6

Fusions, spinal, 466–467

G
Gait

ankle/foot complex in, 853, 854, 856
assessment measures of, 274t
balance in unperturbed, 272
hip muscle function during, 720–721
knee muscle function during, 774
in painful hip syndromes, 749
preoperative analysis of, 360
scales for, 275t, 276, 949t

Gait training
after anterior cruciate ligament 

reconstruction, 820
preoperative, 361
after total hip arthroplasty, 736

Gamma motor neurons, 94, 94f, 383
Ganglion, 322, 383f
Gas exchange, 250
Gastrocnemius muscle, 392f, 774, 853, 854

control of knee during gait, 774
hypomobility of, 869–871
manual stretching of, 122
self-stretching of, 877, 888–889, 889f
tightness of, 870

G-Code Reporting, 19–20, 26
Gear shift exercise, 596, 596f
Gender differences

anterior cruciate ligament injuries in female
athletes, 806–807

in risk for hip impairment, 719
General fatigue, 171
Genitofemoral nerve, 390f
Genu varum and valgum, 775
Gestation. See also Pregnancy

multiple, 1012
Gestational diabetes, 1012–1013
GH joint. See Glenohumeral (GH) joint
Glenohumeral (GH) joint, 140f, 547f. See also

Shoulder
anterior stabilization, precautions after, 590
arthritis of, 552–553
arthrokinematics of, 547
arthroplasty of, 559–567 (See also Shoulder

replacement arthroplasty)
closed-chain stabilization exercise 

for, 606–607, 606f
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dislocation of, 584–585
exercises for early motion of, 594–596, 

595f–596f
goals of surgery for, 558
hypomobility of, 7–8, 7f, 552–553

management, 553–558
in idiopathic frozen shoulder, 553
instability of

anterior glenohumeral stabilization,
precautions after, 590

atraumatic hypermobility, 583–584
postoperative recurrence of, 587
traumatic hypermobility (dislocation), 558,

584–585
mobilization techniques for, 140–144

anterior glide, 143, 143f
caudal glide, 141, 141f, 555, 555f
caudal glide progression, 141, 141f
after closed reduction of shoulder

dislocation, 585, 585f, 586
distraction of, 140–141, 140f
distraction progression, 143–144, 144f
elevation progression, 141–142, 142f, 144
external rotation progressions, 142f, 

143–144, 144f
mobilization with movement 

(MWM), 556–557, 556f, 557f, 572, 572f
posterior glide, 142, 142f
posterior glide progression, 142, 143f
self-mobilization, 555, 555f

stabilizers of, 547, 548t
stretching of, 555, 596–699, 597f–598f
surgical stabilization of, 586–687

exercise after, 589, 590–592
factors influencing rehabilitation, 589t
indications for, 587
outcomes of, 593–594
postoperative management and

immobilization after, 588–594
precautions after, 590
procedures for, 587–588

Glenohumeral (GH) joint muscles
multiple-angle isometrics, 603–604, 603f, 604f

self-applied, 604, 604f, 605f
strengthening exercises for, 610–614, 611f–614f

Glenohumeral ligaments, 547f, 548f, 548t
Glenoid fossa, 547, 548f
Glenoid labrum, 547, 548f

Bankart lesion of, 584, 584f
SLAP lesion of, 588, 591

Glides. See also Joint mobilization
acromioclavicular joint, 144, 144f
carpometacarpal joint, 152

thumb, 153, 153f
direction of application of, 137, 137f
glenohumeral joint, 141–143, 141f, 555, 555f
for glenohumeral joint tracking, 572, 572f
hip joint, 154–156, 155f
humeroradial articulation, 148, 148f
humeroulnar articulation, 146–147, 147f
intermetacarpal joints, 152
interphalangeal joints of fingers, 154
intertarsal joints, 163–164, 163–164f, 163f
for knee joint, 776–777, 778
metacarpophalangeal joints, 154, 154f
patellofemoral joint, 158–159, 159f, 795, 795f
radiocarpal joint, 150–151, 150f

radioulnar joint, 148–149
sternoclavicular joint, 144–145
subtalar joint, 162, 162f
talocrural joint, 161, 161f
tarsometatarsal joints, 163–164, 163–164f, 163f
tibiofemoral articulation, 157–158, 157f, 158f
tibiofibular articulation, 159–160, 159f, 160f
toe joints, 164

Global muscles controlling spine, 423, 
423f, 423t

stabilization exercises for
in cervical region, 519–523, 519f–523f, 522
in lumbar region, 523–529, 523t, 524f–528f

tests for stabilizing function of, 470
Gloves, for aquatic exercise, 302
Gluteus maximus muscle, 988f

open-chain exercises for, 757, 757f
self-stretching of, 752, 752f
shortening of, 720
strengthening exercises for, 179, 179f
tight, effect on knee function during gait, 774

Gluteus medius muscle, 718
open-chain exercises for, 756–757

Gluteus minimus, open-chain exercises 
for, 756–757

Glycolysis, 248
Glycoproteins, 89
Goals

of aquatic exercise, 296
in plan of care, 22, 23

Golf swing, balance during, 281f
Golfer’s elbow, 642
Golfer’s lift, 541
Golgi tendon organ (GTO), 93, 94, 95, 266
Gout, 855
Gracilis muscle, 391f
Graded Chronic Pain Scale, 454
Grafts

anterior cruciate ligament, 811, 811f, 
813–814, 821

osteochondral, 374, 780–781
posterior cruciate ligament, 822
tendon, 687

Gravity
center of, 264, 422, 986–987
line of, 421–422, 422f, 853
postural alignment and, 179, 421–422, 422f
PROM-to-AROM transition and, 64

Grip strength test, 949t, 950
Grips, 663
Ground reaction force, 265
Ground substance, 89
“Growing pains,” 451
GTO (Golgi tendon organ), 93, 94, 95, 266
Guide to Physical Therapist Practice (APTA), 4, 

6, 14, 21, 23
Guided imagery. See Imagery
Guidelines, clinical practice, 6, 14
Guyon’s canal

ulnar nerve compression in, 387, 409
ulnar nerve entrapment in, 387

H
Hallux rigidus, 856, 866
Hallux valgus, 856, 866
Hammer toe, 856

Hamstring curls, 835–836, 836f
supine, on a ball, 917, 918f

Hamstring muscles
aquatic exercises for stretching of, 306
control of knee during gait, 774
dominance over gluteus maximus, 720
function of, 774
muscle-setting exercises for (hamstring sets),

835–836, 836f
overuse of, 774
self-stretching of, 97, 98, 102f, 753–754, 754f
strengthening of

kneeling exercise, 917–918, 918f
after total knee arthroplasty, 788, 789

technique for elongation of, 70, 70f
tightness of, 773

Hand. See also Digits; Thumb; Wrist; specific
joints

bones and joints of, 149f, 658, 658f
elbow muscles’ relationship to muscles of, 626
elbow-muscle action and, 625–626
exercise techniques for

to improve muscle performance,
neuromuscular control, and
coordinated movement, 706–708,
707f–708f

to increase flexibility and range of motion,
704–706, 705f–706f

to increase musculotendinous mobility,
701–704, 702f–704f

exercises for lymphedema, 1037, 1038f
extensor mechanism of, 661–662, 661f, 662f
functional activities for, 708
grips and precision patterns of, 663
joint hypomobility in, 664–667
joint protection in, 665–666
mobilization techniques for joints of, 152–154,

153f–154f
muscles of, 660–661t, 660–663, 661f, 662f
osteoarthritis in, 665, 665f
range of motion techniques for, 68–69, 68f–69f
referred pain and sensory patterns in, 663
rheumatoid arthritis in, 664–665, 664f
self-assisted, 74, 75, 75f
sprain of, 686
surgery for disorders of, 667–668

arthrodesis, 668
carpometacarpal arthroplasty of thumb,

679–682
extensor tendon lacerations, 695–701 

(See also under Extensor tendons 
in hand)

extensor tendon repair in rheumatoid hand,
682–685

flexor tendon lacerations, 686–695 (See also
under Flexor tendons of hand)

metacarpophalangeal implant arthroplasty,
671–676

procedures for rheumatoid arthritis or
degenerative joint disease, 682–685

proximal interphalangeal implant
arthroplasty, 676–679

tenosynovitis/tendinitis in, 685–686
traumatic injuries of, 686–701
unloaded, control of, 662

Hand paddles, for aquatic exercise, 302, 302f
Hand press, bilateral, for lymphedema, 1037
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Head
balance on cervical spine, 426, 426f
gravity line of, 422, 422f

Headache, cervical/tension, 477–478
Health, defined, 43
Health and Human Services, U.S. Department of,

Physical Activity Guidelines for
Americans, 51

Health belief model (HBM), 50
Health conditions, in ICF framework, 5f, 6
Health disparities and equity, for people with

disabilities, 52–53
Health history, 15–18, 47
Health literacy, 27, 43
Health program, 54, 55, 56–57, 56t
Health promotion, 43, 46–47
Health status, classification of, 4–5, 5t
Health-care costs, 44
Health-related quality of life, 43
Healthy People 2000, 11
Healthy People 2010, 11, 46
Healthy People 2020, 11, 44, 46, 52, 941
Heart

adaptation and response to exercise, 247, 250
in older adults, 943
in pregnancy, 986

Heart rate
age and, 260, 261
during deep-water running, 316
exercise, 253
maximum, 253
in pregnancy, 986

Heat application, before stretching, 111
Heberden’s nodes, 342
Heel pain, 867–869
Heel prop, supine, 831, 831f
Heel raising/lowering exercises, 893, 893f

from a mini-trampoline, 932
older adult, 954f

Heel slide, 758
Heel spur, 869
Heel-lowering over a step, 920, 920f
Hemarthrosis, 322
Hemireplacement arthroplasty, 375

glenohumeral joint, 559–560
hip, 739–740

Herniation
intervertebral disc, 444, 445f, 446, 465

Heterotopic ossification, 116, 628
High Level Mobility Assessment Tool, 275t, 276
High-velocity (ballistic) stretching, 98, 99–100
High-velocity thrust (HVT), 128, 136

lumbar roll to increase rotation, 511–512, 512f
Hill-Sachs lesion, 584, 584f
Hip, 154f

arthrokinematics of, 716
bones and joints of, 154f, 715, 715f
characteristics and articular surfaces 

of, 715
exercise techniques for

to improve muscle performance and
functional control, 724, 755–763, 
756f–763f

to increase flexibility and range of motion,
750–755, 751f–756f

femur motions and muscle function 
and, 716–717, 716–717t, 773

flexion contracture of, 719, 721, 735, 774
flexion of, 716, 716t, 719
functional progression for, 762–763
during gait, 720–721
gravity line at, 422, 422f
hypomobility of, 721–724, 724f
influence on balance and posture 

control, 716
ligaments of, 715–716, 715f
manual stretching techniques for, 117–120
mobilization techniques for, 154

anterior glide, 155–156, 155f
distraction of weight-bearing surface,

caudal glide, 154–155, 155f
posterior glide, 155, 155f

mobilization with movement of, 723, 724f
motions of, relationship to lower extremity

functions, 719
muscles of, 716–717t
nerve injuries at, 721
open-chain function of, 716–717t
osteoarthritis of, 342f
pain referred to, 721
painful/overuse syndromes of, 748–750
in patellofemoral dysfunction, 793, 

794–795
strengthening and stretching, 797–798

pathomechanics in region of, 719
pelvifemoral motion of, 719
pelvis motion and muscles of, 717, 717f
PNF diagonal patterns for, 216t
rheumatoid arthritis of, 338f
self-stretching of, 101f
stretching techniques for, 101f, 723, 746, 

750–755, 751f–756f
surgery for disorders of, 724–725

arthrodesis, 370t, 725
arthroscopic procedures, 725–726, 726t
hip fracture, 740–748
hip hemiarthroplasty, 739–740
total hip arthroplasty, 375, 375f, 727–739,

727f (See also Total hip arthroplasty
(THA))

tools for measuring impairments of, 722
Hip abduction, 719

closed-chain exercises for, 756–757
lateral pelvic tilt and, 718, 718f
manual resistance exercise for, 213, 213f

aquatic, 310, 310f
manual stretching technique for, 119, 119f
older adult, 955f
in older adult, 954f
range of motion techniques for, 70, 71f

self-assisted, 75–76, 76f
self-stretching for, 752–753, 752f

Hip adduction, 719
aquatic exercise for, 310
exercises for lymphedema, 1039, 1039f
lateral pelvic tilt and, 718, 718f
manual resistance exercise for, 213

aquatic, 310
manual stretching technique for, 101, 101f,

119–120, 119f
open-chain exercises for, 758, 759f
range of motion techniques for, 70

self-assisted, 75
with straight-leg raise, 400
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Hip (pelvic) drop, 718, 718f, 760
Hip extension, 719

aquatic strengthening of, 313f
exercise for, in pregnancy, 1007, 1007f, 1009
manual resistance exercise for, 212–213, 

213f, 214f
manual stretching techniques for, 118–119,

118f, 119f
aquatic exercises, 305

mobilization with movement for, 723–724, 724f
open-chain exercises for, 757, 757f
posterior pelvic tilt and, 717f, 718
range of motion techniques for, 69, 69–70f, 

70, 70f
combined hip and knee extension, 69, 70f

self-stretching for, 751, 751f
single-limb deadlift, 761, 761f

Hip flexion, 719
anterior pelvic tilt and, 717, 717f
aquatic exercise for

independent strengthening, 313f
self-stretching, 307, 307f

with knee flexion
manual resistance exercise for, 212, 212f

aquatic, 310–311, 311f
range of motion technique for, 69, 69–70f

self-assisted, 75, 75f
manual stretching techniques for, 117–118, 118f
mobilization with movement for, 723, 724f
open-chain exercises for, 758
self-stretching for, 751–752, 752f

Hip fracture
impact of rehabilitation after, 747–748
incidence and risk factors for, 740
nonoperative management of, 741
open reduction and internal fixation 

of, 741f, 742f
exercise after, 743–747
fixation mechanism failure, 743
indications for, 741–742
outcomes of, 747–748
procedures for, 742
weight-bearing considerations, 743

postoperative management of, 742–747
sites and types of, 740–741, 741f

Hip hiking, 760, 760f
Hip muscles

decreased flexibility of, 719
developing balance in length and strength 

of, 749–750
during gait, 721
imbalances of length/strength in, 720, 748, 774
increasing flexibility of, 505
overuse or trauma to, 748
patellar malalignment due to weakness of, 773
pelvic motions and, 716, 717–719, 717f
self-stretching of, 101f, 750–755, 751f–756f
strengthening exercises for, 755–762, 756f–761f

Hip rotation, 719
aquatic exercises for

manual resistance, 311
manual stretching, 305–306

exercises during pregnancy, 999, 999f
exercises for lymphedema, 1038, 1038f
manual resistance exercise for, 213–214, 

213f, 214f
manual stretching techniques for, 120, 120f
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mobilization with movement for, 723, 724f
open-chain exercises for, 757–758, 758f
range of motion techniques for, 71, 71f

self-assisted, 76, 76f
self-stretching to increase, 753, 753f

Hip strategy for balance control, 267f, 269
History taking, 15–18, 47
HOAC II (Hypothesis-Oriented Algorithm for

Clinicians II), 12
Hold-relax (HR) procedure, 103–104, 104f

with agonist contraction, 105
Hook fist position, 702, 702f
Hop(s)

four-quadrant, 933, 934f
platform, 935, 935f
zigzag forward, 935, 935f

HR articulation. See Humeroradial (HR)
articulation

HR (hold-relax) procedure, 103–104, 104f
with agonist contraction, 105

HU articulation. See Humeroulnar (HU)
articulation

Huffing, after C-section, 1012
Human movement system, defined, 3
Humeroradial (HR) articulation, 146, 146f

arthrokinematics of, 624
compression, 148, 148f
distraction, 147, 147f
dorsal/volar glides, 148, 148f
mobilization techniques for, 146

Humeroradial joint, 146f, 624f
Humeroulnar articulation

arthrokinematics of, 624
mobilization techniques for, 146

distal glide, 146–147, 147f
distraction and progression, 146, 146f
radial glide, 147
ulnar glide, 147

myositis ossificans vs. traumatic arthritis 
of, 641

treatment plane for, 146, 146f
Humeroulnar joint, 146f, 624f
Humerus, 140f, 146f, 547f, 550f, 624f

clavicular elevation and rotation with motion
of, 551

elevation of, 548, 548t, 551
head of, 547

Hill-Sachs lesion of, 584, 584f
translational movement of, 130–131

rotation of, 551
scapulohumeral rhythm and, 550–551

Hunter reconstruction, 688
Hydraulic variable-resistance units, 232
Hydro-boot, 298–299
Hydromechanics, 298–299
Hydrostatic pressure, 297–298
Hydro-tone® bells, 302, 303f
Hydro-tone® boots, 303f
Hypermobility, 85

acromioclavicular joint, 558
as contraindication to joint mobilization, 133
glenohumeral joint, 583–584
overstretching and, 85
sternoclavicular joint, 558

Hyperplasia, 177
Hypertension, pregnancy-related, 1012
Hypertrophy, 177

Hypoglycemia, 971, 1000
Hypokinesis, 945
Hypomobility

acromioclavicular joint, 558
ankle and foot, 855–858
definition of, 83
elbow, 627
factors contributing to, 82, 84t
glenohumeral joint, 7–8, 7f, 552–553
hand and wrist, 664–667
hip, 721–724, 724f
as indication for joint mobilization, 133
knee, 775–779
sternoclavicular joint, 558

Hypothesis-Oriented Algorithm for Clinicians II
(HOAC II), 12

I
I band, 92f
IADLs (instrumental activities of daily 

living), 80
ICF. See International Classification of

Functioning, Disability, and 
Health (ICF)

ICIDH (International Classification of
Impairments, Disabilities, and
Handicaps), 4

Iliacus muscle, 391f
Iliocostalis muscle, 426f
Iliofemoral ligament, 715, 715f, 716
Ilioinguinal nerve, 390f
Iliopsoas muscle, 96, 118f, 720

open-chain exercises for, 758
Iliotibial (IT) band

fascial release of, 755
friction syndrome, 793
at the knee, 772
self-stretching of, 755, 832, 832f
tightness, 772, 774

Ilium, 154f, 715f
Imagery

for cervical region, 439
during labor, 1008
motor, 412–413

Immobilization. See also Bed rest; 
Splinting

adverse effects of, 132
protection from, 324–325

ankle and foot
after Achilles tendon repair, 882–884
after arthrodesis, 867
after repair of ankle ligaments, 876
stiffness after, 855
after total ankle arthroplasty, 862

collagen changes affected by, 91
elbow

for overuse syndromes, 642
after radial head excision, 632
to reduce inflammation, 627
after total elbow arthroplasty, 636

for fracture healing, 352–353
hand and wrist

after carpometacarpal arthroplasty of
thumb, 680–681

after extensor tendon repair, 690–691
after extensor tendon surgery, 697–699

after flexor tendon repair, 690–691, 690f
hypomobility after immobilization, 665
after metacarpophalangeal implant

arthroplasty, 673–674
after proximal interphalangeal implant

arthroplasty, 677
after tendon repair in rheumatoid 

arthritis, 683
after wrist arthroplasty, 670

knee
after anterior cruciate ligament

reconstruction, 814, 816
after ligament injury, 809
after medial patellofemoral ligament repair

and related procedures, 801–802
after meniscal repair, 826–827
after partial meniscectomy, 829
after posterior cruciate ligament

reconstruction, 822–823
after total knee arthroplasty, 786

after nerve injury, 395
shoulder

after closed reduction of dislocation, 585,
585f, 586

after rotator cuff repair, 579, 579t
after shoulder replacement 

arthroplasty, 561–562, 562t
after stabilization procedures, 588–589
after subacromial decompression, 574

soft-tissue responses to (See Stretching, 
soft-tissue responses to)

Immunosenescence, 942
Impairments. See also Disabilities, impairments,

and functional limitations; Functional
limitations

and adherence to exercise, 37
balance, 272–276, 281, 337
in body function, defined, 6
in body structure, defined, 6
composite, 8
conditioning program for persons 

with, 259–260
diagnosis based on, 21
functionally relevant, 8
primary, 7–8
secondary, 7–8
specific tests for assessment of, 18–20
types of, 7–8
underlying causes of, 8

Impingement syndrome
of hip, 748–749
of shoulder, 7–8, 7f, 567

Implants and prostheses
for fracture internal fixation, 366
for joint replacement arthroplasty

ankle, 859
carpometacarpal joint of thumb, 679–680
elbow, 631, 634–635, 634f, 635f, 637
hip, 375, 375f, 728–729, 737–738
knee, 782–783, 783f
materials, designs, and fixation methods,

375–376
metacarpophalangeal joint, 672–673, 672f
proximal interphalangeal joints of digits,

676–679
shoulder, 559, 559f, 560
wrist, 668–669, 669f, 672–673, 672f
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Inactivity, collagen changes and, 91
Incontinence, 972–973, 990–991

bladder and bowel management for, 993
Inferior vena cava compression during

pregnancy, 1000, 1004, 1004f
Inflammation

chronic, 331–332
causes, 332
contributing factors, 332
management, 332–334
soft tissue lesions, 324 (See also Overuse

syndromes)
as contraindication to resistance exercise, 207
joint mobilization contraindicated in, 134
soft tissue lesions with

management of, 332–334
spinal problems with

intervertebral disc lesions, 447
Infrahyoid muscles, 426, 426f
Infraspinatus muscle, 548f, 595–596, 608

isometric exercise and, 606
strengthening exercises for, 608–609, 609f,

611–612, 611–612f
Infraspinatus tendinitis, 569
Inhibition, 94

autogenic, 95
reciprocal, 95, 105

Inhibition techniques, 85–86
at hip, 735, 745
PNF stretching as, 103–105, 104f
during postimmobilization period of fracture

healing, 354
Innominate bone, 715

anterior, posterior, upslipped rotated, 474, 
475, 475f

posterior rotation manipulation to, 513, 513f
Instability

of glenohumeral joint (hypermobility), 583–584
segmental, 449

Instructions, pre-practice verbal, 31
Instrumental activities of daily living (IADLs), 80
Instrument-assisted soft tissue mobilization, 112
Insufficiency, active and passive, 61
Intensity of exercise. See also Exercise load

aerobic exercise, 253
in cardiac rehabilitation, 258
resistance exercise, 168, 178, 179–181
stretching, 95f, 96–97, 98
velocity spectrum rehabilitation, 228

Interclavicular ligament, 548, 548f, 549f
Intermetacarpal joints

mobilization techniques for
volar glide, 152

range of motion techniques for, 68, 68f
Intermetatarsal joints, 164
Intermittent (cyclic) stretching, 99
Internal oblique (IO) muscle, 424, 424f, 531
International Classification of Disease (ICD), 6, 21
International Classification of Functioning,

Disability, and Health (ICF), 4–5, 21,
454–455

components of, 6–11
definition of key terms in, 6
framework for, 5f
overview of, 5–6, 5t

International Classification of Impairments,
Disabilities, and Handicaps (ICIDH), 4

Interosseous muscles of foot, 392f
Interosseous muscles of hand, 388f, 661f, 662

self-stretching of, 705
strengthening exercises for, 707–708

Interosseous tendons of hand, 662f
Interphalangeal (IP) joints of digits, 658f, 

659–660
arthrokinematics of, 660
boutonnière deformity, 664, 664f, 696
distal, 117, 212, 212f, 658f, 659, 662
in extensor tendon exercises, 699, 699f
in flexor tendon exercises, 693, 694, 

702–703, 702f
isolated extension of, 703
manual resistance exercise for, 212, 212f
mobilization techniques for, 153

distraction, 154
glides and progression, 154

mobilization with movement of, 667
muscles causing actions of, 660t, 661t
in osteoarthritis, 665
in posttraumatic arthritis, 665
proximal, 117, 212, 212f, 658f, 659, 662

implant arthroplasty of, 676–679
in rheumatoid arthritis, 338f, 664–665, 664f
strengthening of muscles for flexion of, 707,

707f, 708, 708f
stretching techniques for, 117
swan-neck deformity, 664, 664f, 696
terminal-range extension of, 703, 703f

Interphalangeal (IP) joints of toes, 853
arthrodesis of, 866
arthrokinematics of, 853
mobilization of, 164
range of motion techniques for, 72, 72f

Interposition arthroplasty, 375, 630
Interscalene triangle, neurovascular compression

in, 384, 403
Intertarsal joint mobilization, 162

dorsal glide, 163–164, 163–164f
plantar glide of, 163, 163f

Intertarsal joints, 853
Intertrial variability, 30
Interval training, 256
Intervention(s). See also types of intervention,

specific interventions
for cardiac rehabilitation, 257–259
categories of, 23
definition of, 23
for impaired balance, 275, 276–287
to increase mobility of soft tissues, 85–86
measuring impact of, 25–26
in patient management model, 14, 15f, 

23–25, 23f
procedural, 23–24, 23f
for spinal rehabilitation, 492–543
surgical, 359–379

Intervertebral disc(s)
effects of bed rest on, 461
effects of flexion and extension on, 461
effects of isometric and dynamic exercise 

on, 461
effects of muscle guarding on, 461
effects of postural change on pressure 

within, 461
effects of traction on, 461
flexion techniques for lesions of, 468–469, 469f

1058 Index

lesions of
in cervical spine, interventions to 

manage, 465
extension techniques for, 462–465, 463f
postoperative management, 467
signs and symptoms, 446–448
surgical interventions, 466–467

pathologies of, 444–448, 445f
age and, 445
axial overload (compression), 419, 445
conditions related to, 446
degenerative changes, 445–446
effect on spinal mechanics, 446
extrusion, 444, 445f
fatigue breakdown, 444–445
herniation, 444, 445f
objective findings in cervical spine, 448
objective findings in lumbar spine, 447
onset of, 447
pain due to, 447
prolapse, 447
protrusion, 444, 445f
sequestration, 444, 445f
signs and symptoms of, 446–448
tissue fluid stasis and, 446
traumatic rupture, 445

pathomechanical relationships of facet joints
and, 448–449

structure and function of, 420–421, 421f
Intervertebral foramina, 421, 460, 468
Interview of patient, 17–18
Intestinal gas pains, after cesarean delivery, 1012
Intra-abdominal pressure, 428, 428f
Intrafusal muscle fibers, 94, 94f
Intra-oral trigger point release, 482
Intrinsic feedback, 33
Intrinsic motivation, 51
IP joints. See Interphalangeal (IP) joints
Irreversible contracture, 84
Ischiocavernosus muscle, 988f
Ischiofemoral ligament, 715, 715f, 716
Ischiogluteal bursitis, 748
Ischium, 154f, 715f
Isokinetic exercise, 185, 193–195

characteristics of, 194
eccentric, 228–229
eccentric vs. concentric, 228
equipment for, 193, 193f, 195, 238–239
intensity of, 228
progression of, 195
regimens for, 227–229
velocity of, 194

Isometric exercise, 188–189, 529
alternating, 189

with PNF, 189, 222–223, 223f
for scapular muscles, 573, 603, 603f
with stabilization for elbow, 648

for cervical region, 522, 529–530, 529f–530f
characteristics and effects of, 189
contraindication to, 189
effects on intervertebral discs, 461
elbow, 647–648
to enhance stabilization, 515
hand and wrist, 666, 667
hip, 757, 759–760, 760f
knee, 778, 834, 835
for lymphedema, 1034
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multiple-angle, 189, 603–604, 603f–605f, 
834, 835

precaution for, 189
rationale and indications for, 188
shoulder, 602–604, 603f–605f
during soft tissue healing, 328
stabilization exercises and, 522
for thoracic and lumbar regions, 530–536,

531f–536f
types of, 188–189
Valsalva phenomenon during, 189, 203

Isometric muscle contraction, 184, 184f
for power grips, 663
Valsalva maneuver during, 203

“Isotonic,” 190, 192
Isotonic muscle contraction, 179
IT band. See Iliotibial (IT) band

J
Jaw muscles, 482
Jogging, mid-water, 315
Joint Active Systems™ orthosis, 102, 102f
Joint capsule, 550f

injury of, 449
limiting of motion by, 134
stabilization and reconstruction of, 372

Joint dysfunction, 322
Joint effusion

as contraindication to joint 
mobilization, 133–134

in osteoarthritis, 776
Joint isolation exercises, 196
Joint mechanics. See Arthrokinematics
Joint mobilization/manipulation, 85–86, 127–128

accessory movements for, 128–132
under anesthesia, 129, 557–558
at ankle and foot, 857
arthrokinematics and, 129–132
contraindications and precautions 

for, 133–134
definition of, 127, 128
direction of movement for, 137, 137f
distraction force for, 132, 132f
documentation of, 135
efficacy of, 133
at elbow

contraindicated, after total elbow
arthroplasty, 639

hypomobility management, 628–629
after radial head excision, 633

grading dosages for, 135
non-thrust oscillation techniques, 135, 135f
non-thrust sustained joint-play techniques,

135–136, 136f
oscillation vs. sustained techniques, 136

in hand and wrist
carpal tunnel syndrome, 407, 407f
hypomobility, 666

for headache, 478
high-velocity thrust, 128, 136
at hip, 723
indications for, 132–133
initiation and progression of treatment with,

137–138, 137f
at knee, 777
limitations of, 133

mobilization with movement, 128 (See also
Mobilization with movement
(MWM))

muscle energy techniques, 129
in osteoarthritis, 343–344
as part of total program, 138
patient examination and evaluation 

for, 134–135
patient positioning for, 136–137
patient response to, 138
physiological movements for, 128
postfracture/immobilization 

period, 353–354
during postimmobilization period of fracture

healing, 353
in rheumatoid arthritis, 133, 134, 339, 857
self-mobilization, 128
at shoulder

after closed reduction of shoulder
dislocation, 585, 585f, 586

glenohumeral joint, 554–555
during soft tissue injury and 

healing, 325–326, 329
for spinal problems, 459, 464
stabilization for, 136–137
techniques for, 140

elbow and forearm complex, 145–149
hip joint, 154–156, 155f–156f
knee joint complex, 156–159
leg and ankle joints, 159–164
passive techniques, 139
shoulder girdle complex, 140–145
wrist and hand complex, 149–154

in temporomandibular joint 
dysfunction, 482–483, 483f

terms related to, 128–129
thrust for, 128
tips for effective, 137–138
treatment force for, 137

Joint motion
combined roll-sliding, 131
compression, 131–132
effects of, 132
joint shape and, 129
roll, 129–130, 130f
slide/translation, 129, 130–131, 130f

concave-convex rule, 130–131
spin, 131, 131f
traction/distraction, 132, 132f
types of, 129–132

Joint play
in ankle and foot, 857
in chronic stage of tissue healing, 331
definition of, 129
in hand and wrist, 666

Joint receptors, 266
Joint replacement. See Total joint replacement

arthroplasty
Joint stability, 3
Joint subluxation. See Subluxation
Joint tracking

ankle and foot, 857–858
elbow, 629

radioulnar articulation, 643, 644f
hand and wrist, 666–667, 667f
hip, 723, 724f
shoulder, 572

Joint traction, 132, 132f
long-axis, tibiofemoral articulation, 156, 157f
for PNF, 217
stretching and, 112

Joint(s). See also specific joints
of ankle and foot, 850f, 851–853
approximation of

during closed-chain exercise, 198
for PNF, 217

compression of, 131–132
costovertebral, 474
degenerative disease of, 341–344
distraction of, 132 (See also Distraction)
dysfunction of, 322
of elbow, 145–146, 146f, 624, 624f
fusion of (arthrodesis), 376–377, 377f, 377t
of hand and wrist, 658–660, 658f
of hip and pelvis, 154f, 715, 715f
hypermobility of (See Hypermobility)
hypomobility of (See Hypomobility)
inflammation of, 134 (See also Arthritis)
joint protection and energy conservation in

rheumatoid arthritis, 339
of knee and leg, 770, 770f
of leg and ankle, 160f, 850, 850f, 851–853
motions of bone surfaces within, 129–131,

130f–131f
ovoid, 129, 129f
postoperative protection of, 362–363
pregnancy-related laxity of, 986, 997
range of, 61
range of motion techniques for, 61–80
sellar, 129, 129f
shapes of, 129, 129f
of shoulder girdle, 140f, 547f
stability of, 906
subluxation of (See Subluxation)
surgery for disorders of, 373–377 (See also

Surgical intervention; Surgical
procedures)

Joints of Luschka, 419
Journals, professional, 13, 14
Jumper’s knee, 793
Jump(s)

four-quadrant, 933, 934f
and “freeze,” 912, 913f
lunge, 934, 934f
platform, 935, 935f
squat, 932, 933f
tuck, 933, 934f
zigzag forward, 924, 925f, 935, 935f

K
Kaplan approach, 631
Karvonen’s formula, 253
Kickboards, for aquatic exercise, 303, 303f
Kilocalorie, 249
Kinesthesia, closed- and open-chain exercise 

and, 199
Kinesthetic training (spine), 459, 464–465, 492,

493, 494t, 495–496
integration with stabilization exercises and

fundamental body mechanics, 496
to learn effects of movement on spine, 457
to learn position of symptom relief, 457, 

495–496
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for posture correction, 466, 495–496
preceding stabilization training, 514

Kinetic chain exercises, 196. See also Closed-
chain exercise; Open-chain exercise

Knee
apophysitis at, 793
bones and joints of, 156f, 770, 770f
continuous passive motion for, 78, 78f
dynamic stability of, 774
exercise techniques for

to improve muscle performance and
functional control, 832–840, 
835f–839f

to increase flexibility and range of motion,
830–832, 831f–832f

to simulate functional 
activities, 839–840, 839f

flexion contracture of, 786, 788
functional progression for, 839–840
functional relationships between hip motion

and, 719
gravity line at, 422, 422f
hip muscle imbalances causing pain at, 720
hip muscle weakness affecting function 

of, 773
housemaid’s, 793
hypomobility of, 775–779
ligaments of, 770–771, 770f, 772f (See also

Anterior cruciate ligament (ACL))
injuries of, 805

meniscus(i) of (See Meniscus(i) (knee))
mobilization techniques for, 156–159
mobilization with movement of, 778, 778f
muscle control during gait, 774

effect of hip and ankle impairments on,
774–775

nerve injuries at, 775
osteoarthritis of, 775–776, 775f

nonoperative management, 777–779
osteochondritis dissecans of, 793
osteoporosis of, 348f
patellofemoral dysfunction, 792–798
PNF diagonal patterns for, 216t
posttraumatic arthritis of, 776
rheumatoid arthritis of, 775, 776, 779
sources of pain referred to, 775
surgery for disorders of, 779–780

articular cartilage repair, 780–781, 782
ligament injuries

anterior cruciate ligament reconstruction,
812–814, 816–822

posterior cruciate ligament
reconstruction, 822–824

meniscal tear, 781, 825–829
patellar instability, 798–805
patellofemoral and extensor mechanism

dysfunction
distal realignment of extensor

mechanism, 804–805
lateral retinacular release, 798, 799, 800,

800–801t, 800–803, 804
proximal realignment of extensor

mechanism, 799–804
synovectomy, 780
total knee arthroplasty, 780, 781–792 (See

also Total knee arthroplasty (TKA))
traumatic injuries of, 793

Knee extension
aquatic exercises for

manual resistance, 311
manual stretching, 306, 306f
self-stretching, 307

closed-chain exercise for, 196, 197f
end-range, 121, 121f
exercises for patellofemoral dysfunction, 802
exercises to increase, 830–831, 831f
full-arc, 835
gravity-assisted stretching techniques 

for, 830–831
joint mobilization for, 777
manual resistance exercise for, 214–215, 214f
manual stretching techniques for, 118, 118f,

121, 121f
muscle function for, 773–774
open-chain exercises for, 833–835, 835f
range of motion for hip flexion combined

with, 69–70, 69–70f
self-assisted, 75, 75f

self-stretching technique for, 831
short-arc terminal, 796
after total knee arthroplasty, 787
unilateral closed-chain terminal, 837, 837f

Knee flexion
aquatic exercises for

manual, 306, 306f
self-stretching, 307

closed-chain exercise for, 196, 197f
exercises for lymphedema, 1038
exercises to increase, 831–832, 831f–832f, 

835–836, 836f
joint mobilization for, 777
manual resistance exercise for, 214, 214f
manual stretching techniques for, 119, 119f,

120–121, 121f
mobilization with movement for, 778, 778f
muscle function for, 774
open-chain exercises for, 196, 197f, 758
range of motion for hip flexion combined

with, 69, 69–70f
self-assisted, 75, 75f

self-stretching techniques for, 831, 831f
stretching for, 777–778
after total knee arthroplasty, 787

Knee to chest stretch, 751–752, 752f
Kneeling exercises

for balance/stability, 907–908, 907f, 908f
for hamstrings strengthening, 917–918, 918f
for quadriceps strengthening, 917–918, 918f

Kneeling fencer stretch, 751, 751f
Knee-to-chest movements, for lymphedema,

1036, 1038, 1039
Knowledge of performance (KP), 33, 34
Knowledge of results (KR), 33, 34
Kocher approach, 631
Kypholordotic posture, 430
Kyphosis, 430f, 570. See also Round back posture

in slouched posture, 550, 550f

L
Labor

cervical effacement and dilation 
during, 983, 984f

characteristics of, 983–984, 984f, 985f

1060 Index

precautions for breathing during, 1009
premature, 1012
preparation for, 1008
relaxation and breathing exercises during,

1008–1009
stages of, 983–984

Laminectomy, 466, 467
Lateral (radial) collateral ligament of 

elbow, 624, 625f
Lateral (femoral) collateral ligament (LCL) of

knee, 770f
injuries to, 806

Lateral epicondylitis, 387, 389
Lateral flexibility in spine, 503–505, 504f–505f
Lateral retinacular release (LRR), 798

complications of, 800
indications for, 799
outcomes of, 804
postoperative management and exercise 

after, 800–801t, 800–803
procedures for, 799

Lateral shift, correction of
extension techniques for, 462–464, 463f, 464f
flexion techniques for, 468, 469f

Latissimus dorsi muscle
manual stretching of, 599
self-stretching of, 599
strengthening exercises for, 614

“Lawnmower pull,” 615
Leading Health Indicators (LHI), 46
LEAP (Linking Evidence and Practice), 14
Learning, 27
Leg, 850

bones and joints of, 156f, 160f, 770, 770f
tibiofibular joint articulation, 159–160, 

159f, 160f
Leg length asymmetry, 720

after surgery for hip fracture, 744
after total hip arthroplasty, 731–732

Leg lifting style, 270–271, 271f
Leg lifts, 534. See also Straight-leg raise (SLR)

push-ups with a “plus” with, 609
quadruped, 757, 757f
standing, with trunk support, 757

Leg pain, 867–870
Legg-Calvé-Perthes disease, 378
Leg-lowering exercises

bilateral, 533
Levator ani muscle, 988f
Levator costarum muscle, 426f
Levator scapulae muscle

manual stretching of, 601, 601f
self-stretching of, 601, 601f

Lifting
advanced strengthening from, 914–915, 915f
balance during, 269–271, 270f, 271f
load position for, 541
lumbar spine position for, 541
repetitive, 542
safe, 271
after total elbow arthroplasty, 640

Ligament reconstruction and tendon interposition
(LRTI) arthroplasty, 680, 681

Ligamentous injuries of ankle and foot, 871–880
exercise after, 876–878
nonoperative management of, 871–874
outcomes of, 878–880
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postoperative management for, 876–878
preventing re-injury after, 876–878
procedures for, 875–876
surgery for, 371–372, 874–878, 875f

Ligamentous injuries of knee
in female athletes, 806–807
impairments and functional

limitations/disabilities due to, 807
mechanisms of, 805–806
nonoperative management of, 807–810
surgery for, 810–812

anterior cruciate ligament 
reconstruction, 812–814, 816–822

posterior cruciate ligament 
reconstruction, 822–824

types of, 805–806
Ligament(s). See also specific ligaments

of acromioclavicular joint, 547f
of ankle and foot, 851–853, 851f

injuries of, 871–880
collagen fibers of, 88f, 89
of elbow, 624, 624f
of glenohumeral joint, 547f
of hip, 715–716, 715f
injuries of

grading, 90
of knee, 770–771, 770f, 772f
longitudinal, 420
resistance exercise and adaptation of, 177
of shoulder, 548f
surgical repair/reconstruction of, 369
synthetic, 370

Ligamentum patellae, 771
Limb lengthening, 93
Limb loading

for cervical stabilization exercises, 519, 
520f–521f, 520t, 522

for lumbar stabilization exercises, 523, 523t,
524f–527f, 525t, 526–528

Limits of stability, 264–265, 265f
Linking Evidence and Practice (LEAP), 14
Liposuction, 1027
Literacy, health, 27, 43
Literature reviews, 13, 14
Load. See Exercise load; Intensity of exercise;

Overload principle
Local (muscle) endurance, 168
Locking mechanism of knee, 771
Longitudinal ligaments, 420
Longus capitis muscle, 426, 427f, 515
Longus colli muscle, 426, 427, 427f, 515
Loose-pack position. See Resting position
Lordosis, 421
Lordotic posture, 430, 430f
Lower extremity. See also specific structures

ankle and foot, 849–889
aquatic exercises for

independent strengthening exercises, 312,
313f, 314t

manual resistance, 310–311, 310f, 311f
manual stretching, 303, 305–306, 306f
self-stretching, 306–307, 307f

D1 extension pattern, 220–221, 221f
D1 flexion pattern, 220, 220f
D2 extension pattern, 221–222, 222f
D2 flexion pattern, 221, 221f
elastic resistance for strengthening, 234f

frontal plane deviations from asymmetries 
of, 433–434, 433f

functional relationships between hip motion
and, 719

hip, 714–765
knee, 770–840
leg length asymmetry, 720
lymphatic drainage exercises for, 1038–1039,

1038f–1039f
manual resistance exercises for, 212–215, 

212f–215f
manual stretching techniques for, 117–122
plyometric exercises for, 923, 931–935
PNF diagonal patterns for, 216t, 220–222,

220f–222f
range of motion techniques for, 69–72, 69f–72f

self-assisted, manual, 75–76, 75f–76f
self-assisted, reciprocal exercise unit, 78
self-assisted, skate board, 78

strengthening exercises for, 917–921
thrombophlebitis and deep vein thrombosis

in, 366–369 (See also Deep vein
thrombosis (DVT))

veins of, 366f
Lower hand, 64
Lowering, advanced strengthening 

from, 914–915, 915f
LRR. See Lateral retinacular release (LRR)
LRTI arthroplasty (ligament reconstruction and

tendon interposition), 680, 681
Lumbar joint manipulation/HVT techniques,

510–512, 510f–512f
Lumbar plexus, 389, 390f
Lumbar region. See also Trunk

alternating isometric contractions 
and rhythmic stabilization 
in, 530–531, 531f

deep segmental muscle activation and training
in, 457, 492, 514–515, 517–519, 
517f–518f

abdominal bracing, 517, 517f, 518, 
528–529

drawing-in maneuver for transversus
abdominis activation, 457, 470, 515,
517, 517f

multifidus activation, 514, 517, 
518–519, 519f

posterior pelvic tilt, 517, 517f, 518
global muscle stabilization exercises 

in, 523–529, 523t, 524f–528f
progression to dynamic exercises, 528
with progressive limb loading, 523, 523t,

524f–525f, 525t
quadratus lumborum, 528, 528f
variations and progressions, 526–528, 

526f–528f
isometric and dynamic exercises for, 530–536,

531f–536f
muscle relaxation for, 438–439
posterior manipulation to 

innominate, 513, 513f
SI joint manipulation techniques, 512–513, 512f
soft tissue injuries in, 472

Lumbar spine
aquatic exercises for

independent strengthening, 313, 314t
manual stretching, 304–305, 304f

arthrokinematics of, 419–420
clinical findings of intervertebral disc lesions

in, 447, 448f
facet joint orientation in, 419–420
HVT lumbar roll to increase 

rotation, 511–512, 512f
intervertebral side bending, manipulation 

to increase, 511, 511f
lifting style to reduce load on, 541
mobilization of, 471
muscle control in, 423t, 424–426, 424f–425f
passive positioning of, 457
pelvifemoral motion and, 719
position for lifting, 541
position of symptom relief in, 456, 457, 

468, 496
range of motion techniques for, 73, 73f
rotation of, manipulation to increase, 511, 511f
self-stretching to increase flexion 

of, 503, 503f
stretching to increase lateral flexibility, 503–505,

504f–505f
techniques for lesions with extension bias 

in, 462–465, 463f–464f
techniques to increase extension of

self-stretching, 503, 504f
traction applied to, 464, 503–504, 506f

Lumbar strain, 451
Lumbodorsal (thoracolumbar) fascia, 424, 424f,

425–426, 425f
Lumbopelvic region, pathologies of, 473–476
Lumbopelvic rhythm, 719
Lumbricals of foot, 392f
Lumbricals of hand, 388f, 661f, 662, 662f

isolated flexion of, 703
self-stretching of, 705–706, 705f, 706f
strengthening exercises for, 707

Lunge jumps, 934, 934f
Lunges, 762, 838–839

advanced strengthening with, 919–920, 919f
partial, 540, 762, 762f, 779, 838–839

Lung(s). See also Pulmonary disorders;
Respiratory system

Luschka, joints of, 419
Lymph nodes, surgical interventions for, 1021,

1027, 1028
Lymphadenectomy, 1021
Lymphadenitis, 1021
Lymphadenopathy, 1021
Lymphangitis, 1021
Lymphatic drainage exercises, 1034, 1035–1039,

1037f–1939f
Lymphatic load, 1020
Lymphatic system

disorders of (See Lymphedema)
examination and evaluation of, 1022–1023
lymph capillary and vessel, 1020f
structure and function of, 1019–1020, 1020f
vessels of, 1020f

Lymphedema, 1020
aquatic exercise for, 298
bioimpedance measurements, 1023
after breast cancer surgery, 1027–1033
exercise(s) for, 1025, 1033–1039, 1037f–1039f
location and severity of, 1021–1022
nonoperative management of, 1024–1027
primary and secondary, 1020–1021
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risk reduction, 1023, 1024
stages of, 1022
surgery for, 1027

M
Mallet finger deformity, 696
Malunion, 352, 628
Mandible, 426. See also Temporomandibular

joint (TMJ)
Mandibular elevator muscle group, 426
Manipulation

under anesthesia
definition of, 129
glenohumeral joint, 557–558

vs. mobilization, as terms, 127–128
of soft tissue, 86, 112
taxonomy of motor tasks and, 30

Manual contact, 217
Manual lymphatic drainage (MLD), 

1024–1025, 1025f
Manual resistance exercise, 23f, 184, 186–187

advantages and disadvantages of, 207
application of resistance and stabilization 

for, 208
aquatic, 307–311, 308f–311f
body mechanics of therapist for, 208
for cervical muscles, 530
definition and use of, 207
implementation of, 201–202
lower extremity

ankle, 215, 215f
hip, 212–214, 212f–214f
knee, 214–215, 214f

repetitions, sets, and rest intervals for, 208
techniques for, 208
upper extremity

elbow, 211, 211f
fingers and thumb, 212, 212f
forearm, 211, 211f
scapula, 210–211, 210f–211f
shoulder, 209–210, 209f–210f
wrist, 212, 212f

verbal commands for, 208
Manual stretching techniques, 85, 100–101, 103

in anatomical planes of motion, 112–122
application of, 108
for aquatic exercise, 303–306, 304f–306f
for cervical spine

to increase flexion, 498, 498f
to increase retraction, 498, 498f

in combined, diagonal patterns, 112
for elbow, 629
for lower extremity, 117–122

ankle and foot, 122
hip, 117–120
knee, 118–121

stabilization for, 112
for upper extremity, 115–117

elbow and forearm, 115–116
shoulder, 113–115, 113f–115f
wrist and hand, 116–117, 706

Manubrium, 140f, 547f, 548f, 549f
March Test, 475
Massage

as adjunct to stretching, 111–112
friction (cross-fiber), 86, 112

in ankle/foot overuse syndromes, 870
around cesarean incision site, 1012
in elbow overuse syndromes, 642
for scar tissue mobilization for tendon

adhesions, 704
myofascial, 86
to relieve postural stress, 439
during soft tissue injury and healing, 326, 329
for TMJ region, 482

Mastectomy, 1028
Maternal diabetes, 1012–1013
Maximal loading, 179–180, 180t
Maximum oxygen consumption. See under

Oxygen consumption
McMurray test, 824
MP joints. See Metacarpophalangeal (MP) joints
Measures and tests, 18–20
Mechanical resistance exercise, 184, 187–188,

223–224. See also Strengthening
exercises

advantages and disadvantages of, 224
for children, 225, 226
circuit weight training, 227
in fitness and conditioning programs, 224
implementation of, 201–202
for older adults, 965
in rehabilitation programs, 224
for strengthening hand muscles, 708

Mechanical stress, 429
Mechanical stretching, 85, 102–103, 102f

considerations for devices for, 107
of elbow, 645, 646, 646f

Medial (ulnar) collateral ligament of 
elbow, 624, 625f

Medial (tibial) collateral ligament of knee
(MCL), 770f, 771

injury to, 805, 806, 806f
Medial patellofemoral ligament

repair/reconstruction (MPFL)
indications for, 799
outcomes for, 803–804
postoperative management of, 800–801t, 

800–803
procedures for, 799

Median nerve, 386, 388f
compression in carpal tunnel, 386 (See also

Carpal tunnel syndrome)
entrapment at elbow, 626–627
injury of, 626–627
mobility of, 399
mobilization of, 407–408, 407f
testing and mobilization techniques 

for, 398–399, 399f
Medications

for adult adults, 947–948
balance and, 281
for complex regional pain syndrome, 411
falls related to, 273–274
patient safety and, 3

Meditation, mindful, 54
MedRisk Instrument for Measuring Patient

Satisfaction (MRPS), 26
Meniscectomy, 825, 829–830
Meniscus(i) (knee), 156f, 770–771, 770f, 824

tears of
nonoperative management of, 824–825, 825f
partial meniscectomy for, 825, 829–830
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surgical repair of, 781, 825
complications of, 826
exercise after, 827–829
exercise precautions, 827
indications and contraindications for, 825
outcomes of, 829
postoperative management and

immobilization after, 826–829
procedures for, 826

in “terrible triad” knee injury, 805, 806f
vascularity and healing of, 825, 825f

transplantation of, 825
Mental practice, 32
Metabolic adaptations to resistance exercise, 177
Metabolic equivalents. See METs
Metabolic rate, in pregnancy, 986
Metabolic waste accumulation theory, 204–205
Metacarpal bones, 658f
Metacarpophalangeal (MP) implant

arthroplasty, 671–676
complications of, 676
exercise after, 674
implants for, 672–673, 672f
indications for, 672
outcomes of, 675–676
postoperative management and

immobilization after, 673–675
procedures for, 672–673

Metacarpophalangeal (MP) joints, 658f, 659
arthrokinematics of, 659
of digits 2-5, 659
in extensor tendon exercises, 699
flexion of, strengthening muscle 

function, 707, 707f
in flexor tendon exercises, 693, 694, 

702–703, 702f
isolated extension of, 702f, 703
isolated flexion of, 702f, 703
mobilization techniques for

distraction, 154, 154f
glides and progression, 154, 154f

mobilization with movement of, 667
muscles causing actions of, 660–661t
range of motion techniques for, 68–69, 68f
in rheumatoid arthritis, 338f

exercises after extensor tendon repair, 684
stretching techniques for, 117
of thumb (See under Thumb)

Metatarsal bones, 850, 850f
Metatarsophalangeal (MTP) joints, 164, 853

arthrokinematics of, 852
flexion and extension exercises for, 890–891
of great toe

arthrodesis of, 866
extension of, 72, 72f, 891
gout in, 855
hypomobility of, 856

mobilization of, 164
range of motion techniques for, 72, 72f
rheumatoid arthritis in, 339f

METs, 249
Microfracture technique, 374

at hip, 725, 726t
at knee, 780

Midcarpal joint, 658–659, 658f
Middle Class Tax Relief Act of 2012, 19
Military Brace Test, 404
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Military press-up, 613, 613f
Mindfulness, 53–54
Mindfulness-based stress reduction (MBSR), 54
Minimum active tension (MAT)

after extensor tendon repair, 699
after flexor tendon repair, 699

“Mini-open” approach
rotator cuff repair, 577, 578, 578t, 579f
subacromial depression, 574

Mini-squats, 761, 761f, 779, 837, 838f, 953f
Mini-trampolines, 237
Mirror therapy, 412
Mobility

active, 83 (See also Active range of motion
(AROM))

as component of physical function, 2f
definition of, 2, 82
elbow, 628, 632–633
excessive (See Hypermobility)
functional, 82, 106

treatment sequence for enhancement of, 138
impaired, 82, 84t, 336
interventions to increase, 85–86
of nerves, 383–384

impairment of (See also Neural tension
disorders)

passive, 83
scales for, 275t, 276
shoulder

after closed reduction of shoulder
dislocation, 585, 585f

after glenohumeral joint 
stabilization, 590–592

after rotator cuff repair, 580, 581–582
after shoulder replacement 

arthroplasty, 564–566
after subacromial decompression, 575–576

spinal, 493, 494t, 496–497
terms related to, 83–86
wrist and hand, 666–667

Mobilization. See also Joint
mobilization/manipulation; Spinal
mobilization

vs. manipulation, as terms, 127–128
for neural testing (See Neural testing 

and mobilization)
Mobilization with movement (MWM)

for ankle and foot hypomobility, 857–858,
857f–858f

for de Quervain’s disease, 685–686
in de Quervain’s disease, 685–686
definition of, 128, 139
for elbow hypomobility, 629, 629f
for elbow overuse syndromes, 643, 644f
for glenohumeral joint hypomobility, 556–557,

556f, 557f
for hand and wrist hypomobility, 666–667, 667f
for hip joint tracking, 723, 724f
for knee hypomobility, 778, 778f
model of, 139
for painful shoulder syndromes, 572, 572f
patient response to, 139
principles and application of, 139

Model of Healthy Living Assessment Wheel, 44,
45f, 47

Modified Broström procedure, 875
Momentum, 264

Mosaicplasty, osteochondral, 780
Motivation

to change, 51
to exercise, 27, 175–176

Motor control, closed and open loop, 266
Motor imagery, 412–413
Motor learning, 27–28. See also Motor tasks

definition of, 27
feedback for, 33–35
instructional strategies for stages of, 36
vs. motor performance, 27
practice for, 31–32
pre-practice considerations for, 31
stages of, 31

Motor tasks. See also Motor learning
taxonomy of, 28, 29f, 30
types of, 28

Motor units, recruitment of, 177, 249
Moving and planting exercises, 912, 913f
MPS (myofascial pain syndrome), 344, 344t, 

346–347, 346f
MRPS (MedRisk Instrument for Measuring

Patient Satisfaction), 26
MTP joints. See Metatarsophalangeal (MTP)

joints
Multidirectional Reach Test, 275, 275t
Multifidus muscle, 425, 426, 426f

activation and training of, 514, 517, 
518–519, 519f

delayed or absent activation of, 514
strengthening exercises for, 534–536, 535f–536f

Multiple-angle isometrics, 189
elbow, 647–648
glenohumeral muscles, 603–604, 603f, 604f

self-applied, 604, 604f, 605f
knee, 834, 835
wrist and hand, 666

Muscle energy techniques (ME), 85, 129
to correct anterior, posterior, upslipped

innominates, 475, 476f
to correct ribs stuck in posterior/anterior

positions, 474, 474f
to increase craniocervical 

mobility, 502–503, 502f
Muscle fatigue, 171

factors influencing, 172
muscle fiber types and resistance to, 171, 171t
signs and symptoms of, 171
in stabilizing spinal muscles, 427–428
threshold for, 171–172

Muscle fibers
adaptation to resistance exercise, 177
of children, 172
hyperplasia of, 177
hypertrophy of, 177
of older adults, 175
resistance to fatigue and types of, 171, 171t
tension generation and, 170t

Muscle guarding, 322
effects on intervertebral discs, 461
as indication for joint mobilization, 132–133
after shoulder replacement arthroplasty, 565
temporomandibular joint dysfunction with,

481–482
Muscle imbalances

in hip region, 720, 748, 774
rotator cuff disease and, 570

shoulder impingement syndromes and, 570
spinal stability and, 428
temporomandibular joint dysfunction 

and, 481
Muscle performance. See also Muscle fatigue

age-related changes in, 172–175
ankle and foot exercises to improve, 890–894,

890f–894f
in arthritis, 336
carpal tunnel syndrome and, 407, 408
complex regional pain syndrome and, 412
as component of physical function, 2f
definition of, 2, 167
elbow exercises to improve, 629, 644, 647–652,

648f–652f
hand and wrist exercises to improve, 706–708,

707f–708f
headache management and, 478
hip exercises to improve, 724, 755–763, 

756f–763f
impaired posture and, 437
key elements of, 167
knee exercises to improve, 778–779, 796–797,

832–840, 835f–839f
during pregnancy, 1004
preoperative assessment of, 360
principles of, 168–169
resistance exercise to improve, 105–106
shoulder exercises to improve, 602–616, 

603f–606f, 608f–615f
in shoulder girdle complex, 557
spinal rehabilitation and, 457, 459, 467, 494t
strength, power, endurance and, 167–168

impact of exercise load and repetitions, 182
thoracic outlet syndrome and, 404, 405
types of muscle contraction and, 184, 184f

Muscle range, 61
Muscle relaxation techniques

during healing of soft tissue lesions, 329
to relieve postural stress, 438–439

Muscle spasm, 322, 322f
glenohumeral joint hypomobility 

and, 556, 556f
as indication for joint mobilization, 132–133
intrinsic, 322
in muscles of mastication, 481

Muscle spasm theory, 205
Muscle spindles, 93, 94, 94f, 266
Muscle tightness, 83
Muscle(s). See also Soft tissue; specific muscles

abdominal (See Abdominal muscles)
adaptation of, to training, 247
age-related differences in mass and strength 

of, 172, 173, 174–175, 261, 262
atrophy of, 93, 182
of back, 426f
contractile elements of, 92

inhibition of, 85
contraction of (See also Concentric muscle

contraction; Eccentric muscle
contraction)

co-contraction, 198–199
force-velocity relationship and, 185, 185f
isometric, 179

contraction types and muscle 
performance, 184, 184f

endurance of, 168 (See also Endurance)
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energy stores and blood supply to, 170
fatigue of (See Muscle fatigue)
functional excursion of, 61
noncontractile connective tissue of, 88f, 92
power of, 168, 182
properties of

mechanical and physical, 92–93
neurophysiological, 93–95

recovery from resistance exercise, 172
response to immobilization and

remobilization, 93
response to resistance exercise, 177
response to stretch, 92–93, 95
rupture/tear of, 321–322

surgical repair of, 370–373
soreness of

acute, 204
delayed-onset, 183, 204–206

spinal stability and influence of, 423, 423f,
423t, 424f

strength of, 167 (See also Strength)
age-related differences, 172, 173, 174–175,

261, 262
structure of, 92, 92f
surgical release or lengthening of, 373
surgical repair of, 370–371
synergy of, 268
tension generation during isometric 

exercise, 189
tension-generation factors of, 170–176, 170t
tightness of, 83
weakness of, 322

Muscle-setting exercises, 188
during acute stage of soft tissue injury, 326
ankle and foot, 857
for glenohumeral joint hypomobility, 554
gluteal, 757
knee

closed-chain, 836
for hypomobility, 777
open-chain, 833–836, 835f–836f

during labor, 1008
multiple-angle

for ankle and foot hypomobility, 857
for hand and wrist hypomobility, 666
for rotator cuff, 596, 603–604, 603f–605f

after shoulder replacement 
arthroplasty, 565, 639

Musculocutaneous nerve, 386, 387f
Musculoskeletal system

balance control and, 265, 266f
common impairments of, 7, 478
in pregnancy, 986

Musculotendinous factors at hip, 748
MWM. See Mobilization with movement

(MWM)
Myelin, 383
Myelopathy, cervical, 479–480
Myocardial oxygen consumption, 247–248
Myofascial compartment syndromes, 322
Myofascial massage, 86, 112
Myofascial pain syndrome (MPS), 344, 344t,

346–347, 346f
Myofascial release, 86, 478
Myofibrillogenesis, 93
Myofibril(s), 92
Myofilament, 92, 92f

Myofilament sliding, 92, 92f
Myosin, 92, 93
Myositis ossificans, 641
Myostatic contracture, 84
Myotomes, 384, 385
Myotomy, 373

N
Nagi model of disablement, 4
National Center for Medical Rehabilitation

Research (NCMRR) model of
disablement, 4

National Center on Health, Physical Activity, and
Disability (NCHPAD), 52, 53

National Lymphedema Network, 1027, 1033
National Osteoporosis Foundation, 348
National Wellness Institute, 44
Navicular, 160f, 850, 850f
NCHPAD (National Center on Health, Physical

Activity, and Disability), 52, 53
NCMRR (National Center for Medical

Rehabilitation Research) model of
disablement, 4

Near maximal loading, 179, 180t
Neck. See Cervical region; Cervical spine
Neck Disability Index, 454
Neck pain, 466, 478–479

temporomandibular joint dysfunction 
and, 481

Neer, C.S., classification system, 567
Nerve excursion, 383, 397, 399
Nerve gliding, 383

for carpal tunnel syndrome, 407, 407f
Nerve injuries, 392–396. See also specific nerves

at ankle/foot, 854–855
classification of, 393
common sites of, 384–392
at elbow, 626–627
at hip, 721
at knee, 775
mechanisms of, 393
patient instruction for preventive care 

after, 396
pregnancy-related compression syndromes,

997–998
recovery from, 393–395

management guidelines, 395–396
response to, 397
at shoulder, 552
at wrist, 663

Nerve regeneration, 394–395
Nerve roots, 384

forming brachial plexus, 384–385f
forming lumbar plexus, 389, 390f
forming sacral plexus, 389, 390f
spinal problems involving, 453–454

Nervous system. See also Peripheral nerves
adaptation to resistance exercise in, 176–177
balance control and, 265, 266f
joint motion and, 132
movement systems of, 268, 268t
spinal stability and, 427

Neural adaptations to resistance 
exercise, 176–177

Neural glide technique, 398
Neural slide, 400
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Neural tension disorders, 396–401
causes of, 397
management principles for, 398
provocation tests for, 397
signs and symptoms of, 397
testing for (See Neural testing and

mobilization)
Neural tension test, 397. See also Neural testing

and mobilization
Neural testing and mobilization

general procedure, 397
precautions and contraindications, 398
specific points, 397
techniques for upper quadrant, 398–399, 

399f–400f
Neural tissue (neuromeningeal) mobilization, 86
Neurodynamics, 397
Neurological disorders

carpal tunnel syndrome, 405–409
complex regional pain syndrome, 409–413
nerve compression syndromes in pregnancy,

997–998
spine-related symptoms of, 446, 449, 454
thoracic outlet syndrome, 401–405
ulnar nerve compression in tunnel of 

Guyon, 409
Neuromuscular control

after anterior cruciate ligament 
reconstruction, 819

as component of physical function, 2f
definition of, 2
after meniscal repair, 828
after shoulder trauma or surgery, 596

Neuromuscular facilitation and inhibition, 85
Neuromuscular re-education, for pelvic floor

dysfunction, 993–994
Neuromuscular system

common impairments of, 7
inhibition in, 94

Neuropraxia, 394f
Neurotmesis, 394f
Neutral position, 456. See also Symptom relief

positions
Neutral spine, 436, 453, 495

rolling with, 538
Neutral zone, spinal segment, 452–453, 453f
Newspaper crumple, 708
Nonstructural scoliosis, 432, 432f
Nonunion, 352
Non-weight-bearing bias, spinal problems with

management guidelines, 459–460
Non-weight-bearing exercise. See Open-chain

exercise
Nuclear bag fibers, 94
Nuclear chain fibers, 94
Nucleus pulposus, 418, 420–421, 421f

O
OA. See Osteoarthritis (OA)
Obesity

in older adults, 968–969
prevention of, 49
sarcopenic, 967, 967f

Oblique abdominal muscles, 424, 424f, 531
Oblique capitis muscles, 426f
Obturator externus muscle, 391f, 988f
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Obturator nerve, 391f
injury of, 390, 721

Occipito-atlanto (OA) joint, 419, 420f
Occupational Safety and Health 

Administration, 438
Older adults. See also Age/aging

activity limitations in, 8–9
aerobic exercise recommendations for, 254
benefits of exercise in, 945–947
common disorders and exercise

recommendations for, 961–962
cancer, 969–971
falls, 962, 963f
obesity, 968–969, 970
osteoarthritis, 968
osteoporosis, 964–967
sarcopenia/frailty, 967–968, 967f
type 2 diabetes mellitus, 971–972, 972t
urinary incontinence, 972–973

declines in sensory systems in, 273
definitions of, 939–940
effects of decreased activity in, 944–945
evaluation and assessment of, 947–948, 

949t, 950
websites for tests, 950

exercise prescription for
aerobic exercise, 951
balance training, 952
balanced program, 950–951, 950–951f
flexibility exercises, 951–952
modifications, 955, 958, 958f, 959f
resistance exercise, 952–955, 953f–956f,

956–957t, 958–961, 958f–959f
falls among, 273 (See also Fall prevention 

in elderly)
functional training in, 961
health promotion program for, 57
health trends in, 941
Healthy People 2020 vision for, 941
joint mobilization in, 134
multiple medical problems in, 941
muscle performance of, 173, 174–175
physical activity recommendations for, 51
physiological parameters affecting exercise 

in, 261–262
resistance exercise for, 174–175
stages of aging in, 940
wellness aging model for, 941–942, 942f

Olecranon process, 625f
Open environment, 28, 29f, 30
Open loop control, 267
Open surgical procedure, 369
Open-chain exercise

ankle and foot, 891–892, 891f, 892f
background on, 195
benefits and limitations of, 197–199
carryover to function and injury 

prevention, 194–195
characteristics of, 196, 197f, 197t
definition of, 184
elbow

alternating isometrics and rhythmic
stabilization, 648

combined pulling motions, 651, 651f
after total elbow arthroplasty, 640

hip, 735, 747, 756–758, 757f, 758f
implementation and progression of, 199

knee, 778, 833–836, 835f–836f
in anterior cruciate ligament injuries, 818
comparison with closed-chain exercise, 833t
for patellofemoral dysfunction, 796

rationale for, 197–199
shoulder, 605, 605f
terminology for, 195–196
after total hip arthroplasty, 735

Open-pack position. See Resting position
Opponens digiti quinti muscle of foot, 392f
Opponens digiti quinti muscle of hand, 388f
Opponens pollicis muscle, 388f, 708
OPTIMAL (Outpatient Physical Therapy

Improvement
in Movement Assessment Log), 25–26

Orthopedic surgery. See Surgical intervention;
Surgical procedures

Orthostatic hypotension, 259
Orthotics

in carpal tunnel syndrome, 406, 407, 408
foot/ankle, 857, 870, 872

after Achilles tendon repair, 882–884, 885
lateral ankle ligament tears, 879

for mechanical stretching, 102, 102f
in metacarpophalangeal implant 

arthroplasty, 673–674, 673f
for nerve healing, 395
in tendon repair, 683, 690, 690f, 691, 693f, 696,

698–699
static vs. dynamic, 701

Orthotics, foot/ankle, 857, 870, 872
after Achilles tendon repair, 882–884, 885
lateral ankle ligament tears, 879

Oscillation techniques
at ankle, 857
at elbow, 627
graded, 136
for joint effusion, 134
non-thrust, 135, 135f, 136
stretching and, 112

Osgood-Schlatter’s disease, 793
Osteoarthritis (OA), 341–344, 448, 552

of ankle and foot, 855–856
characteristics of, 342, 342f
compared with rheumatoid arthritis, 337t
effects of exercise in, 344
of facet joints, 449–450
of hand and wrist, 665, 665f

surgical intervention for, 667–685
of hip, 342f, 722

clinical prediction rules, 722
total hip arthroplasty for, 727–739

of knee, 775–776, 775f
nonoperative management, 777–779
patellofemoral, 793
total knee arthroplasty for, 781–792

management of, 342–344
in older adults, 968

Osteochondral autografts and allografts, 366,
776, 777

at knee, 780–781
Osteochondritis dissecans, 793
Osteophytes, 342f, 374, 683
Osteoplasty, 725, 726t
Osteoporosis, 347

compression fracture secondary to, 451, 473
exercise in, 349

management of primary, secondary, and
tertiary, 966t

in older adults, 964–967
pathological fracture and, 206
precautions and contraindications, 349–350
prevention of, 49, 348–349
program for, 56–57, 56t
in rheumatoid arthritis, 338f, 342
risk assessment for, 49, 50
risk factors for, 50, 347–348

Osteotomy, 378–379
at hip, 730, 734, 735
at knee, 780

Oswestry Disability questionnaire, 454
Otoliths, 266
Outcome measure, 19
Outcomes. See also Functional outcomes

areas of, 25
assessment of, 14, 25–26
factors that influence, 22
in plan of care, 22, 23

Outpatient Physical Therapy Improvement 
in Movement Assessment Log
(OPTIMAL), 25–26

Overflow effect (transfer of training). See
Cross-training effect (transfer 
of training)

Overhead pulleys. See under Pulleys
Overload principle

for aerobic exercise, 253
for resistance exercise, 168–169

Overstretch, 85
Overtraining, 172, 204
Overuse syndromes, 322

acromioclavicular joint, 558
ankle and foot, 867–870
elbow, 641–645
hand and wrist, 685–686
hip, 748–750
nonoperative management of, 642–645, 644f
rotator cuff, 571

Overwork, 204
Oxford progressive resistance exercise 

regimen, 226, 226t
Oxygen consumption

deconditioning and, 259
determinants of, 251
energy expenditure and, 249
fitness testing and, 251
maximum, 247, 251

age and, 261, 262, 942, 943t
myocardial, 247–248

Oxygen extraction from blood, 251, 256–257

P
Pain

ankle and foot, 867–870
relief after arthrodesis, 867
relief after total ankle arthroplasty, 863–865

after breast surgery, 1029
chronic pain syndrome, 324
chronic recurring, 331–333
complex regional pain syndrome, 409–413
as contraindication to resistance exercise, 207
disc lesions and, 446, 447
due to pelvic floor dysfunction, 990, 991
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due to spinal problems, 454
intervertebral disc lesions, 446

due to temporomandibular joint 
dysfunction, 481–482

elbow syndromes with, 641–642
after radial head excision, 633
relief after total elbow arthroplasty, 640

etiology of, 429–430
in fibromyalgia, 344–346, 344t, 345f
heel, 867–869
hip

painful hip syndromes, 748–750
relief after total hip arthroplasty, 737
relief in osteoarthritis, 723

impaired posture and, 429–430, 436
as indication for joint mobilization, 132–133
knee

patellofemoral dysfunction with, 792, 
793, 797

relief after total knee arthroplasty, 791
leg, 867–870
low back (LBP), 133, 288, 425, 438
management of

in headache, 478
in osteoarthritis, 342–343
in tissue injury and healing, subacute 

stage, 327
muscle soreness, 183, 204–206
in myofascial pain syndrome, 344, 344t, 

346–347, 346f
neck, 466, 478–479, 481
pelvic, 990, 991
postural pain syndrome, 429
posture-related, in pregnancy, 996
preoperative assessment of, 360
quality of, 134
referred

elbow region, 626–627
foot, 854–855
hand, 663
hip and buttock region, 721
knee, 775
shoulder region, 552

sacroiliac/pelvic girdle, in 
pregnancy, 996–997

shoulder syndromes with, 567–569
relief after rotator cuff repair, 580–581
relief after shoulder replacement

arthroplasty, 563, 566
soft tissue lesions with, 322, 323–324, 323f
wrist and hand

relief after carpometacarpal arthroplasty of
thumb, 682

relief after metacarpophalangeal
arthroplasty, 675–676

relief after proximal interphalangeal
arthroplasty, 679

relief after total wrist arthroplasty, 671
Palmar interossei, flexion of, 703
Palmaris brevis muscle, 388f
Palmaris longus muscle, 388f
Palmaris longus tendon, 405f
Parallel bars, 200
PAR-Q+ (Physical Activity Readiness

Questionnaire), 948
Part practice, 32
Partial pressure of oxygen (PO2), 251

Participation
definition of, 8
screening prior to, 49

Participation restriction, 5t, 6, 8–9, 8f, 10, 337
Passive flexibility, 83. See also Passive range of

motion (PROM)
Passive insufficiency, 61
Passive range of motion (PROM), 62. See also

Range of motion (ROM)
during acute stage of soft tissue injury, 325
application of, 64
goals for, 62
indications for, 62
knee, 776
limitations of, 62
other uses for, 62
precautions and contraindications to, 63
for shoulder, 553–554
transition to active ROM from, 64

Passive stretching, 85
for elbow overuse syndromes, 643
for temporomandibular joint 

dysfunction, 482
Patella, 156f, 770f

alignment of, 771–772, 771f
bipartite, 793
chondromalacia of, 793
compression forces on, 773
contact area of, 773
function of, 771–773
in knee extension, 773
malalignment and tracking problems 

of, 772–773, 793
medial tipping of, 796, 796f
mobilization of

after anterior cruciate ligament
reconstruction, 819

after meniscal repair, 828
in patellofemoral dysfunction, 795–796,

795f, 796f
osteoarthritis of, 793
osteochondritis dissecans of, 793
stabilizers of, 772, 772f
taping of, 796

Patellar instability, surgery for, 798–805
Patellar pressure syndrome, 793
Patellar tendinitis, 793
Patellar tendon, 772, 772f
Patellofemoral dysfunction, 719

etiology of, 792–795
impairments and functional

limitations/disabilities due 
to, 719, 794

instability, 792
nonoperative management of, 795–798
pain syndrome outcomes, 797–798
pain with malalignment, 793
pain without malalignment, 793
pathologies related to, 792–795
surgery for

distal realignment of extensor 
mechanism, 804–805

lateral retinacular release, 798, 799, 800,
800–801t, 800–803, 804

overview of options, 798–799
proximal realignment of extensor

mechanism, 799–804

1066 Index

Patellofemoral joint, 156f, 771
comparison of femoral and patellar

orientation, 772
mechanics of, 771
mobilization techniques for, 158

distal glide, 158–159, 159f
medial-lateral glide, 159, 159f

Patellofemoral ligaments, 772, 772f
medial ligament, realignment, reconstruction,

or repair of, 799–804
Patellofemoral pain syndrome (PFPS), 792. See

also Patellofemoral dysfunction
Patellotibial ligaments, 772, 772f
Pathological fracture, 206
Patient

adherence to exercise program, 35, 37, 53, 57t
communication with, 18
definition of, 2
determining readiness to change, 49–51, 51f
motivation to change, 51
motivation to exercise, 27
risk assessment of, 49
safety of, 3–4
satisfaction of, 26

Patient Health Questionnaire for Depression and
Anxiety (PHQ-4), 454

Patient management, 11
clinical decision-making and, 12
coordination, communication, documentation

and, 12–13
evidence-based practice and, 13–14
model of, 14, 15f, 27

diagnosis, 14, 20, 21
evaluation, 14, 20–21
examination, 14, 15–20
intervention, 14, 23–25, 23f
prognosis and plan of care, 14, 21–23

outcomes assessment, 14, 25–26
postoperative, 361–365
preoperative, 360–361

Patient Protection and Affordable Care Act, 44
Patient satisfaction, 26
Patient-Rated Wrist Evaluation, 671
Patient-related instruction, 24, 27–37

in ankle/foot overuse syndromes, 871
after breast cancer surgery, 1031, 1033
in carpal tunnel syndrome, 406, 408
in complex regional pain syndrome, 413
cumulative trauma syndromes, 334
definition of, 24
for elbow and forearm hypomobility, 627
in elbow overuse syndromes, 645
to enhance adherence to exercise, 36–37
for exercise in pregnancy, 1004
for home hip exercise program, 750
for knee joint hypomobility, 776, 777
for lateral shift correction, 464
for lymphatic conditions related to breast

cancer, 1029
for motor learning, 27–37 (See also Motor

learning)
for nerve injury, 395, 396
in osteoarthritis, 342
for osteoarthritis in hip, 723, 724
for osteoarthritis in knee, 776, 777
for osteoporosis prevention, 49t
painful hip syndromes, 749, 750
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in patellofemoral dysfunction, 795
for pelvic floor impairments, 993
for PNF, 217
preoperative, 360–361
to prevent recurrence of shoulder pain, 573
to prevent spinal problems, 540–541
for preventive care after nerve injury, 395, 396
for resistance exercise, 202

manual, 208
in rheumatoid arthritis, 339, 340

in hip, 724
for self-assisted range of motion techniques, 74
for self-stretching exercises, 107
for shoulder syndromes, painful, 571, 572, 573
for spinal problems, 456, 464, 468

prevention, 542–543
for spinal surgery, 467
for spine exercises, 464, 465, 493
during stages of soft tissue injury and repair,

324, 326, 331
study on, 24–25
in thoracic outlet syndrome, 405
for tissue injury and healing

acute stage, 324
chronic stage, 331
subacute stage, 326–327

after total knee arthroplasty, 789, 790
Patient-Specific Functional Scale, 454
PAVS (Physical Activity Vital Signs), 948
Pectineus muscle, 391f
Pectoral nerves, 386f
Pectoralis major muscle

manual stretching of, 599, 599f
self-stretching of, 599–600, 600f
strengthening exercises for, 614

Pectoralis minor muscle, 402f, 550, 551
manual stretching of, 600, 600f
self-stretching of, 600–601

PEDro (Physiotherapy Evidence Database), 14
Pelvic bridges, supine, 917, 917f
Pelvic clock exercises, 1006–1007
Pelvic drop, 718, 718f, 760
Pelvic floor

anatomy of, male and female, 988–989t
childbirth effects on, 988–990
dysfunction of, 987, 990–991

biofeedback for, 994
interventions, 992–994
risk factors for women, 991
treatment in males, 992

exercises for, 998–999, 1005, 1009
motor learning of, 990
muscles of, in pregnancy, 986
musculature of, 987–988, 988f

after cesarean delivery, 1010
innervation of, 988
patient education, 993
postpartum strengthening of, 1009
training and strengthening exercises during

pregnancy, 998–999
Pelvic girdle pain, in pregnancy, 996–997
Pelvic lifts, 532, 533f
Pelvic motion training, in pregnancy, 1006
Pelvic organ prolapse, 990, 990f
Pelvic tilt

anterior, 717, 717f
muscle imbalances with, 720

exercises for lymphedema, 1036
in flat low-back posture, 431
head lift with, for diastasis recti, 1005–1006,

1006f
kinesthetic training and, 464–465, 494t
lateral, 718, 718f
posterior, 717f, 718

exercises for, 517, 517f, 518
posture training and, 436
in pregnancy, 1006

Pelvifemoral motion, 719
Pelvis

bones and joints of, 154f, 715, 715f
functional relationships of hips and, 717–719
motions of, 716, 717–719, 717f (See also

specific pelvic motions)
neutral position of, 717f
pelvifemoral motion of, 719
in relaxed/slouched posture, 431
rotation of, 718, 718f
shifting of, 718

Pendulum (Codman’s) exercises, 554, 595, 595f
Perceived Wellness Survey, 44, 47
Performance, 27
Performance motivation, 51
Periacetabular osteotomy, 378–379
Periarthritis (frozen shoulder), 552, 553
Periarticular contracture, 84
Perimysium, 88f, 92–93
Perineurium, 383, 383f, 384, 394f, 1008
Periodized training, 178, 185–186
Peripheral joint mobilization. See Joint

mobilization
Peripheral nerves. See also specific nerves

common sites of injury to, 384–392
injury(ies) of, 384, 392–396 (See also Nerve

injuries)
in lower quarter, 381f–392f, 385, 389–392
mobility of, 383–384

impairment of (See also Neural tension
disorders)

structure of, 383, 383f
in upper quarter, 385, 386–387, 387f, 389, 389f

Peripheralization, 447, 448f
Perometer, 1023
Peroneal muscle, 122
Peroneal nerves, 391–392, 392f, 393f

injury of, 775
Peroneal nerve(s)

injury of, 854
Peroneus brevis muscle, 393f
Peroneus brevis tendon graft, 875
Peroneus longus muscle, 393f, 854
Peroneus tertius muscle, 393f
Personal factors, in ICF framework, 5f, 5t, 6, 9–10
Perturbation training. See Balance training
Pes anserinus muscle group, 774
Pes cavus, 853, 854, 868, 869
Pes planus, 775, 853, 866
Pes valgus, 775, 866
Petrous sinus release, 482
Phalanges of foot, 850

proximal, dorsal dislocation on metatarsal
heads, 856

Phalanges of hand, 658f
Phasic fibers. See Fast-twitch fibers
Phlebolymphedema, 1021

Phosphagen system, 248
Phosphocreatine, 248
Physical activity

age-related recommendations for, 51
definition of, 246

Physical Activity Guidelines for Americans, 51
Physical Activity Readiness Questionnaire 

(PAR-Q+), 948
Physical Activity Vital Signs (PAVS), 948
Physical fitness. See Fitness
Physical function

interrelated components of, 2, 2f
Physical practice, 32
Physical therapist

communication and coordination with
another provider by, 12–13

health and wellness knowledge and skills
needed by, 47–48t

required knowledge of, 1
roles of, 43, 48, 53
safety of, 3, 4
societal transformation by, 46

Physical therapy
reasons for seeking, 1
scope of practice of, 6

Physical Therapy journal, 14
Physical Therapy Outpatient Satisfaction Survey

(PTOPS), 26
Physiological effects

of deconditioning, 259
of exercises (See under Exercise)

Physiological movements, 128
Physiotherapy Evidence Database 

(PEDro), 14
Pike position, on gym ball, 534
Pilates, 111
Pillars, 418, 418f
Pinch, 663
PIP. See Proximal interphalangeal (PIP) joints 

of digits
Piriformis muscle, 748, 988f
Piriformis syndrome, 390, 720
Pisiform, 658
Place-and-hold exercises, for flexor and extensor

tendons of hand, 692, 693, 694, 
701–702

Placenta previa, 1012
Plan of care

for breast surgery for cancer, 1031–1032
for cesarean childbirth, 1011
for high-risk pregnancy, 1013–1014
for impaired posture, 434–435
for osteoarthritis, 343
in patient-management model, 14, 15f, 

22, 23
for pelvic floor impairments, 992–993
for postfracture, 353, 354
for postoperative rehabilitation, 363–365
for pregnancy and postpartum, 1002–1003
for rheumatoid arthritis, 340
for spinal problems, 456, 460
for Thromboembolic disorders, 368
for tissue injury

acute stage, 325
chronic inflammation, 333
chronic stage, 330
subacute stage, 327
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Planks, 533–534, 533f, 534
Plantar calcaneonavicular (spring) 

ligament, 851f, 853
Plantar fascia, stretching of, 890
Plantar fasciitis, 869
Plantar ligaments, 851f, 853
Plantar nerves, 391, 392f, 400

injury of, 854–855
Plantarflexion. See Ankle plantarflexion
Plantar-grade “walking,” 917
Plantaris muscle, 392f
Plasticity, 88, 90
Platform hops/jumps, 935, 935f
Plica syndrome, 793
Plyometric training, 168, 185, 921–935

activities for upper and lower extremities, 923
advanced functional training, 921–935
application and progression of, 924
definition and characteristics of, 921–922
for elbow, 644, 652
for knee, 840
for lower extremities, 923, 931–935
neurological and biomechanical influences in,

922–923
precautions for, 924, 925
for shoulder, 592
for upper extremities, 923, 924–931

Pneumatic variable-resistance units, 232
PNF. See Proprioceptive neuromuscular

facilitation (PNF)
Polypharmacy, 947
POMA (Tinetti Performance-Oriented Mobility

Assessment), 274t, 275t, 276
Pools for aquatic exercise, 300–301, 300f, 

301f, 303
Popliteus muscle, 390, 392f, 774
Position of bias, 495. See also Symptom relief

positions
Positional fault model, 139
Positions of symptom relief. See Symptom relief

positions
Posterior cruciate ligament (PCL), 770f, 771

mechanisms of injury of, 806, 806f
reconstruction of, 822–824
in total knee arthroplasty, 782, 783, 783f

Posterior pillar of spine, 418, 418f
Postoperative management. See also Surgical

intervention; specific surgical
procedures

Postpartum exercises, 1002–1004, 1009–1010
Posttraumatic arthritis, 667–668, 776
Postural alignment, 422, 422f
Postural control, 2, 2f, 266–267, 906. See also

Balance control
anticipatory tests, 275–276, 275t
integration of, into exercise, 496
for managing osteoporosis, 965–967
reactive tests, 275t, 276

Postural dysfunction, 429–430
Postural fault, 429
Postural habits, 430
Postural pain syndrome, 429
Postural reactions, automatic, 268, 268t
Postural (nonstructural) scoliosis, 432, 432f
Postural stability. See Balance
Postural strain, 452
Postural Stress Test, 275t, 276

Postural support, 436
Posture

effects of breathing on, 428
ergonomics and, 437–438
faulty, 430–434, 430f
flat low-back, 430f, 431
flat upper-back and neck, 430f, 432
foot/ankle complex and, 853
impaired, 429

in breast cancer patients, 1030
in cervical and thoracic region, 431–432
extremity function, 436
frontal plane deviations from lower

extremity asymmetries, 433–434, 433f
headache due to, 477–478
management of, 434–439
pain and, 429–430, 436
in pelvic and lumbar region, 430–431, 430f
rotator cuff disease and, 570
shoulder impingement syndromes and, 570
shoulder replacement arthroplasty and, 561
thoracic outlet syndrome and, 402–403

kinesthetic training for correction of, 466,
495–496

kypholordotic, 430
kyphotic, 430, 430f, 570
lordotic, 430, 430f
in pregnancy, 986–987, 987f, 1005
preoperative assessment of, 360
relaxed/slouched, 430f, 431, 530, 530f
round back with forward head, 430f, 431
in scoliosis, 432–433, 432f
spinal stability and, 422–429

Posture training, 435–436, 435f. See also Balance
training

for cervical spine, 435, 435f, 522
pelvic tilt and, 436
in pregnancy, 996
for thoracic spine, 436

“Potential coper/non-coper,” 807–808
Powder board, 78
Power, 168, 182

assessment of, in older adults, 948, 949t, 950
Power grips, 663
Power training, 168
Practice for motor learning, 31–32

blocked, random, and random-blocked, 32
part vs. whole, 32
physical vs. mental, 32

PRE (progressive resistance exercise), 180, 192,
225–227

Precautions and/or contraindications
after Achilles tendon repair, 886
for aerobic exercise during pregnancy, 1001
for ankle exercises, 888–889
for anterior cruciate ligament reconstruction,

812, 818
for aquatic exercise, 296–297
for arthroplasty procedures, 376

carpometacarpal joint of thumb, 681
elbow, 633, 634, 639, 640
hip, 728, 734, 735, 736, 739–740
metacarpophalangeal joints, 675
proximal interphalangeal joints, 678
wrist, 668, 670

after articular cartilage repair, 782
after Bankart repair, 590
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for bilateral straight-leg raising, 533
for bilateral toe touching, 754
after breast cancer surgery, 1033
for breathing during labor, 1009
for cardiac rehabilitation program, 258
after carpal tunnel syndrome surgery, 408
for cervical spine assessment, 450
after closed reduction of shoulder 

dislocation, 585
for diabetes mellitus, type 2, older adults, 971
for distal realignment of extensor mechanism

of knee, 804
for eccentric exercise, 191
for elbow injury, 628
for exercise in pregnancy, 1001–1002, 

1004–1005, 1006
for extension exercises in prone position, 534
after extensor tendon repair, 684
after flexor tendon repair, 692, 693, 694
flexor tendon-locking exercises, 702
in glenohumeral joint hypomobility, 

553–554, 555
after glenohumeral stabilization, 590, 591, 592
for hamstring curls, 836
for hand and wrist, 665, 666

extensor tendon transfer or 
reconstruction, 684

for high-velocity thrust (HVT), 506
after hip fracture, 745
after hip fracture open reduction/internal

fixation, 745
after hip hemiarthroplasty, 739–740
for inflammation, 325, 327, 330
for isometric exercise, 189
for joint mobilization interventions, 

133–134, 857
for knee closed-chain exercises, 797
for knee extension exercises, 796
in knee hypomobility, 777
for lumbar joint manipulation, 506
for lymphedema, 1024
after meniscal surgery, 827, 830
for muscle energy techniques, 502
for muscle relaxation, 438–439
for neurodynamic testing and treatment, 398
in osteoporosis, 349–350
in patellofemoral dysfunction, 796, 797
for pendulum exercises, 595
after posterior cruciate ligament

reconstruction, 823
for postpartum exercise, 1010
for proximal extensor realignment, 799, 802, 803
after proximal interphalangeal 

arthroplasty, 678
after radial head excision, 631, 633
for range of motion exercises, 63
after repair of ankle ligament tears, 877, 878
for resistance exercise, 203–206

during tissue healing, 328
in rheumatoid arthritis, 339–340, 341, 450
after rotator cuff repair, 581
for scar tissue mobilization for tendon

adhesions, 704
for short-arc terminal extension, 835
for shoulder girdle exercises, 404
for shoulder replacement arthroplasty, 564, 565
after shoulder stabilization, 590, 591, 592
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for shoulder syndromes, 571
during soft tissue injury and repair, 328
for spinal extension and flexion, 462
for spinal manipulation, 500
for spinal problems

extension bias, 462
flexion bias, 468

after spinal surgery, 467
for stress testing and exercise program, 252
for stretching, 86
for swimming, 315
for thoracic manipulation, 506
for total ankle arthroplasty, 860
for total hip arthroplasty, 728, 734, 735, 736
for total joint replacement arthroplasty, 376
after total knee arthroplasty, 787, 788
after traumatic injury of elbow, 628
for trunk flexion, 532
for vertebral arteries, 476–477, 502

Precision patterns, 663
Prediction tools. See Clinical prediction 

rules (CPRs)
Preeclampsia, 1012
Pre-event stretching, 87
Pregnancy. See also Childbirth; Labor

aerobic exercise during, 999–1001
anatomical and physiological changes 

of, 984–987
characteristics of, 983
diabetes in high-risk, 1012–1013
diastasis recti in, 994–996, 994f, 995f, 

1005–1006, 1006f
exercise during

critical areas of emphasis, 1005–1008
management guidelines, 1002–1004
precautions and contraindications, 1001–1002,

1004–1005, 1006
sequence for, 1003
unsafe exercises and postures, 1009

high-risk, 1012–1015
bed exercises for, 1014

joint laxity in, 986, 997
multiple gestation, 1012
nerve compression syndromes in, 997–998
postpartum exercises, 1009–1010

management guidelines, 1002–1004
postural back pain in, 996
sacroiliac/pelvic girdle pain in, 996–997
varicose veins in, 997
weight gain in, 984, 985

Preoperative exercise programs, 361
Preoperative management, 360–361
Preoperative patient education, 360–361
Press and throw exercises, 925, 925f
Press-ups

military, 613, 613f
prone, 751
upright, 610, 610f

Preterm rupture of membranes, 1012
Prevention, 10, 46

of adverse effects of immobility during acute
stage of tissue injury, 324–325

of delayed-onset muscle soreness, 205
of falls, 49t

in elderly, 281–287, 962, 963f
financial investment in, 44
of lymphedema, 1023, 1024

of osteoporosis, 348–349
of pathological fracture, 206
primary, secondary, and tertiary, 10, 48
program for, 54, 55, 56–57, 56t
of spinal problems, 542–543

Prevention and Public Health Fund, 44
Procedural intervention, 23–24, 23f
Professional journals, 13, 14
ProFitter®, 236–237, 236f, 616t, 929
Prognosis, 14, 15f, 21–22
Progressive relaxation, 110
Progressive resistance exercise (PRE), 180, 192,

225–227
Prolapse, pelvic organ, 990, 990f
PROM. See Passive range of motion (PROM)
Pronator quadratus muscle, 387f, 626
Pronator teres muscle, 388f, 626
Prone bridging, 533–534, 533f
Prone hang, 830–831
Prone knee bend, 401, 401f
Prone press-ups, 751
Prone stretch, 753
Proprioception

activities for ankle and foot disorders, 858, 873
activities for knee disorders, 830, 839–840

after anterior cruciate ligament
reconstruction, 819

after meniscal repair, 828
closed- and open-chain exercise and

improvement in, 199
deficits in, 272

Proprioceptive neuromuscular facilitation (PNF),
85, 103–105

approximation for, 217
basic procedures with PNF patterns, 216–217
manual contacts for, 217
maximal resistance for, 217
normal timing of, 217
PNF diagonal patterns, 216, 216t

lower extremity, 220–222, 220f–222f
upper extremity, 218–220, 218f–220f, 614,

614f, 651
for postfracture, 354
principles of, 215–217
specific techniques with, 222–223
stretch reflex in, 217
stretch stimulus for, 217
stretching techniques, 103–105, 104f
therapist’s position and movements for, 217
traction for, 217
verbal commands for, 217
visual cues for, 217

Prosthetic joints, 375–376. See also Implants and
prostheses; Total joint replacement
arthroplasty

Proteoglycans (PGs), 89, 420–421
Protrusion of intervertebral disc, 444, 445f
Provocative tests

for lateral epicondylitis, 642
for medial epicondylitis, 642
for neural tension disorders, 397

Proximal interphalangeal (PIP) implant
arthroplasty, 676–679
Boutonnière deformity and, 678
comparison of surgical approaches for, 677t
exercise after, 677–679
immobilization after, 677

implants for, 676–677
indications for, 676
outcomes of, 679
procedures for, 676–677
swan-neck deformity and, 678

Proximal interphalangeal (PIP) joints of digits,
117, 212, 212f, 658f, 659, 662

isolated extension of, 703
isolated flexion of, 702f, 703

Proximal realignment of extensor mechanism 
of knee, 799–804

Pseudomonas aeruginosa, 303
Pseudomyostatic contracture, 84
Psoas bursitis, 748
Psoas major muscle, 391f
Psoas minor muscle, 391f
Psychological factors

breast cancer and, 1031
resistance exercise and, 175–176

PTOPS (Physical Therapy Outpatient
Satisfaction Survey), 26

Puberty, 172, 173
Pubic symphysis, 154f, 715f, 988f
Pubis, 154f, 715f
Public health, 43
PubMed, 14
Pubofemoral ligament, 715, 715f, 716
Pull Test, 275t, 276
Pulleys. See also Weight-pulley systems

overhead, 77–78, 78f
wall, 652, 652f

Pulling motions, 651, 651f. See also
Pushing/pulling

Pull-ups, 651, 651f
Pulmonary disorders. See also Breathing;

Respiratory system
after breast cancer surgery, 969
postoperative, 365

Pulmonary embolisms, 365, 366, 367
Pulmonary system

in older adults, 943, 944f
Pulmonary system, in pregnancy, 985–986
Pulse rate, resting, 256
Pumping exercises, 788
Push and Release Test, 275t, 276
Pushing motions, combined, 651–652, 652f
Pushing/pulling

advanced strengthening exercises, 915, 915f
heavy objects, 921, 921f
repetitive, 542
weighted cart, 615, 615f

Push-offs
from a waist-level surface, 931, 931f
from a wall, 930, 930f

Push-ups
advanced planks with, 534
advanced strengthening exercises, 915–916,

915f, 916f
modified, for older adult, 953f
with a “plus,” 609, 609f
prone push-up variations, 931, 931f
scapular, 609f
seated, 652f
semi-prone, 652f
standing, in pregnancy, 1007
with trunk stabilization, 539, 539f

PVD. See Peripheral vascular disease (PVD)
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Q
Q-angle, 720, 771, 771f, 772, 773, 775
Quadratus lumborum muscle

stabilization exercises for, 528, 528f
trunk side bending for, 535–536, 536f

Quadratus plantae muscle, 392f
Quadriceps femoris muscle group

in control of knee during gait, 774
function of, 773
muscle-setting exercises for (quad sets), 788
open-chain exercises for, 796, 

833–835, 835f
strengthening of

kneeling exercise, 917–918, 918f
after total knee arthroplasty, 787, 

788, 791
stretching of, 97f
weakness of

after anterior cruciate ligament
reconstruction, 818

due to knee impairment, 776
after total knee arthroplasty, 787, 791

Quadriceps tendinitis, 793
Quadriceps tendon, 772f
Quadruped forward/backward shifting, 540
Quadruped leg lifts, 757

in pregnancy, 1007, 1007f
Quadruped stretch, 752, 752f
Quality of life

health-related, 43
after total hip arthroplasty, 737
after total knee arthroplasty, 789–790

R
RA. See Rheumatoid arthritis (RA)
Radial and ulnar deviation. See under Wrist
Radial collateral ligament, 624, 625f
Radial head excision, 630, 631–633
Radial nerve, 387, 389, 389f

in axilla, 552
injury of, 387, 389, 626
testing and mobilization techniques 

for, 399, 399f
Radiation therapy, for breast 

cancer, 1028–1029, 1033
Radiculopathy, 449, 466, 479
Radiocarpal (RC) joint, 658, 658f

arthrokinematics of, 658
mobilization techniques for, 150

distraction, 150, 150f
general glides and progression, 150–151, 150f

Radiographs, 469
Radioulnar (RU) articulation

distal, 149
arthrokinematics, 625
characteristics, 625
dorsal/volar glides of, 149, 149f

proximal, 148
arthrokinematics, 625
characteristics, 625
dorsal/volar glides of, 148–149, 149f

restoring tracking of, 629, 629f
Radius, 146f, 624f, 658f

Colles’ fracture of, 628
excision of head of, 630, 631–633
subluxation of, 628

surgical options for displaced fractures of head
of, 630

Rami communicantes, 383f
Random practice, 32
Random/blocked practice, 32
Range of motion (ROM), 61. See also Self-

assisted range of motion (S-AROM);
specific structures

active (AROM), 62, 63–64
active-assistive (A-AROM), 62
ankle and foot, 856, 857

after Achilles tendon repair, 881, 882, 
884–886

after arthrodesis, 867–868
exercises to increase flexibility 

and, 888–890, 889f
after lateral ligament repair, 876
after total ankle arthroplasty, 862–863

application of techniques for, 64
in arthritis, 336
after breast cancer surgery, 1033
cervical spine techniques, 72, 72f
continuous passive motion, 78–80, 78f
definition of, 83
dynamic, 101, 104, 105
elbow

exercises to increase flexibility and, 645–647,
646f–647f

in overuse syndromes, 643
after radial head excision, 632–633
after total elbow arthroplasty, 638, 639

examination and evaluation for, 63
functional, 82
hand and wrist

after carpometacarpal arthroplasty of
thumb, 681, 682

exercises to increase flexibility and, 704–706,
705f–706f

after extensor tendon repair in rheumatoid
arthritis, 684

after flexor tendon repair, 694
hypomobility, 666
after metacarpophalangeal implant

arthroplasty, 674–675, 676
after proximal interphalangeal implant

arthroplasty, 678, 679
after wrist arthroplasty, 670, 671

in high-risk pregnancy, 1015
hip, 750–755, 751f–756f
knee, 776

after anterior cruciate ligament
reconstruction, 816, 818, 819

after distal realignment of extensor
mechanism, 805

exercises to increase flexibility and, 830–832,
831f–832f

for joint hypomobility, 723, 777–778
after lateral retinacular release, 802, 803
after medial patellofemoral ligament repair

and related procedures, 802, 803
meniscal repair, 827–828
after posterior cruciate ligament

reconstruction, 824
after proximal realignment of extensor

mechanism, 802, 803
after total knee arthroplasty, 787, 788,

788.789, 789, 791
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lower extremity techniques, 69–72, 69f–72f
lumbar spine techniques, 73, 73f
in lymphedema, 1022
after meniscal surgery

knee, 828
after open reduction/fixation, 745
passive, 62, 63, 325
patient positioning for, 64
precautions and contraindications to, 63
preoperative assessment of, 360
preparation for, 64
for resistance exercise, 185
shoulder

exercises for early motion, 594–596, 595f–596f
exercises to increase flexibility and, 596–599,

597f–598f
after rotator cuff repair, 575–576
after shoulder replacement arthroplasty,

561, 561t, 566–567
after stabilization procedures, 391–392,

593–594
after subacromial decompression, 575

during soft tissue injury and healing, 323, 
323f, 326

vs. stretching exercises, 100
stretching in functional activities 

and, 106, 106f
after surgery for hip fracture, 744, 745
therapist hand position for, 64
through functional patterns, 80
after total hip arthroplasty, 734, 735, 736, 737
treatment planning for, 63
upper extremity techniques for, 64–69

Rate of Perceived Exertion scale, 258
RC joint. See Radiocarpal (RC) joint
Reach to Recovery, 1033
Reaching

repetitive, 542
squatting and, 540

Reactive balance control, 280
Reactive postural control tests, 275t, 276
Readiness to change, 49–51, 51f
Rebounders, 237
Reciprocal exercise unit, 78, 237–238, 237f
Reciprocal inhibition, 95, 105
Reciprocal inhibition, 95, 105
Recovery from resistance exercise. See Rest

intervals after resistance exercise
Rectus abdominis muscle, 424, 424f, 531

diastasis recti of, 994–996, 994f, 995f, 
1005–1006, 1006f, 1009

pelvic tilt exercises for activation 
of, 517–518, 518f

Rectus capitis muscles, 426, 427f
Rectus femoris muscle, 391f

open-chain exercises for, 758
stretching of, 96f, 753
technique for elongation of, 70
tightness of, 772–773

Re-examination, 15f, 23
Referrals, 13, 15f
Reflexes

stretch, 95, 217, 268
vestibular, 266–267

Rehabilitation
cardiac, 257–259
isokinetic exercise during, 193–194
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mechanical resistance exercise in, 224
postoperative, 362–365 (See also specific

surgical procedures)
spinal, 492–543
velocity spectrum, 185, 194, 228

Relaxation
as adjunct to stretching program, 110
biofeedback for, 112
of facial muscles, 482
in high-risk pregnancy, 1015
during labor, 1008–1009
massage for, 111–112
of muscles during tissue healing, 329
for patients with spinal problems, 438, 439
postisometric, 85
progressive, 110
to relieve postural stress, 438–439

Relaxation training, 438–439
Relaxed/slouched posture, 430f, 431, 530, 530f
Repeated-bout effect, 205
Repetition maximum (RM), 180–181, 181–182
Repetitions for resistance training, 180–181, 

181–182, 202
manual, 202
velocity spectrum rehabilitation, 228

Repetitive strain injury, 322
Repetitive trauma. See Overuse syndromes
Research studies, sources of information on, 14
Resistance exercise

ankle and foot, 858
Resistance exercise(s)

accommodating, 184, 193
age and, 172–175
alignment for, 178–179, 179f
anaerobic vs. aerobic, 184
ankle and foot, 858
appropriateness of, 201
benefits of, 167, 168
body position for, 184
for children and adolescents, 172–174, 174f,

225, 226
circuit weight training, 227
closed-chain, 184
contraindications to, 206–207
cool down after, 202
DAPRE regimen of, 226–227, 227t
definition and overview of, 167
DeLorme regime of, 226, 226t
determinants of, 178–186
direction of resistance for, 201f, 202
duration of, 178, 183
dynamic, 189–192, 190f (See also Concentric

exercise; Eccentric exercise)
dynamic constant external resistance, 192, 193
after elbow arthroplasty, 640
equipment for, 229–239 (See also under

Equipment)
exercise load for

impact on strength, power, and 
endurance, 182

initial, 180–181
after extensor tendon repair, 699
for fall prevention, 962
fatigue (See Muscle fatigue)
forms of resistance for, 184
frequency of, 178, 183
functional activities and, 186

after glenohumeral joint stabilization, 592
for hand, 708
during healing of soft tissue lesions, 326
high-intensity, concentric vs. eccentric

contractions, 191
after hip fracture, 747–748
implementation of, 201–202
instructions for, 202
intensity of, 168, 178, 179–181
isokinetic, 185, 193–195
isokinetic regimens of, 227–229
isometric, 188–189

for cervical region, 529, 529f
for shoulder, 603–604, 603f–605f

for lymphedema, 1034–1035
manual, 186–187 (See also Manual resistance

exercise)
mechanical, 187–188 (See also Mechanical

resistance exercise)
modes (types) of, 178, 183–185

considerations for selection, 186, 187
mode-specific, 185
for muscle performance, 105–106
muscle soreness caused by, 204–206
for older adults, 174–175, 952–955, 953f–956f,

956–957t, 958–961, 958f–959f
open-chain, 184
order of, 178, 182–183
in osteoarthritis, 343
in osteoporosis, 349
overload principle for, 168–169
overtraining and overwork during, 204
Oxford regimen of, 226, 226t
pathological fracture, osteoporosis and, 206
patient examination and evaluation for, 200–201
patient monitoring during, 202
periodized, 178, 185–186
physiological adaptations to, 176–178, 176t
placement of resistance for, 201–202, 201f
PNF techniques (See Proprioceptive

neuromuscular facilitation (PNF))
for postural training in osteoporosis, 965
precautions for, 203–206
preparation for, 201
progression of, factors to consider, 187t
progressive (PRE), 180, 192, 225–227
psychological and cognitive factors in, 175–176
range of movement for, 185
recovery from, 172, 202
regimens of, 225–229
repetitions for, 181–182, 202

impact on strength, power, and 
endurance, 182

repetition maximum, 180–181
rest intervals after, 172, 178, 183
reversibility principle for, 169
risk prevention during, 203
after rotator cuff repair, 580
SAID principle for, 169, 178
sets of, 182, 202
after shoulder replacement arthroplasty, 563t
side sliding, 762, 763f
skeletal muscle function and adaptation 

to, 169–170
factors influencing tension 

generation, 170–176, 170t
physiological adaptations, 176–178

during soft tissue injury and healing, 326
specificity of training, 169
stabilization for, 202, 202f
stabilization training and, 515
substitute motions during, 178, 203
task-specific movement patterns 

during, 186
tension-generation factors in, 170–176, 170t
after total hip arthroplasty, 735–736, 739
transfer of training, 169
Valsalva maneuver during, 203
variable-resistance, 192–193, 193f
velocity of, 178, 185
volume of, 169, 178, 181–182
warm-up for, 201
after wrist arthroplasty, 671

Resisted walking, 893
Respiratory system. See also Breathing;

Pulmonary disorders
age and, 261, 262
changes with training, 250–251
dysfunction after breast cancer 

surgery, 1027
impact of obesity on, 969
postoperative complications of, 355–356
in pregnancy, 986
response to exercise, 250–251

aerobic exercise, 257
resistance training, 177

Rest intervals after resistance exercise, 172, 178,
183, 202

manual, 208
velocity spectrum rehabilitation, 228

Resting position, 129, 495. See also Symptom
relief positions

Reticulin fibers, 89
Retinaculum(a)

of knee, 772, 772f
lateral retinacular release, 798, 799, 800,

800–801t, 800–803, 804
in patellofemoral dysfunction, 792, 793

of wrist
extensor, 696
flexor, 687

Retropectoralis minor space, 384, 404
Reversal of antagonists, 222
Reverse total shoulder arthroplasty (rTSA), 559,

560, 562–563t. See also Shoulder
replacement arthroplasty

Reversibility principle
for aerobic exercise, 254
for resistance exercise, 169

Review of systems, 17, 17t, 18
Rheumatoid arthritis (RA), 337–341, 552

characteristics of, 338, 338f
compared with osteoarthritis, 337t
diagnostic criteria for, 337
effects of exercise in, 341
at elbow, 630
in foot and ankle, 339f, 855–856, 857
in hand and wrist, 338f, 664–665, 664f, 668

surgical intervention for, 682–685
at hip, 338f, 717
joint mobilization in, 134, 339, 857
joint protection and energy conservation, 341
at knee, 775, 776, 779
management of, 339–341
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precautions and contraindications, 339–340, 341
signs and symptoms of, 339
spinal, 450
tendon rupture and surgical repair in, 682–685

Rhomboid muscles
isometric exercises for, 603, 603f
strengthening exercises for, 607–608, 608f, 614

Rhythmic initiation, 222
Rhythmic stabilization, 189, 223, 223f, 

530–531, 531f
Ribs

manipulation of
elevated first rib, 510, 510f
for expiratory restriction, 509–510, 509f
for inspiratory restriction, 510, 510f

stability of, 427
subluxation of, 474, 474f

Rim trimming, 725, 726t
Risk factors, 10–11

activity prescreening questions for, 49
assessment for, 48–49
for deep vein thrombosis, 359
definition of, 10–11
for fracture, 351
for hip fracture, 740
for osteoporosis, 347–348

RM (repetition maximum), 180–181, 181–182
RM zone, 182
Rocker board, 891, 891f. See Wobble board
Rocking forward on a step, 831–832, 832f
Roland-Morris Disability Questionnaire, 454
Roll, 129–130, 130f
Roll, shoulder, 564
Rolling, 538
Roll-out, 534, 534f
Roll-sliding, combined, 131
ROM. See Range of motion (ROM)
Romberg Test, 274, 275t
Rotator cuff

atraumatic tears of, 569
disease of

activity limitations, 571
classification, 567
etiology and symptoms, 567–569
impairments of structure and function,

569–571
intrinsic and extrinsic factors, 568

exercises for early neuromuscular control of, 596
overuse and fatigue of, 571
partial-thickness vs. full-thickness tears of, 577
short, combined action with deltoid, 551
shoulder dislocation associated with, 584
strengthening exercises for, 580
surgical repair of

aquatic exercise after, 297
exercise, 580
factors influencing rehabilitation, 578t
indications, 577
outcomes, 582–583
postoperative management and

immobilization, 578–582, 579t
procedures, 577–578
total shoulder arthroplasty, 560

tendinitis of, 7, 7f
Round back posture, 430f, 431
Rowing exercises, 615, 615f
Rowing machine, 616t

RTSA (Reverse total shoulder arthroplasty). See
also Shoulder replacement arthroplasty

RU articulation. See Radioulnar (RU) articulation
Rule of the lower finger, 508
Run and “freeze,” 912
Running

deep-water, 315–316, 315f
effects on spine, 537
mid-water, 315

Running tests, 251

S
Sacral plexus, 389, 390f
Sacroiliac joint, 154f, 715f

dysfunction of, 474–476, 475f, 476f
manipulation techniques for, 512–513, 512f
pain in, 474
pregnancy-related pain in, 996–997
sprain in, 474

Sacrum, 154f, 715f
Safety

during balance training, 277, 281
medications and, 3
of patient during exercise, 3–4
of physical therapist, 3–4

SAID principle, 169, 178
Salter, Robert, 61
Saphenous nerve, 391f, 775, 800
Sarcomere absorption, 93
Sarcomere give, 93
Sarcomere(s), 92–93, 92f, 93
Sarcopenia, 967–968, 967f
Sarcopenia obesity, 967, 967f
S-AROM. See Self-assisted range of motion 

(S-AROM)
Sartorius muscle, 391f
“Saturday night palsy,” 387
SC joint. See Sternoclavicular (SC) joint
Scalene muscles, 402f

manual stretching of, 498, 498f
self-stretching of, 498

Scaphoid fracture, 628
Scaption

isometric exercises for, 605
manual resistance exercise for, 209–211
strengthening exercises for, 607–610

Scapula, 140f, 402f, 547f, 550f
during active arm motions, 549–550
depression of, 610, 610f, 611f
elevation of arm in plane of, 209
manual resistance exercises for, 210–211, 210f
mobility of, 115
motions of, 549, 549f, 550–551
PNF diagonal patterns for, 216t
protraction of, 609, 609f
range of motion techniques for, 66, 66f
retraction of, 435–436, 608–609, 608f, 609f

exercises in pregnancy, 1007
self-stretching exercises for, 599
stability of, 548t, 549–550
stabilizers of, strengthening and 

training, 607–608, 607f
Scapular muscles

exercises for lymphedema, 1036
isometric exercises for, 603, 603f, 604, 604f
manual resistance exercises for, 210

1072 Index

stabilization exercises for
closed-chain, 606–607, 606f
for headache, 478
open-chain, 605

strengthening exercises for, 607–610, 
608f–610f

Scapular nerve, dorsal, 386f
Scapular “push-ups,” 609f
Scapulohumeral rhythm, 550–551
Scapulothoracic articulation, 549, 549f

mobilization of, 145, 145f
Scar tissue

mobilization following C-section, 1012
mobilization for tendon adhesions in 

hand, 704
mobilization of, 334
post-fracture mobilization of, 354
restricted motion from, 366
thoracic outlet syndrome due to nerve

entrapment from, 403
Scheuermann’s disease, 445, 451, 473–474
Schmorl’s nodes, 451
Schwann cell, 383, 383f
Sciatic nerve, 390, 392f, 393f

injury of, 390, 721
testing and mobilization techniques 

for, 400–401, 400f, 401f
Sciatica, 748
Scoliosis, 49, 432–433, 432f
Scooting on a wheeled stool, 837, 837f
Screening, 48
Screw-home mechanism, 771
SEBT (Star Excursion Balance Test), 275–276,

275t, 287
Seddon classification of nerve injuries, 393, 

394, 394f
Sedentary lifestyle

mortality risk and, 248
in older adults, 945

Segmental instability, 449
Selective Functional Movement Assessment

(SFMA), 49
Selective stretching, 85. See also Stretching
Self-assisted range of motion 

(S-AROM), 73
ankle and toes, 76, 76f
arm and forearm, 74, 74f
forms of, 74
guidelines for teaching, 74
hip and knee, 75–76, 75f, 76f
overhead pulleys, 77–78, 78f
reciprocal exercise unit, 78
shoulder, 74, 74f, 596–599, 597f–598f
skate board/powder board, 78
wall climbing, 77, 77f
wand (T-bar) exercises, 76–77, 77f
wrist and hand, 74–75, 75f

Self-efficacy, 50
Self-mobilization

definition of, 128
glenohumeral joint, 555, 555f
radioulnar joint, 643, 644f
temporomandibular joint, 483

Self-report questionnaire, 18
Self-stretching, 85, 101. See also Flexibility

exercises; specific structures
aquatic, 306–307, 307f
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for cervical spine
to increase flexion, 498–499
to increase retraction, 198

for common mobility impairments, 437
elbow, 629, 643, 644f, 645–646, 646f
for flexibility, 596–601, 597f–602f
forearm, 646–647, 647f
hamstring, 97, 98, 102f
hand muscles, 705–706, 705f, 706f
hip muscles, 101f, 750–755, 751f–756f
to increase forearm pronation/

supination, 646–647, 647f
to increase thoracic extension, 497, 497f
for knee extension/flexion, 831
low-intensity, 101
for lumbar region

to increase extension, 503, 504f
to increase flexion, 503, 503f

patient instruction for, 107
precautions for mass-market 

programs, 109–110
shoulder, 596–599, 597f–598f

specific muscles, 599–601, 599f–602f
stabilization for, 96
for temporomandibular joint 

dysfunction, 482
wrist, 647, 647f

Self-traction, cervical spine, 499–500
Semicircular canals, 266
Semimembranosus muscle, 392f
Semispinalis capitis muscle, 426f
Semitendinosus muscle, 392f
Senescence, 942
Sensory disturbances, 281

in lymphatic disorders, 1022
sensory input deficits, 272
sensory processing deficits, 272

Sensory neurons, 383
Sensory organization, 267
Sensory organization tests, 275t, 276
Sensory re-education

discriminative (See Discriminative sensory 
re-education)

techniques, 396
Sensory systems and balance control, 265–267
Sentinel lymph node biopsy, 1028
Sequestration of intervertebral disc, 444, 445f
Serial motor tasks, 28
Serratus anterior muscle

isometric exercises for, 603, 603f
strengthening exercises for, 609, 609f, 610,

610f, 611f
Sets, for resistance training, 182, 202

manual, 202
for older adult, 960–961
velocity spectrum rehabilitation, 228

Shear, 89, 419
Shin splints, 870
Short occipital muscles

manual stretching of, 498, 498f
self-stretching of, 498–499

Short-arc motion (SAM) exercise
after extensor tendon repair, 698
after flexor tendon repair, 694
knee, 834, 835f, 837

Shortness, 83
“Shot-gun” technique, 475, 475f

Shoulder. See also Acromioclavicular (AC) joint;
Glenohumeral (GH) joint; Shoulder
girdle complex; Sternoclavicular (SC)
joint

arthritis of, 552–553
atraumatic hypermobility, 583–584
Bankart lesion of, 584, 584f
Bankart repair and precautions, 587, 590
breast cancer and decreased mobility 

of, 1030
continuous passive motion for, 78, 78f
dysfunction after breast cancer surgery, 1027
exercise for

during acute and early subacute stages 
of tissue healing, 594–596, 
595f–596f

to improve muscle performance and
functional control, 602–616, 603f–606f,
608f–615f

to increase flexibility and range of 
motion, 64–66, 596–599, 597f–598f

isometric, 602–604, 603f–605f
overhead pulley, 77–78, 78f
plyometric, 592
stabilization, 573, 604–607, 605f–606f
wall climbing, 77, 77f

exercise techniques for
plyometric exercises, 926–927, 927f

hiking of, 556, 556f
Hill-Sachs lesion of, 584, 584f
idiopathic frozen, 552, 553
impingement syndrome of, 7–8, 7f
pain referred to, 552
painful syndromes of, 567–593 (See also

Rotator cuff, disease of; Shoulder
impingement syndromes)

plyometric exercises for, 926–927, 927f
PNF diagonal patterns for, 216t, 614, 614f
SLAP lesion of, 588, 591
stiff, 552
stretching techniques for

aquatic, 305, 305f
manual, 113–115
self-stretching, 596–599, 597f–598f
self-stretching of specific muscles, 599–601,

599f–602f
surgery for disorders of

arthrodesis, 377, 377t
rotator cuff repair, 577–583
shoulder replacement arthroplasty, 559–567

(See also Shoulder replacement
arthroplasty)

stabilization procedures, 586–594
subacromial decompression, 573–576

traumatic hypermobility 
(dislocation), 558, 584

Shoulder abduction
aquatic exercises for

manual resistance, 308
manual stretching, 305
self-stretching, 307

isometric exercises for, 603–604, 604f
self-applied, 604, 604f, 605f

manual resistance exercise for, 209, 209f
horizontal abduction, 210

manual stretching techniques for, 114, 114f
horizontal abduction, 115, 115f

range of motion techniques for, 65, 65f
horizontal abduction, 66, 66f, 76, 77f
self-assisted, 74
wand exercises, 76, 77f

self-stretching techniques for, 598, 598f
strengthening exercises for, 608–609, 608f,

609f, 612–613, 613f, 614, 614f
Shoulder adduction

horizontal, self-stretching for, 597, 597f
horizontal adduction, 210
isometric exercises for, 604, 604f, 605f
manual resistance exercise for, 209
manual stretching techniques for, 114
range of motion techniques for, 65

horizontal adduction, 66, 66f, 76, 77f
self-assisted, 74
wand exercises, 76, 77f

strengthening exercises for, 614
Shoulder dislocation, 558, 584–585

anterior, 583, 584, 584f
impairments and functional limitations 

due to, 584–585
management after closed reduction 

of, 585–586
posterior, 583, 584
recurrent, 584–585
related pathologies and mechanisms of 

injury, 584, 584f
surgical stabilization of, 586–594

Shoulder extension
isometric exercises for, 604, 604f, 605f
manual resistance exercise for, 209

aquatic, 308, 308f
manual stretching techniques for, 113–114, 113f
range of motion techniques for, 64, 65, 65f

self-assisted, 74, 74f
wand exercises, 76–77

self-stretching techniques for, 598, 598f
strengthening exercises for, 608, 614

Shoulder flexion
aquatic exercises for

manual resistance, 308, 308f
manual stretching, 305, 305f
self-stretching, 307

correct alignment for self-stretching to
increase, 96f

isometric exercises for, self-applied, 604, 
604f, 605f

manual resistance exercise for, 209, 209f
manual stretching techniques for, 113, 113f
range of motion techniques for, 64, 65f

self-assisted, 74, 74f
wand exercises, 76, 77f

self-stretching techniques for, 597, 597f
strengthening exercises for, 614, 614f

Shoulder girdle complex
bones and joints of, 140, 140f, 547–550, 547f
closed-chain strengthening exercise 

for, 610, 610f
developing balance in length and strength 

of muscles of, 572
functional progression for, 614–616, 615f
functions of, 550–551
joint mobilization techniques for, 140–145
nerve disorders of, 552
open-chain stabilization exercises for, 605, 605f
precautions for exercises for, 404
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rehabilitative exercises for, 614–616, 615f
sources of referred pain in, 552
in thoracic outlet syndrome, 401–405

Shoulder impingement syndromes
classification of, 567
extrinsic impingement, 568, 568f
impairments and functional limitations 

due to, 569–571
nonoperative management of, 571–573
related pathologies and etiology of, 567–569
secondary, 568
subacromial decompression for, 573–574

Shoulder replacement arthroplasty, 559–567, 559f
complications of, 560, 561
exercise after, 562, 562–563t, 566
implants and procedures for, 559–560
indications for, 559
outcomes of, 566–567
positioning after, 561
postoperative management of, 561–566

Shoulder rolls, 564
Shoulder rotation

aquatic exercises for
independent strengthening, 313f
manual resistance, 308–309, 309f
manual stretching, 305

isometric exercises for, 603, 603f, 604f
self-applied, 604, 604f, 605f

manual resistance exercise for, 209–210, 210f
manual stretching techniques for, 114, 114f, 115f
range of motion techniques for, 65–66, 66f

self-assisted, 74, 74f
wand exercises, 76, 77f

self-stretching techniques for, 597–598, 
597f, 598f

strengthening exercises for, 608–609, 609f,
611–613, 611f–613f, 614, 614f

Shoulder shrug, 607, 611
SI joint manipulation techniques, 512–513, 512f
Side bending, 419, 433, 529, 535–536, 536f
Side lift, 271, 272f
Side shuffle and “freeze,” 912, 913f
Side sliding, 762, 763f
Side stepping, 762
Side-bending exercises, 535–536, 536f
Side-to-side movements on a slide board, 929–930,

932, 933f
Side-to-side shuffles, 932
Sinding-Larsen-Johansson syndrome, 793
Single-Leg Balance Stance Test, 274, 275t
Single-leg balance training, 287–288, 288f
Sit to stand test, 949t, 950
Sitting

advanced balance/stabilization exercises, 906,
907, 907f

to lying down, 538
self-stretching to increase hip flexion 

during, 752
self-stretching to increase knee flexion 

during, 832, 832f
to standing, 538

from a ball, 932, 932f
from chair, 920, 920f
older adult, 954f

supine to, 538
Sit-to-stand transfer, 283f
Sit-ups, 531

Skate board, 78
Ski machines, 238, 537
Skin

collagen fibers of, 88f, 89
inspection of surgical incisions, 362
in lymphedema, 1022–1023, 1027
preoperative assessment of, 360

SLAP lesion, 588, 591
Sleeping environment, 541
Slide boards, 236–237, 236f

side-to-side movements on, 932, 933f
upper extremity weight-bearing movements

on, 929–930, 930f
Slide/translation, 129, 130–131, 130f

concave-convex rule, 130–131
Slouched posture, 430f, 431, 530, 530f
Slow reversal, 222
Slow reversal hold, 222
Slow reversal hold-relax (HR-AC 

technique), 105
Slow-twitch fibers, 171, 171t, 182, 249
SLR. See Straight-leg raise (SLR)
Slump-sitting, 397, 401, 401f
S.M.A.R.T. goals, 53
Social cognitive theory of change, 50
Soft tissue. See also Muscle(s)

elasticity of, 88
extensibility of, 82
interventions to increase mobility of, 85–86
mechanical properties of noncontractile, 88–92
mobilization/manipulation of, 86, 112
plasticity of, 88, 90
response to immobilization and stretch 

(See Stretching, soft-tissue 
responses to)

surgical procedures for (See under Surgical
procedures)

viscoelasticity of, 88
Soft tissue lesions

acute stage of, 323, 323f, 323t
management of, 324–326

chronic pain syndrome, 324
chronic stage of, 323t, 324

management of, 329–331
due to trauma or pathology, 322
grading severity of, 322–323
impairments and activity limitations

associated with, 452
management of, 324–331
pain experienced with range of motion during

stages of, 323, 323f
patellofemoral dysfunction due to, 793
spinal problems with, 451–452, 471–472
subacute stage of, 323f, 323t, 324

management of, 326–329
types of, 321–322

Soleus muscle, 392f, 853
control of knee during gait, 774
hypomobility of, 869–871
manual stretching of, 122
self-stretching of, 877, 888–889
tightness of, 870

Somatosensory system, 266
impairments of, 272

Specific adaptation to imposed demands (SAID)
principle, 169, 178

Specific heat, 299
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Specificity of training
for aerobic training, 247, 253–254
for concentric and eccentric exercise, 192
for isokinetic exercise, 194
for resistance training, 169

Spin, 131, 131f
Spinal cord, 383, 383f, 417–418, 418f
Spinal cord injury, selective stretching for, 85
Spinal mobilization, 470–472, 496–497

grades of, 500
Spinal problems

diagnostic categories directing interventions
for, 455

education for prevention of, 542–543
examination and evaluation of, 454
flexion bias, muscle imbalances with, 467–469
intervertebral disc pathologies, 444–448, 445f
management guidelines for, 453–459

acute problems, 455–457
chronic problems, 459, 460
extension bias, 460–466
flexion bias, 467–469
mobilization, 470–471
non-weight-bearing bias, 459–460
soft tissue injuries, 471–472
stabilization, 469–470
subacute problems, 458–459
temporomandibular joint 

dysfunction, 481–483
with muscle and soft tissue injuries, 451–452
“red flag” conditions, 454
in rheumatoid arthritis, 450
stages of recovery from, 454

Spinal rehabilitation
environmental adaptations and, 541
functional activities for, 457, 459, 494t, 495

intermediate to advanced exercises, 542
fundamental interventions for, 492–493
grades of manipulations in, 500
guidelines for, 493, 495
to improve cardiopulmonary endurance, 494t
to improve kinesthetic awareness, 493, 494t,

495–496
to improve muscle performance, 494t

isometric and dynamic exercises, 529–536
stabilization exercises, 492, 513–529

to increase mobility/flexibility, 494t, 496–513
interventions for stages of, 494t
patient education for, 493
teaching body mechanics for, 540–541

Spinal segments
factors affecting stability of, 423, 423f, 

423t, 424f
instability of, 453

identification of, 469–470
mobilization of, 459, 464
neutral zone of, 452–453, 453f
stabilization of, 457, 478

Spinal stability
center of gravity and, 422
effects of breathing on, 428
effects of limb function on, 427–428
inert tissues influencing, 422–423
intra-abdominal pressure and, 428, 428f
muscular control of, 423–427, 423f, 

423t, 424f
neurological control of, 427
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pathomechanics of instability, 452–453
Valsalva maneuver and, 428–429

Spinal stenosis, 434, 449
Spinalis muscles, 426f
Spine

rotation, with a load, 542
Spine. See also Cervical spine; Lumbar spine;

Spine; Thoracic spine
arthrodesis of, 377f, 377t
curves of, 421
dynamic stabilization of, 423–429 (See also

Spinal stability)
factors in fracture of, 451
joint manipulation, 464
lateral shift of, 462–464, 463f
learning effects of movement on, 496
motions of, 418–419, 419f
muscles and stability, 423, 423f, 423t, 424f
neutral, 436, 452–453, 453f
osteoporosis of, 348f
passive positioning of, 457
stretching techniques, aquatic, 304–305, 304f
structure and function of, 417, 418f

inert structures, 422–423
intervertebral discs, 420–421, 421f
intervertebral foramina, 421
pillars, 418, 418f
three-joint complex, 448

Splenius muscles, 426f
Splinting. See also Bracing; Immobilization

ankle and foot, 856
after arthrodesis, 867
for overuse syndromes, 870

ankle/foot
after Achilles tendon repair, 882–884
after repair of lateral ligament tear, 876

dynamic, 93
hand and wrist

after carpometacarpal arthroplasty of
thumb, 681–682

after extensor tendon repair, 683
after flexor tendon repair, 690–691, 690f
after metacarpophalangeal implant

arthroplasty, 673–674
after proximal interphalangeal 

arthroplasty, 677
after wrist arthroplasty, 670

knee, 786
Spondylitis. See Ankylosing spondylitis
Spondylolisthesis, 473
Spondylosis, 448, 449–450
Sports bandages, 1025–1026
Sports participation

after ankle and foot arthrodesis, 868
anterior cruciate ligament injuries in female

athlete, 806–807
after anterior cruciate ligament 

reconstruction, 820, 821
after arthroscopic procedures for hip, 727
after articular cartilage repair, 782
golfer’s elbow, 642
massage and, 111–112
in pregnancy, 1001
stretching prior to, 87
tennis elbow, 387, 389, 641–642
after total ankle arthroplasty, 792, 863
after total hip arthroplasty, 736–737, 737t

Sprain, 321
ankle, 871–880

sprain management, 872–874
facet joint, 449
hand/wrist, 686

Spring ligament, 851f, 853
Squat and reach, 540
Squat jumps, 932, 933f
Squat lift, 270–271, 271f
Squats

deep, 918, 919f
mini-, 761, 761f, 779, 837, 838f

older adult, 953f
modified, in pregnancy, 1007
partial, 540, 761, 837
reaching and, 540

Stability. See also Balance
as component of physical function, 2f
definition of, 2–3
dynamic, of knee, 774
effects of breathing on, 428–429
effects of limb motion on, 427–428
limits of, 264–265, 265f
resistance training and, 180
of ribs, 427–428
spinal, 422–429
of trunk, 422

Stability balls. See Ball(s)
Stabilization

dynamic, 198
equipment, 235–236, 235f

for resistance exercise, 178, 179
rhythmic, 189, 223, 223f, 515, 530–531, 

531f, 648
of spine, 457, 478
for stretching, 95f, 96–97, 97f
transitional, 515, 540

for cervical and upper thoracic 
regions, 530, 530f

Stabilization exercises, 188–189, 492, 514–515.
See also Isometric exercise

advanced functional training, 906–912
ankle and foot, 892–893
for deep segmental muscle activation and

training, 492, 515–519, 517f–519f
in cervical region, 457, 492
in lumbar region, 457, 492, 514, 517, 517f,

518–519, 519f
with extremity motions, 515
for global muscles

in cervical region, 519–523, 520f–523f, 520t
in lumbar region, 523–529, 523t, 524f–528f

guidelines for, 514–515
hip, 759–760, 760f
integration of kinesthetic training with, 496
isometric, 515
in pregnancy, 997, 999
principles of motor control learning and, 514
reinforcement of, with strengthening, aerobic,

and functional activities, 513–514, 514f
resistance for, 515
shoulder, 604–607, 605f–606f

Stabilizer™ pressure biofeedback unit, 515, 516,
516f, 518, 523, 524, 526

Stable spine turn, 542
Stair climb power test, 949t
Stair climbing, 537

StairMaster®, 237–238, 237f
Stair-stepping machines, 237–238, 237f
Staleness. See Overtraining
Standing

ankle/foot complex in, 853, 854
balance control during, 269, 277, 277f, 278f
bilateral stance exercises, 908–909, 909f
in high-risk pregnancy, 1015
postural alignment, 422, 422f
rectus femoris stretching while, 753, 753f
single-leg stance against 

resistance, 759–760, 760f
from sitting

on a ball, 932, 932f
on a chair, 920, 920f

to sitting, 538
unilateral stance exercises, 757, 910–911, 

910f, 911f
unilateral wall slides, 837–838, 918, 918f

Star Excursion Balance Test (SEBT), 275–276,
275t, 287

Static balance tests, 274, 275t
Static exercise. See Isometric exercise
Static muscle contraction, 184, 184f
Static progressive stretching, 99, 102f
Static stretching, 97–99
Stationary exercise bicycles, 237
STEADI (Stopping Elderly Accidents, Deaths,

and Injuries), 962, 963f
Steady state, 250
Steindler, A., 195
Stemmer sign, 1023, 1023f
Stenosis, spinal, 434, 449
Step aerobics, 537
Stepping machine, 616t

“climbing” with hands on, 914
Stepping strategy for balance control, 267f, 269
Step-up and step-down exercises, 761–762, 779,

788, 838, 839f, 953f
Sternoclavicular (SC) joint, 140f, 547f, 548–549,

548f, 558
arthrokinematics of, 549
hypomobility of, 558
ligaments of, 549f
mobilization techniques for, 144

anterior glide and caudal glide, 145, 145f
posterior glide and superior glide, 144, 145f

stability of, 549
strain or hypermobility of, 558
subluxations or dislocations of, 558
surgical stabilization of, 594

Sternoclavicular ligaments, 548f
Sternocleidomastoid muscle, 426
Stiff shoulder, 552
Stopping Elderly Accidents, Deaths, and Injuries

(STEADI), 962, 963f
Stork Stand Test, 274, 275t
Straddle lift, 270–271, 271f
Straight fist position, 702, 702f
Straight-leg lowering

bilateral, 533
Straight-leg raise (SLR)

with ankle dorsiflexion, 400, 400f
bilateral, 533
to elongate hamstrings, 753–754
for neural testing, 397
in pregnancy, 1009
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quad sets with, 796, 834
for testing sciatic nerve, 400, 400f
after total knee arthroplasty, 788, 796, 834

Strain(s), 321
anterior cruciate ligament, 719
cervical, 452
definition of, 89
grading of, 90
hip muscles, 748
lumbar, 451
nerve, 384
postural, 452

Strength
deconditioning and, 259
definition of, 167
exercise load and repetitions for improving 

of, 182
functional, 167
hand and wrist

after carpometacarpal arthroplasty of
thumb, 681

after metacarpophalangeal implant
arthroplasty, 675

after wrist arthroplasty, 671
preoperative assessment of, 360
after rotator cuff repair, 580, 582
ultimate, 90

Strengthening exercises. See also Mechanical
resistance exercise

advanced functional training, 912–921
for ankle and foot, 891–892, 891f, 892f
aquatic, 307–314, 308f–313f, 314t
in balance training program, 285
after breast surgery, 1033
definition of, 167
for elbow, 648–649, 648f–649f

in overuse syndromes, 644
after radial head excision, 633
after total elbow arthroplasty, 638, 639

for fall prevention, 962
forearm, 649, 649f
for hand and wrist, 706–708, 707f–708f
for hip, 755–762, 756f–761f

closed-chain exercises, 758–762, 759f–762f
open-chain exercises, 735, 747, 756–758,

757f, 758f
for knee, 778, 788, 839
for lymphedema, 1034
physiological adaptations to, 176t
in postpartum period, 1009
in pregnancy, 1005
for shoulder

after glenohumeral joint stabilization, 592
glenohumeral muscles, 610–614, 611f–614f
after rotator cuff repair, 580
scapular muscles, 607–610, 608f–610f

task-specific, 24f
wrist, 650, 650f

Stress
definition of, 89
mechanical, 429
types of, 89

Stress management, for headaches, 478
Stress testing, 251–252, 251f, 971
Stress-relaxation, 90, 91f
Stress-strain curve, 89–90, 89f
Stretch cycle, 97

Stretch reflex, 95, 217, 268
Stretch stimulus for PNF, 217
Stretch weakness, 429
Stretching, 83. See also Self-stretching; specific

structures
acute, 87
adjuncts to, 110–112
age and, 109
alignment for, 95–96, 96f
aquatic exercises for, 303–307, 304f–307f
assisted, 85
ballistic, 99
benefits of, 86–87
chronic, 87
complementary exercises for, 110–112
contraindications to, 86
cyclic (intermittent), 99
definition of, 83
determinants of, 95–103
duration of, 95f, 97–99, 98
dynamic, 87, 99
elbow

for hypomobility, 628, 629
in overuse syndromes, 643

examination and evaluation of patient prior
to, 107

frequency of, 95f, 98, 100
for functional activities, 106, 106f
generalized, for internal rotation, 599
hand and wrist, 705–706, 705f, 706f
high-velocity, 98, 99–100, 109
hip, 101f, 723, 746, 750–755, 751f–756f
for impaired posture, 436–437
indications for, 86
intensity of, 95f, 96–97, 98
interrelationships between intensity, duration,

frequency, and mode of, 98
joint-glide, 131
knee

for hypomobility, 777–778
stretching techniques for, 306, 306f

kneeling fencer stretch, 751, 751f
manual, 85, 100–101, 103 (See also Manual

stretching techniques)
in anatomical planes of motion, 112–122

mechanical, 85, 102–103, 102f
modes of, 95, 96, 100–103

considerations for selection, 100
outcomes, 98

muscle response to, 92–93
in osteoarthritis, 343
outcomes of, 86–87
overstretching, 85
passive, 85
patient examination and evaluation for, 107
during postimmobilization period of fracture

healing, 354
precautions for, 108–110
in pregnancy, 1005
preparation for, 107–108
procedures after, 108
proprioceptive neuromuscular facilitation

techniques, 85, 103–105, 104f (See also
Proprioceptive neuromuscular
facilitation (PNF))

vs. range of motion exercises, 100
after rotator cuff repair, 580
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selective, 85
self-stretching, 85, 101 (See also

Self-stretching)
shoulder, 557
during soft tissue healing, 328–329, 331
soft-tissue responses to, 87–88

changes in collagen, 91–92
mechanical response, 92–93
neurophysiological, 95
overview, 87–88

speed of, 95f, 99–100
in spinal rehabilitation, 459, 493, 494t, 

496–497
cervical and upper thoracic regions, 497–500,

497f–499f
mid and lower thoracic and lumbar regions,

503–506, 503f–506f
spine stretching techniques, 

aquatic, 304–305, 304f
stabilization for, 95f, 96–97, 97f
static, 97–99
static progressive, 99, 102f
for temporomandibular joint dysfunction,

482–483, 483f
terms related to, 83–86
warm-up before, 111

Stretch-shortening drills, 168. See also
Plyometric training

advanced functional training, 921–935
Stroke volume, 256, 260, 261
Structural scoliosis, 432, 432f
Subacromial decompression, 573–574

indications for, 574
outcomes of, 576
postoperative management and exercise 

after, 574–576
procedures for, 574
with rotator cuff repair, 577

Subacromial space, 550, 550f
Subacromial/subdeltoid bursa, 548f, 550, 550f

removal of, 574
Subchondral drilling, 374
Subluxation, 321

acromioclavicular joint, 558
as indication for joint mobilization, 133
after joint surgery, 366
joint techniques and, 134–135
metatarsal, 856
sternoclavicular joint, 558

Submaximal loading, 179–180, 180t
Suboccipital muscle stretching, 498–499, 498f
Subscapular nerve, 386f
Subscapularis muscle, 548f, 612, 612f, 613f
Substitute motions, during resistance 

exercise, 178, 203
Subtalar (talocalcaneal) joint, 160f, 850f, 852

arthrodesis of, 866
arthrokinematics of, 852
distraction, 162, 162f
hypomobility of, 855
ligaments of, 851f, 852
medial or lateral glide, 162, 162f
mobilization techniques for, 161–162, 162f

Sunderland classification of nerve 
injuries, 393, 394f

“Superman” motions, 610, 611f
Supervision, 13
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Supinator muscle, 389f, 626
Supine to sit, 538
Suprahumeral (subacromial) space, 550, 550f

compression of soft tissues in, 567, 568, 568f
(See also Shoulder impingement
syndromes)

Suprahyoid muscles, 426, 426f
Suprascapular nerve, 552
Supraspinatus muscle, 548f, 550f, 551

strengthening exercises for, 612–613, 613f
Supraspinatus tendon, 550
Supraspinatus tendonitis, 569
Surface replacement arthroplasty, 680
Surface tension of water, 298
Surgical intervention

for ankle and foot disorders, 858–868
Achilles tendon rupture, 880–888
arthrodesis, 865–868
complete lateral ligament tears, 874–878, 875f
total ankle arthroplasty, 859–865, 860f

for breast cancer, 1028
complications of, 365–366
for elbow disorders, 630–631

advantages and disadvantages, 630
arthrodesis, 377, 377t, 630
radial head excision, 631–633
severity of joint disease and selection of

procedure, 631t
total elbow arthroplasty, 633–641, 634f

for hand and wrist disorders
arthrodesis, 668
carpal tunnel syndrome, 408–409
carpometacarpal arthroplasty of 

thumb, 679–682
metacarpophalangeal implant 

arthroplasty, 671–676
procedures for rheumatoid arthritis or

degenerative joint disease, 667–685
proximal interphalangeal implant

arthroplasty, 676–679
repair of extensor tendon 

lacerations, 695–701
repair of flexor tendon lacerations, 686–695

(See also under Flexor tendons of hand)
tendon rupture in rheumatoid 

arthritis, 682–685
wrist arthroplasty, 668–671

for hip, 724–725 (See also Total hip
arthroplasty (THA))

arthroscopic procedures, 725, 726t, 727
hemiarthroplasty, 739–740
hip fractures, 740–748
total hip arthroplasty, 375, 375f, 

727–739, 727f
indications for, 359, 360
inspection of surgical incisions, 362
for intervertebral disc lesions, 466–467
for knee disorders (See Knee, surgery for

disorders of)
articular cartilage repair, 780–781, 782
ligament injuries, 810–812

anterior cruciate ligament reconstruction,
812–814, 816–822

posterior cruciate ligament
reconstruction, 822–824

meniscal tear, 781, 825–829
patellar instability, 798–805

patellofemoral and extensor mechanism
dysfunction

distal realignment of extensor
mechanism, 804–805

lateral retinacular release, 798, 799, 800,
800–801t, 800–803, 804

proximal realignment of extensor
mechanism, 799–804

total knee arthroplasty, 781–792 (See also
Total knee arthroplasty (TKA))

lymph node dissection, 1021, 1027, 1028
management following, 359–360, 361–362
management prior to, 360–361
for nerve repair, 394–395
for shoulder disorders

arthrodesis, 377, 377t
rotator cuff repair, 577–583
shoulder replacement 

arthroplasty, 559–567, 559f
stabilization procedures, 586–594
subacromial decompression, 573–576

Surgical procedures
approaches to, 369, 370t
arthroscopic, 369
extra-articular bony procedures, 377–379

open reduction and internal fixation of
fractures, 377–378, 378f

osteotomy, 378–379
joint procedures, 373

arthrodesis, 376–377, 377f, 377t, 668
arthroplasty, 375–376, 375f
articular cartilage procedures, 373–374,

780–781, 782
débridement and lavage, 373
at knee (See Knee, surgery for 

disorders of)
synovectomy, 373

open, 369
for soft tissues, 370

capsule (glenohumeral joint) 
stabilization, 372

ligament repair or reconstruction, 371–372
muscle repair, 370–371
release, lengthening, decompression, 373
tendon repair, 371
tendon transfer or realignment, 372–373

tissue grafts, 370
Suspension strategy for balance control, 269
Swan-neck deformity, 664, 664f, 696

proximal interphalangeal implant arthroplasty
for, 678

Swayback (relaxed) posture, 430f, 431
Swelling, joint. See Joint effusion
Swim bars, 302, 302f
Swim fins, 302, 303f
Swimming, 315, 537. See also Aquatic 

exercise
Swiss balls, 236
Sympathetic nervous system, 250
Sympathetic neurons, 383
Symptom relief positions

functional position, 456, 468
neutral position, 456
neutral spine, 436, 453, 495
resting position, 129, 495
for spinal rehabilitation, 495–496

Synergy, muscle, 268

Synovectomy, 373
at elbow, 630, 631t
in hand and wrist, 668, 680
at knee, 780

Synovial fluid, 132, 133
Synovial joints, 547–549, 547f, 548f
Synovial pseudocysts, 338f
Synovitis, 322
Synthetic graft materials, 370
Systems review, 17, 17t, 18

T
TAA. See Total ankle arthroplasty (TAA)
Table top dusting, 595, 595f
Tai chi, 286–287, 287f, 962
Tailor’s bottom, 748
Talk test, 951
Talocalcaneal joint. See Subtalar (talocalcaneal)

joint
Talocalcaneal ligament, interosseous, 851f
Talocalcaneonavicular joint, 852
Talocrural (ankle) joint, 160f, 850f, 851

arthrokinematics of, 852
hypomobility of, 855
ligaments of, 851, 851f
mobilization techniques for, 160, 857–858

distraction, 160, 161f
dorsal (posterior) glide, 161, 161f
ventral (anterior) glide, 161, 161f

mobilization with movement of, 857–858,
857f–858f

Talofibular ligaments, 851, 851f
anterior, injury of, 871

Talonavicular joint, 852–853
arthrodesis of, 866
arthrokinematics of, 852

Talus, 160f, 850, 850f, 852
Tarsal tunnel syndrome, 390
Tarsometatarsal joints, 853, 854

mobilization techniques for, 162–163
dorsal glide, 163–164, 163–164f
plantar glide, 163, 163f

Task motivation, 51
T-bar. See Wand (T-bar) exercises
TEA. See Total elbow arthroplasty (TEA)
Temperature transfer, 299
Temporomandibular joint (TMJ)

dysfunction, 480–483, 481f
structure and function of, 480, 480f

Tender points, in fibromyalgia, 344, 345f
Tendinitis, 322, 567, 641

in ankle and foot, 869
bicipital, 569
in hand and wrist, 685–686
infraspinatus, 569
at knee, 793
rotator cuff, 7, 7f
supraspinatus, 569

Tendinopathy, 322, 641–642
common impairments and activity 

limitations, 642, 685
etiology of, 642, 685
hip, 748

Tendinosis, 322, 641
Tendon-blocking exercises, for flexor tendons of

hand, 701–702, 702f
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Tendon-gliding exercises
in carpal tunnel syndrome, 407, 407f, 408
for extensor tendons of hand, 703, 704f
for flexor tendons of hand, 702, 702f
for hand and wrist hypomobility, 666

Tendon(s)
collagen fibers of, 88f, 89
graft reconstruction of, 683, 687
resistance exercise and adaptation of, 177
ruptures of, 321–322, 682
surgical repair of, 371

Achilles tendon, 880–888
in rheumatoid arthritis of hand, 682–685
transfer or realignment, 372–373, 683, 684

Tennis elbow, 387, 389, 641–642
Tennis strokes, simulated, 652, 652f
Tenodesis, ankle, 875
Tenorrhaphy, side-to-side, 683
Tenosynovectomy

at wrist, 668, 683
Tenosynovitis, 322

in hand and wrist, 685–686
Tenovaginitis, 322
Tension, 89
Tension headache, 477–478
Tensor fascia latae muscle, 720

self-stretching of, 437, 755, 755f, 756f
Teres major muscle, 614
Teres minor muscle, 387f, 548f

strengthening exercises for, 608–609, 609f
“Terrible triad” injury, 805, 806f
Tests and measures, 18–20. See also specific 

tests
THA. See Total hip arthroplasty (THA)
Thera-Band® elastic bands and tubing, 233
Therapeutic exercise. See also types of exercise,

specific exercises and structures
adherence to, 35, 37, 53, 57t
aerobic, 246–262
aquatic, 295–317
for balance training, 264–289, 515
closed-chain, 196–200
concentric, 189–192, 190f
definition of, 2
eccentric, 189–192, 190f
goals of, 1
isokinetic, 185, 193–195
isometric, 188–189
open-chain, 196–200
patient instruction for, 27–37 (See also

Patient-related instruction)
physiological responses to (See Physiological

responses to exercise)
to relieve postural stress, 438–439
resistance, 166–239
safety of, 3–4
stretching, 82–123
task specific, 23–24, 24f
types of, 3

Therapeutic pools
care and safety, 303
individual patient, 300–301, 301f
traditional, 300, 300f

Therapist. See Physical therapist
Thermodynamics, 299
“Thomas test” stretch, 751, 753
Thoracic elevation, 534, 535f

Thoracic joint manipulation/HVT 
techniques, 506–508, 507f

Thoracic manipulation, 471
Thoracic outlet, 384, 401–402, 402f
Thoracic outlet syndrome (TOS)

diagnoses related to, 402
etiology of, 402–403
impairments and functional limitations in, 404
location of compression, 403–404
management of, 404–405
in pregnancy, 997–998

Thoracic region
alternating isometric contractions and rhythmic

stabilization in, 30–531, 515, 531f
isometric and dynamic exercises for, 530–536,

531f–536f
pathologies of

lower, 473–476
muscle relaxation for, 438–439

stretching to increase lateral flexibility, 503–505,
504f–505f

upper, 476–480
extensor activation and 

training, 516–517, 517f
self-stretching to increase extension, 497, 497f
transitional stabilization, 530, 530f

Thoracic spine
aquatic exercises for stretching of, 304–305, 304f
arthrokinematics of, 419
extension, manipulation to increase, 506, 507f
flexion, manipulation to increase, 507
mobility

cross-arm thrust to increase, 509, 509f
fall thrust to increase, 509, 509f
pistol thrust to increase, 508, 508f

posture training for, 436
rotation, manipulation to increase, 507–508, 507f

Thoracodorsal nerve, 386f
Thoracolumbar fascia, 424, 424f, 425–426, 425f
Thorax. See also Chest wall
Three-joint complex, 448
Thromboembolic disorders

pulmonary embolisms, 365, 366, 367
thrombophlebitis and deep vein thrombosis

(See Deep vein thrombosis (DVT))
Throw and catch/catch and throw 

exercises, 925–929
Thrust, 128
Thrust Manipulation/High Velocity Thrust

(HVT), 128, 136
Thumb

carpometacarpal (CMC) joint of, 659
arthrodesis of, 668, 680
arthrokinematics of, 659
arthroplasty of, 679–682
distraction of, 152–153, 153f
glides of, 153, 153f
mobilization techniques for, 152–153, 153f
muscles causing actions of, 660t
stretching of, 117

manual resistance exercise for, 212, 212f
metacarpophalangeal joint of, 658f, 659–660

(See also Metacarpophalangeal (MP)
implant)

arthrokinematics of, 659
muscles causing actions of, 660t, 661t
strengthening exercises for, 708
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PNF diagonal patterns for, 216t
range of motion techniques for joints 

of, 68–69, 68f
self-assisted, 75, 75f

strengthening exercises for, 708
zigzag deformity of, 665

Tibia, 156f, 160f, 770f, 772f, 850f
distal, 850, 850f, 851

osteotomy of, 378
proximal, 770, 770f

osteotomy of, 780
Tibial nerve, 390, 392f

injury of, 854, 855
Tibialis anterior muscle, 122, 393f, 854, 869
Tibialis posterior muscle, 122, 392f, 853, 

869–870
Tibiofemoral articulation, 156–157

mobilization techniques for, 156
anterior glide, 158, 158f
distraction, long-axis traction, 156, 157f
posterior glide, 157–158, 157f, 158f

Tibiofemoral joint, 156f, 770–771, 770f
arthrokinematics of, 771
screw-home mechanism of, 771

Tibiofibular joint
accessory motions of, 851
decreased mobility of, 855
distal (inferior), 160f

anterior or posterior glide, 160, 160f
inferior, 850, 850f, 851
proximal, 156f

anterior glide, 159–160, 159f
superior, 851

Tibiofibular ligaments, 850, 851
injury of, 871

Tibiotalar joint, arthrodesis of, 865–866
Tight weakness, 429
Tightness, 83
Time of exercise. See Duration of exercise
Timed Up-and-Go (TUG) Test, 273, 274t, 275t,

276, 949t, 950
Tinetti Performance-Oriented Mobility

Assessment (POMA), 274t, 
275t, 276

Tissue creep, 90, 91f
Tissue deformation, 90–91, 91f
Tissue grafts, 370
TKA. See Total knee arthroplasty (TKA)
TMJ (temporomandibular joint) 

dysfunction, 480–483, 481f
Toe touching, bilateral, 754
Toes

bones of, 850
exercises for limited mobility of, 890–891
joints of, 853

arthrodesis of, 866
arthrokinematics of, 852
mobilization, 164

manual resistance exercises for, 215
manual stretching techniques for, 122
PNF diagonal patterns for, 216t
range of motion techniques for, 72, 72f

self-assisted, 76, 76f
Tongue proprioception and control, 482
Tonic fibers. See Slow-twitch fibers
Top hand, 64
TOS. See Thoracic outlet syndrome (TOS)
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Total ankle arthroplasty (TAA), 859–865
complications of, 861
exercise after, 862–863
implants for, 860, 860f
indications and contraindications for, 859f,

860, 860f
outcomes of, 863–865
physical activity after, 862–863
postoperative management for, 861–863
procedure for, 861

Total body endurance, 168. See also
Cardiopulmonary endurance 
(fitness)

Total elbow arthroplasty (TEA), 630, 
633–641, 634f

complications of, 635–636, 637
contraindications to, 633, 634
exercise after, 637, 638t, 639–640
implants for, 634–635, 634f, 635f
indications for, 633
outcomes of, 640–641
postoperative management and

immobilization after, 636–637, 638t,
639–640

precautions for, 638
procedures for, 634–635
“survival rates,” 640

Total elongation time, 97
Total Gym®, 236, 236f
Total hip arthroplasty (THA), 375, 375f, 727f

accelerated rehabilitation after, 733
complications of, 731–732
contraindications to, 728
exercise and functional training after, 733–737,

738–739
impact of rehabilitation after, 738
implants for, 728–729
indications for, 727
joint dislocation after, 731, 731f
minimally invasive, 729, 730

vs. traditional approach, 738
outcomes of, 737–739
postoperative management of, 732–737
precautions after, 728, 734, 735, 736
preoperative management for, 727–728
procedures for, 728–731
sports activities, return to, 737t
traditional surgical approaches for, 729–730
weight-bearing considerations for, 732–733

Total joint replacement arthroplasty, 375–376, 375f
carpometacarpal joint of thumb, 679–682
contraindications to, 376
glenohumeral joint, 559–567 (See also

Shoulder replacement arthroplasty)
materials, designs, and methods of fixation 

for, 375–376
minimally invasive vs. traditional, 376
wrist, 668–671

Total knee arthroplasty (TKA), 780, 781
athletic participation after, 790, 792
complications of, 784–785
exercise after, 787–790
immobilization and early motion in, 786
implants and fixation for, 782–784, 783f
indications for, 781
minimally invasive vs. standard, 784t
outcomes of, 790–792

postoperative management for, 785–786t, 
785–790

procedures for, 781–784
recommendations for physical activities 

after, 790
weight-bearing considerations for, 786–787

Total shoulder arthroplasty (TSA), 559, 562–563t.
See also Shoulder replacement
arthroplasty

Total wrist arthroplasty, 668–671
complications of, 671
exercise after, 670–671
immobilization after, 670
implants for, 668–669, 669f
indications and contraindications to, 668
outcomes of, 671
procedures for, 668–669

Towel crumple, 708
Towel stretch, for lymphedema, 1037
Traction. See also Joint traction

cervical, 465–466
manual, 499, 499f
self-traction, 499–500

lumbar, 464, 505–506, 506f
manual, 505
for PNF, 217
positional, 505–506, 506f
for soft tissue injuries, 472
for spinal problems with extension 

bias, 461
for spinal problems with flexion bias, 468, 469
for spinal problems with non-weight-bearing

bias, 459–460
Training angle, 189
Training load. See Exercise load
Trampolines, mini, 237
Transfer of training. See Cross-training effect

(transfer of training)
Transforaminal lumbar interbody fusion 

(TLIF), 466–467
Transitional movements, 542
Translation. See Slide/translation
Transtheoretical model (TTM), 50, 51f
Transverse ligament of elbow, 624, 625f
Transverse perineal muscles, 988f
Transverse tarsal joint, 853

arthrokinematics of, 853
hypomobility of, 855
range of motion techniques for, 72

Transversus abdominis (TrA) muscle, 424, 424f,
425f, 531. See also Deep segmental
muscle activation and training

activation of, 453, 515, 517–518, 517f–518f
during breathing, 428, 428f
delayed or absent activation of, 453, 514
feedforward control and, 427
intra-abdominal pressure and, 428–429, 428f

Trapezius muscle, 402f
isometric exercises for, 603, 603f
strengthening exercises for, 607–609, 608f,

609f, 610, 610f, 611f
stretching the upper, 601, 602f

Trauma
arthritis after, 667–668, 776
collagen changes affecting stress-strain

response, 91–92
cumulative, 331–333

knee, 793
ligament injuries, 805

laceration of extensor tendons of hand, 695
laceration of flexor tendons of hand, 686
muscle and soft tissue injuries affecting 

spine, 451
repetitive (See Overuse syndromes)
soft tissue lesions (See Soft tissue lesions)
temporomandibular joint dysfunction 

due to, 481
wrist sprain, 686

Treadmill, 616t
Treadmill, hand-walking on, 914
Treadmill testing, 252
Treatment plane, 137, 137f
Triceps brachii muscle, 389f, 548f

in elbow extension, 626
insufficiency of, after total elbow 

arthroplasty, 636, 637
long head of

self-stretching of, 646, 646f
strengthening of, 649, 649f
technique for elongation of, 67, 67f

strengthening exercises for, 648–649, 649f,
651–652, 652f

in total elbow arthroplasty, 635
Trigger point therapy, 86

for temporomandibular joint dysfunction, 482
Trigger points, in myofascial pain 

syndrome, 346–347, 346f
Triquetrum, 664
Trochanteric bursitis, 748
Trochanteric osteotomy, 730, 734, 735
Trochlear groove, 773
Trochleoplasty, 799
Tropocollagen crystals, 88, 88f
Trunk. See also Abdominal muscles; Thoracic

region
aquatic strengthening exercises for

dynamic trunk stabilization, 311–312, 312f
independent, 312, 313–314, 314t

BodyBlade® for dynamic stabilization of, 235f
dynamic exercises for, in pregnancy, 1006–1007
elastic resistance for strengthening, 234f
flexion of, exercises to increase, 532–533, 

532f–533f
gravity line of, 422, 422f
muscles of, 423–427, 423f

activation of (See Deep segmental muscle
activation and training)

characteristics and functions of global
muscles, 423, 423f, 515

as hip abductors, 720
impaired posture, 429
lumbar stabilization with limb loading for

trunk extensors, 523, 525f, 525t
pelvifemoral motion and, 719
push-ups with stabilization of, 539, 539f
rhythmic stabilization for, 223, 223f, 

530–531, 531f
side-bending exercises, 419, 433, 529, 

535–536, 536f
Trust for America’s Health, 44
Tuck jump, 933, 934f
Tunnel of Guyon

ulnar nerve compression in, 409
ulnar nerve entrapment in, 387
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U
Ulna, 146f, 624f, 658f
Ulnar artery, 405f
Ulnar collateral ligament, 624, 625f
Ulnar deviation. See Wrist, radial and ulnar

deviation of
Ulnar nerve, 386–387, 387f, 388f

compression in cubital tunnel, 626
compression in tunnel of Guyon, 387, 409
injury of, 387
testing and mobilization techniques 

for, 399, 400f
Ulnar-meniscal-triquetral joint

articulation of, 152
ULNT. See Upper limb neurodynamic test

(ULNT)
Ultrasound feedback, 515
Unicompartmental knee arthroplasty (UKA),

781, 783
Upper body ergometer, 238, 238f, 537, 616t
Upper extremity. See also Elbow; Forearm; Hand;

Shoulder; Wrist; specific structures
alternating isometrics for, 223, 223f
aquatic exercises for

independent strengthening exercises, 312,
313f, 314t

manual resistance exercises, 308–310, 
308f–310f

manual stretching, 303–304, 305, 305f
self-stretching, 306–307

BodyBlade® for dynamic stabilization of, 235f
breast cancer-related lymphedema 

of, 1027–1033
D1 extension pattern, 218–219, 218–219f, 309
D1 flexion pattern, 218, 218f, 309
D2 extension pattern, 219–220, 219–220f, 

309–310, 309f, 310f
D2 flexion pattern, 219, 219f, 309–310, 309f,

310f, 614, 614f
elastic resistance for strengthening, 234f
lymphatic drainage exercises for, 1036–1038,

1037f–1038f
manual resistance exercises for, 209–212, 

209f–212f
manual stretching techniques for, 115–117
neural testing and mobilization techniques for,

398–399, 399f–400f
plyometric exercises for, 592, 644, 652, 923,

924–931
PNF diagonal patterns for, 216t, 218f–220f
range of motion techniques for, 64–69

self-assisted, manual, 73–75, 74f–75f
self-assisted, overhead pulleys, 77–78, 78f
self-assisted, reciprocal exercise unit, 78
self-assisted, skate board, 78
self-assisted, wall climbing, 77, 77f
self-assisted, with T-bar, 76–77, 77f

strengthening exercises for, 914–917
Upper hand, 64
Upper limb neurodynamic test (ULNT), 397–398

of median nerve, 398–399, 399f
of radial nerve, 399, 399f
of ulnar nerve, 399, 400f

Ureters, in pregnancy, 985
Urinary incontinence, 972–973, 990–991

bladder management for, 993

Urinary system, in pregnancy, 985
Uterus

involution of, 984
in pregnancy, 984–985

V
Vaginal birth after cesarean, 1010
Valsalva maneuver

avoiding in pregnancy, 1004, 1009, 1014
during hold-relax and contract-relax

procedures, 104
during isometric exercise, 189
during resistance exercise, 203
spinal stability and, 428–429

Variable-resistance exercise, 192–193, 193f
Variable-resistance machines, 193f, 232, 232f
Varicose veins, 997
Vasculature

adaptations to resistance exercise, 177
inferior vena cava compression during

pregnancy, 1000, 1004, 1004f
in thoracic outlet syndrome, 402
varicose veins in pregnancy, 997
vascular disorders of extremities (See also

Peripheral vascular disease (PVD))
Vastus intermedius muscle, 391f
Vastus lateralis muscle, 391f, 772, 772f
Vastus medialis muscle, 391f, 772, 772f, 833
Vastus medialis obliquus (VMO) muscle

imbrication of, 799
patellofemoral symptoms and, 793

Vehicle, getting in and out of, 538
Veins

of lower extremity, 366f
varicose, 997

Velocity of exercise
resistance exercise, 178, 185

dynamic constant external resistance, 193
eccentric and concentric, 185, 185f, 191
force-velocity relationship, 185, 185f
isokinetic, 185, 194, 194t
variable-resistance, 193

stretching, 99
Velocity spectrum rehabilitation, 185, 194, 228
Venous disorders. See Deep vein thrombosis

(DVT)
Ventilatory muscle training. See also Breathing

exercises
Vertebra(e)

compression fracture of, 451
discs (See Intervertebral disc(s))
factors in fracture of, 451
foramina, intervertebral, 421, 460, 468
pathology of, 451–452
Scheuermann’s disease, 445, 451, 473–474
side bending (intervertebral), techniques to

increase, 511, 511f
Vestibular reflexes, 266–267
Vestibular system, 266–267

impairments of, 272
Vests

for aquatic exercise, 301
weighted, for postural control, 965–967, 965f

Viscoelastic creep
of elastic therapy materials, 233–234
of tissue, 90, 91f
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Viscoelasticity, 88, 90–91
Viscosity of water, 298
Visual imagery. See Imagery
Visual system, 266

impairments of, 272, 281
VMO. See Vastus medialis obliquus muscle
Voluntary movement system, 268, 268t
V-spread technique, 506, 507f

W
Walk test, 6 minute, 949t
Walker, rollator, 281
Walking. See also Gait

balance during, 272
in balance training program, 285
band walking, 920–921, 921f
bone mineral density (BMD) and, 349
deep-water, 315–316, 315f
effects on spine, 537
for knee disorders, 779
movements in the air, 1039, 1039f
against resistance, 540, 893
tandem, 284f
for thromboembolic disorders, 369
training for, 538

Walking tests, 251
Wall climbing, 77, 77f
Wall press, overhead, 1037, 1038f
Wall push-offs, 930, 930f
Wall slides, 539–540, 540f, 779

with ball, 761, 761f
with external hip rotation, for 

lymphedema, 1038, 1038f
gravity-assisted supine, 831, 831f
unilateral: standing, 837–838, 918, 918f

Wall (window) washing, 595
WAMI-3 (Wellness Aging Model related to Illness,

Injury, and Immobility), 941–942, 
942f, 945

Wand (T-bar) exercises
for early motion of glenohumeral 

joint, 594–595, 595f
for lymphedema, 1037

Warm-up period
for aerobic exercise, 255
in Otago Home Exercise Program, 283
for resistance exercise, 201
for stretching, 111

Water. See also Aquatic exercise
physical properties of, 297–298
temperature for therapeutic exercise, 299–300

Weakness, 93
muscle, 322
overwork, 204

Weaver’s bottom, 748
Wedge osteotomy, 378
Weight bearing

after Achilles tendon repair, 882–884
after ankle or foot arthrodesis, 867
ankle/foot hypomobility and pain during, 856
after anterior cruciate ligament 

reconstruction, 817
after distal realignment of extensor

mechanism of knee, 805
exercises for patellofemoral pain 

syndrome, 796–797
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after hip fracture open reduction/internal
fixation, 743

after lateral retinacular release, 801–802
after medial patellofemoral ligament repair

and related procedures, 801–802
after meniscal surgery, 827
after posterior cruciate ligament

reconstruction, 823
after repair of ankle ligaments, 876
after shoulder surgery, 596
after total ankle arthroplasty, 862
after total hip arthroplasty, 732–733
after total knee arthroplasty, 786–788
unilateral, in pregnancy, 1009

Weight loss, considerations for discussion, 970
Weight training. See Mechanical resistance exercise
Weight-bearing exercise. See also Closed-chain

exercise; specific weight-bearing
exercises

for postural training in osteoporosis, 965
during soft tissue healing, 328

Weight-cable systems, variable 
resistance, 232, 232f

Weighted cart, pushing, 615, 615f
Weight-pulley systems, 230, 230f. See also Pulleys

advantages and disadvantages of, 231–232
for back extension, 535, 535f
characteristics of, 230–231
for spine exercises, 535
walking against resistance of, 540

Weights. See Free weights
Weight-shift strategy for balance control, 268
Well-being, 44
Well-being, psychological, 48
Wellness

definition of, 43
models of, 44, 45–46t, 45f
program for, 54, 55, 56–57, 56t

Wellness Aging Model related to Illness, Injury,
and Immobility (WAMI-3), 941–942,
942f, 945

Wells Criteria, 367
Whole practice, 32
Windlass effect, 853, 854
Window washing, 595
Wobble board, 279, 616t. See also Balance board
Wolff ’s law, 169
Women’s health issues

anterior cruciate ligament injuries in 
athletes, 806–807

pregnancy (See Pregnancy)
risk for hip fracture, 719

Work
ergonomics and, 437–438, 541
site assessment, 49

Work input, 250
Work output, 250
World Health Organization. See also

International Classification of
Functioning, Disability, and Health
(ICF)

FRAX® (Fracture Risk Assessment Tool), 948
International Classification of Disease (ICD), 6
International Classification of Impairments,

Disabilities, and Handicaps (ICIDH), 4
Wounds, in skin evaluation of lymphedema, 1023
Wrist. See also Hand; specific joints

bones and joints of, 149f, 658, 658f
in carpal tunnel syndrome, 405–409
consequences of injuries to, 687
elbow muscles’ relationship to muscles 

of, 626
elbow-muscle action and, 625–626
exercise techniques for

functional progression, 707
to improve muscle performance,

neuromuscular control, and
coordinated movement, 706–708,
707f–708f

to increase flexibility and range of motion,
704–706, 705f–706f

to increase musculotendinous mobility,
701–704, 702f–704f

exercises for lymphedema, 1037, 1038f
functional activities for, 708
joint hypomobility in, 664–667
joint protection in, 665–666
manual stretching techniques for, 116, 117f
mobility of, 666
mobilization techniques for, 149–154
mobilization with movement of, 666–667, 667f
nerve disorders in, 663
osteoarthritis in, 665, 665f
PNF diagonal patterns for, 216t
radial and ulnar deviation of

manual resistance exercise, 212
manual stretching, 117
muscles of, 660t
self-assisted range of motion, 74, 75f
strengthening exercises, 707, 707f

range of motion techniques for, 68, 68f, 69, 69f
self-assisted, 74, 75f

rheumatoid arthritis of, 338f, 664–665, 
664f, 668

sprain of, 686
surgery for disorders of, 667–668

arthrodesis, 668
carpal tunnel syndrome, 408
total wrist arthroplasty, 668–671

tenosynovitis/tendinitis in, 685–686
traumatic injuries of, 686–701

Wrist extension
manual resistance exercise for, 212
manual stretching technique for, 116, 117f
muscles of, 660t
range of motion techniques for, 68
strengthening exercises for, 650, 650f, 706, 707f
stretching techniques for, 116, 117f, 705, 706f

Wrist flexion
manual resistance exercise for, 212, 212f
manual stretching technique for, 116
muscles of, 660t
range of motion techniques for, 68, 68f
strengthening exercises for, 650, 706, 707f
stretching techniques for, 116, 705

Wrist muscles, 660–661t, 660–663, 661f, 662f
extensors, 626

in elbow overuse syndromes, 643
self-stretching of, 647, 647f
strengthening of, 650, 650f

flexors, 626, 661f
in elbow overuse syndromes, 643
self-stretching of, 647

length-tension relationships for, 661
relationship to elbow, 626
strengthening exercises for, 706–708, 

707f–708f
Wrist roller, 650, 650f

Y
Y ligament of Bigelow (iliofemoral), 715, 

715f, 716
Y-Balance Test (YBT), 275t, 276, 287
Young’s modulus, 90

Z
Zigzag deformity of thumb, 665
Zigzag forward hops/jumps, 935, 935f
Zygapophyseal joints. See Facet joints
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