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Alphabetical List of Muscles

A

159 Abductor digiti minimi (hand)
215 Abductor digiti minimi (foot)
224 Abductor hallucis
171 Abductor pollicis brevis
166 Abductor pollicis longus
180 Adductor brevis
225 Adductor hallucis
179 Adductor longus
181 Adductor magnus
173 Adductor pollicis
144 Anconeus
27 Auriculares

201 Articularis genus

140 Biceps brachii
192 Biceps femoris
141 Brachialis

143 Brachioradialis
26 Buccinator

120 Bulbospongiosus

C

34 Chondroglossus
116 Coccygeus
139 Coracobrachialis
5 Corrugator supercilii
50 Cricothyroid
[Cricothyroideus]
117 Cremaster

D
133 Deltoid [Deltoideus]

23 Depressor anguli oris
24 Depressor labii inferioris
14 Depressor septi

101 Diaphragm
78 Digastric [Digastricus]

2 Epicranius
149 Extensor carpi radialis brevis
148 Extensor carpi radialis longus
150 Extensor carpi ulnaris
158 Extensor digiti minimi
154 Extensor digitorum
212 Extensor digitorum brevis
211 Extensor digitorum longus
221 Extensor hallucis longus
155 Extensor indicis
168 Extensor pollicis brevis
167 Extensor pollicis longus

F

151 Flexor carpi radialis

153 Flexor carpi ulnaris

160 Flexor digiti minimi brevis
(hand)

216 Flexor digiti minimi brevis
(foot)

214 Flexor digitorum brevis

213 Flexor digitorum longus

157 Flexor digitorum profundus

156 Flexor digitorum superficialis

223 Flexor hallucis brevis

222 Flexor hallucis longus

170 Flexor pollicis brevis

169 Flexor pollicis longus

G

205 Gastrocnemius
190 Gemellus inferior
189 Gemellus superior
32 Genioglossus
77 Geniohyoid [Geniohyoideus]
182 Gluteus maximus
183 Gluteus medius

184 Gluteus minimus
178 Gracilis

H
33 Hyoglossus

|
176 Tliacus

66 Tliocostalis cervicis
89 Iliocostalis thoracis
90 Iliocostalis lumborum
41 Inferior pharyngeal constrictor
[Constrictor pharyngis
inferior]
38 Inferior longitudinal
(tongue) [Longitudinalis
inferior]
84-87 Infrahyoids (see
Sternothyroid, Thyrohyoid,
Sternohyoid, Omohyoid)
136 Infraspinatus
102 Intercostales externi
103 Intercostales interni
104 Intercostales intimi
164 Interossei, dorsal (hand)
[Interossei dorsales]

219 Interossei, dorsal (foot)
[Interossei dorsales]

165 Interossei, palmar or volar
[Interossei palmares]

220 Interossei, plantar [Interossei

plantares]

69 Interspinales cervicis

98 Interspinales lumborum

97 Interspinales thoracis

70 Intertransversarii cervicis

99 Intertransversarii lumborum

99 Intertransversarii thoracis

121 Ischiocavernosus

52 Lateral cricoarytenoid
[Cricoarytenoideus lateralis |
30 Lateral pterygoid
[Pterygoideus lateralis]
130 Latissimus dorsi
17 Levator anguli oris
115 Levator ani
15 Levator labii superioris
16 Levator labii superioris
alaeque nasi
3 Levator palpebrae superioris
127 Levator scapulae
46 Levator veli palatini
107 Levatores costarum
60 Longissimus capitis
64 Longissimus cervicis
91 Longissimus thoracis
74 Longus capitis
79 Longus colli
163 Lumbricales (hand)
[Lumbricals]
218 Lumbricales (foot)
[Lumbricals]

M

28 Masseter

31 Medial pterygoid
[Pterygoideus medialis]

21 Mentalis

42 Middle pharyngeal constrictor
[Constrictor pharyngis
medius|

94 Multifidi

48 Musculus uvulae

75 Mylohyoid [Mylohyoideus]

N
13 Nasalis

54 Oblique arytenoid
[Arytenoideus obliquus]
59 Obliquus capitis inferior
58 Obliquus capitis superior
110 Obliquus externus abdominis
11 Obliquus inferior oculi
111 Obliquus internus abdominis
10 Obliquus superior oculi
188 Obturator externus
[Obturatorius externus]|
187 Obturator internus
[Obturatorius internus]|
1 Occipitofrontalis
87 Omohyoid [Omohyoideus]
161 Opponens digiti minimi
172 Opponens pollicis
4 Orbicularis oculi
25 Orbicularis oris

P

36 Palatoglossus

49 Palatopharyngeus
162 Palmaris brevis
152 Palmaris longus
177 DPectineus

131 Pectoralis major
129 Pectoralis minor
209 Peroneus brevis
208 Peroneus longus
210 Peroneus tertius
186 Diriformis
207 Plantaris

88 Platysma
202 Popliteus

51 Posterior cricoarytenoid

[ Cricoarytenoideus posterior]

12 Procerus

147 Pronator quadratus
146 Pronator teres

174 Psoas major

175 Psoas minor

114 Pyramidalis

Q

191 Quadratus femoris

100 Quadratus lumborum

217 Quadratus plantace

196-200 Quadriceps femoris
(see Rectus femoris,
Vastus intermedius,
Vastus medialis longus,
Vastus medialis oblique,
Vastus lateralis)

113 Rectus abdominis
72 Rectus capitis anterior
73 Rectus capitis lateralis
56 Rectus capitis posterior major
57 Rectus capitis posterior minor
196 Rectus femoris
7 Rectus inferior
9 Rectus lateralis
8 Rectus medialis
6 Rectus superior
125 Rhomboid major
[Rhomboideus major]
126 Rhomboid minor
[Rhomboideus minor]
20 Risorius
71 Rotatores cervicis
96 Rotatores lumborum
95 Rotatores thoracis

S

45 Salpingopharyngeus
195 Sartorius
80 Scalenus anterior

81 Scalenus medius
82 Scalenus posterior
194 Semimembranosus
62 Semispinalis capitis
65 Semispinalis cervicis
93 Semispinalis thoracis
193 Semitendinosus
128 Serratus anterior
109 Serratus posterior inferior
108 Serratus posterior superior
206 Solcus
123 Sphincter ani externus
122 Sphincter urethrae
63 Spinalis capitis
68 Spinalis cervicis
92 Spinalis thoracis
61 Splenius capitis
67 Splenius cervicis
83 Sternocleidomastoid
[Sternocleidomastoideus |
86 Sternohyoid [Sternohyoideus]
84 Sternothyroid
[Sternothyroideus]
35 Styloglossus
76 Stylohyoid [Stylohyoideus]
44 Stylopharyngeus
132 Subclavius
105 Subcostales
134 Subscapularis
37 Superior longitudinal (tongue)
[Longitudinalis superior]
43 Superior pharyngeal
constrictor [Constrictor
pharyngis superior|
145 Supinator
75-78 Suprahyoids (see
Mylohyoid, Stylohyoid,
Geniohyoid, Digastric)
135 Supraspinatus

T

29 Temporalis
2 Temporoparictalis
185 Tensor fasciae latae
47 Tensor veli palatini
138 Teres major
137 Teres minor
85 Thyroarytenoid
85 Thyrohyoid [ Thyrohyoideus]
203 Tibialis anterior
204 Tibialis posterior
53 Transverse arytenoid
[Arytenoideus transversus|
39 Transverse lingual
[Transversus linguac]
112 Transversus abdominis
22 Transversus menti
119 Transversus perinei
profundus
118 Transversus perinei
superficialis
106 Transversus thoracis
124 Trapezius
142 Triceps brachii

U

48 Uvula (see Musculus uvulac)

\

198 Vastus intermedius
197 Vastus lateralis
199 Vastus medialis longus
200 Vastus medialis oblique
40 Vertical lingual [Verticalis
linguae]

y4

18 Zygomaticus major
19 Zygomaticus minor
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For nearly 70 years, Daniels and Worthingham’s Muscle
Testing has been informing students and practitioners
about the art and science of manual muscle testing. Over
the past seven decades there have been nine editions of
the text, including this current edition.

The last three editions of the book included a chapter
on functional (developmental) muscle testing of the
child. However, we have elected to remove the chapter
from the current edition owing to the explosion of new
material available to the pediatric therapist, which is far
more detailed and comprehensive than anything we
could provide in an entry-level text. We have also removed
the chapter on upright motor control. In the past decade
clinical specialists have developed evidence-based assess-
ment tools that are more comprehensive than those
covered in our original chapter—hence the decision to
omit it from the new edition.

What is most noteworthy about the ninth edition is
the inclusion of four new chapters. Clinical practice has
changed considerably over the years and the original
basis for muscle testing, to identify the ravages of polio,
no longer drives current clinical decision-making. Two-
thirds of the patients we now see in clinic are older than
60 years of age and what is required for much of our
assessment of older clientele are functional tests. Thus,
Chapter 9 is devoted to functional testing that is appro-
priate for older patients (including the very old) as well
as for men and women of all ages who are deconditioned
and/or obese. These functional tests identity deficits in
strength, balance, and range of motion and determine if
muscle performance is adequate for the maintenance of
independence.

Chapter 8 presents alternatives to manual muscle
testing such as 1-repetition maximum testing and other
cquipment-based methods for strength and power
testing. This new chapter also includes the rationale for
when to use various tests. All of the suggested perfor-
mance and strength tests have demonstrated reliability
and validity, with reasonable sensitivity and specificity
as well. A third new chapter, Chapter 2, delineates
the relevance and limitations of manual and other
forms of testing. The final new chapter, Chapter 10,
features case studies that illustrate the need for multiple
approaches to the assessment of muscle strength and
offers interpretations of the use of muscle testing
in various practice settings using an evidence-based
approach. Also new to this edition are muscle tests that
have emerged in the literature in recent years that have

PREFACE

become mainstream for treating patients with shoulder
and back impairments. All of the new tests and chapters
are heavily referenced, providing a rich resource for
practitioners with various levels of skill, and are accom-
panied by original and new drawings. Thus, much like
our field, the Muscle Testing book has evolved, reflecting
changes that are typical of a vibrant and viable clinical
profession.

It is important to remind the reader that mastery of
muscle testing, whether performed manually or using a
strength-testing device, requires substantial practice. The
only way to acquire proficiency in clinical evaluation
procedures is to practice over and over again. As experi-
ence with patients matures over time, the nuances that
can never be fully described for the wide variety of
patients encountered by the clinician will become as
much intuition as science. The master clinician will
include muscle testing as part and parcel of every patient
evaluation, regardless whether a formal detailed docu-
ment is completed or whether the test is used as a prelude
to treatment planning. Muscle testing continues to be
among the most fundamental skills of the physical thera-
pist and others who are concerned with abnormalities of
human motion.

Because proficiency in muscle testing can only be
achieved if the practitioner has a thorough understand-
ing of anatomy, anatomical drawings are presented
throughout the book, many in cross-section format, and
descriptions of origins and insertions and functions are
also provided. Study them well.

We are enormously grateful to our forebears for the
work that went into the creation of this text. We are
grateful as well to the individuals who helped in the
creation of the book, particularly our developmental
editor, Linda Wood; Yoshi Miyake for the new artwork;
Judith Burnfield for the muscle test videos; Mary Pohlman
and Christie Hart, and the rest of the team at Elsevier.
Special thanks go to the individuals who contributed to
and reviewed sections of the book during its develop-
ment. We thank Richard Bohannan, Susan George, Sue
Miller, Christopher Neville, Kevin Neville, and Patrick
VanBeveren for their valuable insights. Finally, we thank
Marianne Munson and Jillian Johnson for assistance in
preparation of the manuscript.

Helen J. Hislop, PhD, ScD, FAPTA

Dale Avers, DPT, PhD
Marybeth Brown, PT, PhD, FAPTA
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This book presents manual muscle testing within the
context of strength testing. Classic muscle testing is a
fundamental skill of every physical therapist and is essen-
tial to the diagnosis and assessment of movement impair-
ments. However, as manual muscle testing has come
under scientific scrutiny, it is obvious that its use to
evaluate and assess strength as a component of functional
movement patterns and tasks is inadequate. Therefore,
in addition to the classic presentation of manual muscle
testing, this edition presents methods of strength testing
that are valid, objective, and applicable across various
settings. Chapter 8 presents a variety of strength testing
methods using common equipment. If normative values
are available, these are included. Chapter 9 describes
functional tests that have a significant strength compo-
nent. Age-based norms are included when available.
Chapter 10 describes patient scenarios that describe
various uses of strength testing.

Muscle strength is a critical component of functional
movement. Assessment must include accurate measure-
ment of the quantity of strength within the context of
functional tasks and movement. Especially for the lower
extremities, methods that allow the expansion of the find-
ings of manual muscle testing from an impairment to a
function level are needed. Quantitative assessment pro-
motes accurate assessment of progress and patient perfor-
mance within the context of age-based normative values.
Although few “hard numbers” of threshold strength
levels exist for specific functional movements, we have
identified the known muscles that have been correlated
with a specific task and, in some cases, have suggested
values that may serve as a target for the identification of
strength as a factor of a specific functional task.

The manual muscle testing portion of this book, as in
its previous editions, directs its focus on manual proce-
dures. Joint motions (e.g., hip flexion) rather than indi-
vidual muscles (e.g., iliopsoas) are the focus of this text
because of the contributions of more than one muscle
to a movement. Although prime movers of a movement
can be identified, secondary or accessory movers may be
equally important and should not be overlooked or
underestimated. Rarely is a prime mover the only active
muscle, and rarely is it used under isolated control for a
given movement. For example, knee extension is the
prerogative of the five muscles of the quadriceps femoris,
yet none of the five extend the knee in isolation from its
synergists. Regardless, definitive activity of any muscle in
a given movement can be precisely detected by kinesiol-
ogy electromyography, and such studies, although
numerous, remain incomplete.

Range of motion in this book is presented only to
illustrate the range required to test a movement cor-
rectly. A consensus of typical ranges is presented with

INTRODUCTION

cach test, but the techniques of measurement used are
not within the scope of this text.

BRIEF HISTORY OF MUSCLE TESTING

Wilhelmine Wright and Robert W. Lovett, MD, Profes-
sor of Orthopedic Surgery at Harvard University Medical
School, were the originators of the muscle testing system
that incorporated the effect of gravity."” Janet Merrill,
PT, Director of Physical Therapeutics at Children’s Hos-
pital and the Harvard Infantile Paralysis Commission in
Boston, an early colleague of Dr. Lovett, stated that the
tests were used first by Wright in Lovett’s office gymna-
sium in 1912.% The seminal description of the tests used
largely today was written by Wright and published in
1912%; this was followed by an article by Lovett and
Martin in 1916* and by Wright’s book in 1928.°> Miss
Wright was a precursor of the physical therapist of today,
there being no educational programs in physical therapy
in her time, but she headed Lovett’s physical therapeutic
clinic. Lovett credits her fully in his 1917 book, Treat-
ment of Infantile Paralysis,® with developing the testing
for polio. In Lovett’s book, muscles were tested using a
resistance-gravity system and graded on a scale of 0 to
6. Another early numerical scale in muscle testing was
described by Charles L. Lowman, MD, founder and
medical director of Orthopedic Hospital, Los Angeles.”
Lowman’s system (1927) covered the effects of gravity
and the full range of movement on all joints and was
particularly helpful for assessing extreme weakness.
Lowman further described muscle testing procedures in
the Physiotherapy Review in 1940.°

H.S. Stewart, a physician, published a description of
muscle testing in 1925 that was very brief and was not
anatomically or procedurally consistent with what is done
today.” His descriptions included a resistance-based
grading system not substantially different from that in
use today: maximal resistance for a normal muscle; com-
pletion of the motion against gravity with no other resis-
tance for a grade of fair, and so forth. At about the time
of Lowman’s book, Arthur Legg, MD, and Janet Merrill,
PT, wrote a valuable small book on poliomyelitis in
1932. This book, which offered a comprehensive system
of muscle testing, was used extensively in physical therapy
educational programs during the early 1940s; muscles
were graded on a scale of 0 to 5, and a plus or minus
designation was added to all grades except 1 and zero.'

Among the earliest clinicians to organize muscle testing
and support such testing with sound and documented
kinesiologic procedures in the way they are used today
were Henry and Florence Kendall. Their earliest pub-
lished documents on comprehensive manual muscle

testing became available in 1936 and 1938.'"'? The 1938
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monograph on muscle testing was published and distrib-
uted to all Army hospitals in the United States by the U.S.
Public Health Service. Another early contribution came
from Signe Brunnstrom and Marjorie Dennen in 1931;
their syllabus described a system of grading movement
rather than individual muscles as a modification of Lovett’s
work with gravity and resistance."?

In this same time period, Elizabeth Kenny came to
the United States from Australia, where she had had
unique experiences treating polio victims in the Austra-
lian back country. Kenny made no contributions to
muscle testing, and in her own book and speeches she
was clearly against such an evaluative procedure, which
she deemed to be harmful.'"* Her one contribution was
to heighten the awareness of organized medicine to the
dangers of prolonged and injudicious immobilization
of the polio patient, something that physical therapists
in the United States had been saying for some time
but were not widely heeded at the time.'*'*!*! Kenny
also advocated the early use of “hot fomentations” (hot
packs) in the acute phase of the disease.'* Kenny vocifer-
ously maintained that poliomyelitis was not a central
nervous system disease resulting in flaccid paresis or
paralysis but rather “mental alienation” of muscles from
the brain."*'® In her system, “deformities never
occurred”'*; however, she never presented data on mus-
cular strength or imbalance in her patients at any point
in the course of their disease.'*'*

The first comprehensive text on muscle testing still in
print (which went through five editions) was written by
Lucille Daniels, MA, PT; Marian Williams, PhD, PT;
and Catherine Worthingham, PhD, PT, and was pub-
lished in 1946."” These three authors prepared a com-
prehensive handbook on the subject of manual testing
procedures that was concise and easy to use. It remains
one of the most used texts the world over at the present
time and is the predecessor for all subsequent editions
of Daniels and Worthingham’s Muscle Testing including
this edition.

The Kendalls (together and then Florence alone after
Henry’s death in 1979) developed and published work
on muscle testing and related subjects for more than 6
decades, certainly one of the more remarkable sagas in
physical therapy or even medical history.'®?° Their first
edition of Muscles: Testing and Function appeared in
1949."% Earlier, the Kendalls had developed a percentage
system ranging from 0 to 100 to express muscle grades
as a reflection of normal; they reduced the emphasis on
this scale, only to return to it in the latest edition (1993),
in which Florence again advocated the 0 to 10 scale.”
The contributions of the Kendalls should not be consid-
ered as limited to grading scales, however. Their integra-
tion of muscle function with posture and pain in two
separate books'®"” and then in one book® is a unique
and extremely valuable contribution to the clinical science
of physical therapy.

Muscle testing procedures used in national field trials
that examined the use of gamma globulin in the preven-
tion of paralytic poliomyelitis were described by Carmella
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Gonnella, Georgianna Harmon, and Miriam Jacobs, all
physical therapists.”’ The later field trials for the Salk
vaccine also used muscle testing procedures.”” The epi-
demiology teams at the Centers for Disease Control were
charged with assessing the validity and reliability of the
vaccine. Because there was no other method of accurately
“measuring” the presence or absence of muscular weak-
ness, manual muscle testing techniques were used.

A group from the D.T. Watson School of Physiatrics
near Pittsburgh, which included Jesse Wright, MD; Mary
Elizabeth Kolb, PT; and Miriam Jacobs, PT, PhD,
devised a test procedure that eventually was used in the
field trials.”® The test was an abridged version of the
complete test procedure but did test key muscles in each
functional group and body part. It used numerical values
that were assigned grades, and each muscle or muscle
group also had an arbitrary assigned factor that corre-
sponded (as closely as possible) to the bulk of the tissue.
The bulk factor multiplied by the test grade resulted in
an “index of involvement” expressed as a ratio.

Before the trials, Kolb and Jacobs were sent to Atlanta
to train physicians to conduct the muscle tests, but it was
decided that experienced physical therapists would be
preferable to maintain the reliability of the test scores.”
Lucy Blair, then the Poliomyelitis Consultant in the
American Physical Therapy Association, was asked by
Catherine Worthingham of the National Foundation for
Infantile Paralysis to assemble a team of experienced
physical therapists to conduct the muscle tests for the
field trials. Kolb and Jacobs trained a group of 67 thera-
pists in the use of the abridged muscle test.”* A partial
list of participants was appended to the Lilienfeld paper
in the Physical Therapy Review in 1954.>* This approach
and the evaluations by the physical therapists of the pres-
ence or absence of weakness and paralysis in the field trial
samples eventually resulted in resounding approval of the
Salk vaccine.

Since the polio vaccine field trials, sporadic research
in manual muscle testing has occurred as well as contin-
ued challenges of its worth as a valid clinical assessment
tool. Iddings and colleagues noted that intertester reli-
ability among practitioners varied by about 4%, which
compares favorably with the 3% variation among the
carefully trained therapists who participated in the vaccine
field trials.**

There is growing interest in establishing norms of
muscular strength and function. Early efforts in this
direction were begun by Willis Beasley*® (although his
carliest work was presented only at scientific meetings)
and continued by Marian Williams®® and Helen J.
Hislop,”*® which set the stage for objective measures by
Bohannon® and others. The literature on objective mea-
surement increases yearly, an effort that is long overdue.
The data from these studies must be applied to manual
testing so that correlations between instrumented muscle
assessment and manual assessment can ensue.

In the meantime, until instrumented methods become
affordable for every clinic, manual techniques of muscle
testing will remain in use. The skill of manual muscle



testing is a critical clinical tool that every physical thera-
pist must not only learn but also master. A physical
therapist who aspires to recognition as a master clinician
will not achieve that status without acquiring exquisite
skills in manual muscle testing and precise assessment of
muscle performance.

HOW TO USE THIS BOOK

The general principles that govern manual muscle testing
are described in Chapter 1. A new Chapter 2 describes
the purposes and limitations of manual muscle testing,
placing manual muscle testing in the context of strength
testing across settings. Chapters 3 through 7 present the
techniques for testing motions of skeletal muscle groups
in the body region covered by that chapter. Chapter 4
reflects changes to practice through the expansion of the
trunk muscle strength testing section, the addition of
pelvic floor muscle testing, and the expansion of the
respiratory muscle section. Chapters 8 and 9 are new
chapters that describe methods of strength testing using
equipment and instruments (Chapter 8) and through
functional tests (Chapter 9). Students should learn
manual muscle testing within the context of strength
testing to avoid some of the limitations described in
Chapter 2. Chapter 10 uses cases to describe different
methods of strength testing in various patient popula-
tions and settings.

For instant access to anatomical information without
carrying a large anatomy text to a muscle testing session,
a Ready Reference Anatomy section is given in Chapter
11. This chapter is a synopsis of muscle anatomy, muscles
as part of motions, muscle innervations, and myotomes.

To assist readers, each muscle has been assigned an
identification number based on a regional sequence,
beginning with the head and face and proceeding through
the neck, thorax, abdomen, perineum, upper extremity,
and lower extremity. This reference number is retained
throughout the text for cross-referencing purposes. Two
lists of muscles with their reference numbers are pre-
sented, one alphabetical and one by region, to assist
readers in finding muscles in the Ready Reference section.

NAMES OF THE MUSCLES

Muscle names have conventions of usage. The most
formal usage (and the correct form for many journal
manuscripts) is the terminology established by the Inter-
national Anatomical Nomenclature Committee and
approved or revised in 1955, 1960, and 1965.% However,
common usage often neglects these prescribed names in
favor of shorter or more readily pronounced names. The
authors of this text make no apologies for not keeping
strictly to formal usage. Most of the muscles cited do
follow the Nomina Anatomica. Others are listed by the
names in most common use. The alphabetical list of
muscles (see Chapter 11) gives the name used in this text
and the correct Nomina Anatomica term, when it differs,
in parentheses.

ANATOMICAL AUTHORITIES

The authors of this book relied on both the American
and British versions of Gray’s Anatomy as principal refer-
ences for anatomical information; the British edition
(Williams et al) was always the final arbiter because of its
finer detail and precision.

THE CONVENTION OF ARROWS
IN THE TEXT

Red arrows in the text denote the direction of movement
of a body part, either actively by the patient or passively
by the examiner. The length and direction of the arrow
indicates the relative excursion of the part.

Examples:

p ( 2 -

Black arrows in the text denote resistance by the
examiner. The arrow indicates distance, and the width
gives some relative idea of whether resistance is large or
small.

Examples:

p (( P -
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MUSCLE TEST

THE GRADING SYSTEM

Grades for a manual muscle test are recorded as numeri-
cal scores ranging from zero (0), which represents no
activity, to five (5), which represents a “normal” or best-
possible response to the test or as great a response as can
be evaluated by a manual muscle test. Because this text
is based on tests of motions rather than tests of individual
muscles, the grade represents the performance of all
muscles in that motion. The numerical 5 to 0 system of
grading is the most commonly used convention across
health care professions.

Each numerical grade can be paired with a word that
describes the test performance in qualitative, but not
quantitative, terms. These qualitative terms, when
written, are capitalized to indicate that they too represent
a score. Qualitative test grades are not quantitative in any
manner.

Qualitative Score

Normal (N)

Good (G)

Fair (F)

Poor (P)

Trace activity (T)

0 Zero (no activity) (0)

These grades are based on several factors of testing and response that
will be elaborated in this chapter.

Numerical Score

— N W N~ O

OVERVIEW OF TEST PROCEDURES
The Break Test

Manual resistance is applied to a limb or other body part
after it has completed its range of motion or after it has
been placed at end range by the therapist. The term
resistance is always used to denote a concentric force that
acts in opposition to a contracting muscle. Manual resis-
tance should always be applied in the direction of the
“line of pull” of the participating muscle or muscles. At
the end of the available range, or at a point in the range
where the muscle is most challenged, the patient is asked
to hold the part at that point and not allow the therapist
to “break” the hold with manual resistance. For example,
a seated patient is asked to flex the elbow to its end
range; when that position is reached, the therapist applies
resistance at the wrist, trying to force the muscle to
“break” its hold and thus move the forearm downward
into extension. This is called a break test, and it is the
procedure most commonly used in manual muscle testing
today.

As a recommended alternative procedure, the thera-
pist may choose to place the muscle or muscle group to
be tested in the end or test position rather than have the
patient actively move it there. In this procedure the
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therapist ensures correct positioning and stabilization for
the test.

Active Resistance Test

An alternative to the break test is the application of
manual resistance against an actively contracting muscle
or muscle group (i.e., against the direction of the move-
ment as if to prevent that movement). This may be
called an “active resistance” test. During the motion,
the therapist gradually increases the amount of manual
resistance until it reaches the maximal level the patient
can tolerate and motion ceases. This kind of manual
muscle test requires considerable skill and experience to
perform and is so often equivocal that its use is not
recommended.

Application of Resistance

The principles of manual muscle testing presented here
and in all published sources since 1921 follow the basic
tenets of muscle length—tension relationships as well as
those of joint mechanics."” In the case of the biceps
brachii, for example, when the elbow is straight, the
biceps lever is short; leverage increases as the elbow flexes
and becomes maximal (most efficient) at 90°, but as
flexion continues beyond that point, the lever arm again
decreases in length and efficiency.

In manual muscle testing, external force (resistance)
is applied at the end of the range in one-joint muscles to
allow for consistency of procedure. Two-joint muscles
are typically tested in mid-range where length-tension is
more favorable. Ideally, all muscles and muscle groups
should be tested at optimal length-tension, but there are
many occasions in manual muscle testing where the ther-
apist is not able to distinguish between Grade 5 and
4 without putting the patient at a mechanical disadvan-
tage. Thus, the one-joint brachialis, hip abductors, and
quadriceps muscles are tested at end range and the two-
joint hamstrings and gastrocnemius muscles are tested in
mid-range.

The point on an extremity, or part, where the thera-
pist should apply resistance is near the distal end of the
segment to which the muscle attaches. There are two
common exceptions to this rule: the hip abductors and
the scapular muscles. In the patient who has an unstable
knee, resistance to the hip abductors should be applied
at the distal femur just above the knee. When using the
short lever, hip abductor strength must be graded no
better than Grade 4 even when the muscle takes maximal
resistance. However, in testing a patient with Grade 5
knee strength and joint integrity, the therapist should
apply resistance at the ankle; the longer lever provided
by resistance at the ankle is a greater challenge for the
hip abductors and is more indicative of the functional
demands required in gait. It follows that when a patient
cannot tolerate maximal resistance at the ankle, the
muscle cannot be considered Grade 5.
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An example of testing with a short lever occurs in the
patient with an above-knee amputation, where the grade
awarded, even when the patient can hold against maximal
resistance, is Grade 4. Because the weight of the leg is
so reduced and the therapist’s lever arm for resistance
application is so short, patients can easily give the impres-
sion of a false Grade 5 yet may struggle with the force
demands of a prosthesis in the real world. The muscular
force available should not be overestimated in predicting
a patient’s functional ability in any circumstances such as
age or disability.

In testing the vertebroscapular muscles (e.g., rhom-
boids), the preferred point of resistance is on the arm
rather than on the scapula where these muscles insert. The
longer lever more closely reflects the functional demands
that incorporate the weight of the arm. Other exceptions
to the general rule of applying distal resistance include a
painful condition to be avoided or a healing wound in a
place where resistance might otherwise be given.

The application of manual resistance should never be
sudden or uneven (jerky). The therapist should apply
resistance with full patient awareness in a somewhat slow
and gradual manner, slightly exceeding the muscle’s
force as it builds over 2-3 seconds to achieve the maximum
tolerable force intensity. Applying resistance that slightly
exceeds the muscle’s force generation will more likely
encourage a maximum effort and an accurate break test.
Ciritical to the accuracy of a manual muscle test is the
location of the resistance and the consistency of applica-
tion across all patients. (The therapist should make a note
of the point of resistance, if a variation is used, to ensure
consistency in testing).

The application of resistance permits an assessment of
muscular strength when it is applied in the direction
opposite the muscular force or torque. The therapist also
should understand that the weight of the limb plus the
influence of gravity is part of test response. When the
muscle contracts in a parallel direction to the line of
gravity, it is noted as “gravity minimal.” It is suggested
that the commonly used term “gravity eliminated” be
avoided because, of course, that can never occur except
in a zero-gravity environment. Thus, weakened muscles
are tested in a plane horizontal to the direction of gravity;
the body part is supported on a smooth, flat surface in
such a way that friction force is minimal (Grades 2, 1,
and 0). A powder board may be used to minimize fric-
tion. For stronger muscles that can complete a full range
of motion in a direction against the pull of gravity (Grade
3), resistance is applied perpendicular to the line of
gravity (Grades 4 and 5). Acceptable variations to anti-
gravity and gravity-minimal positions are discussed in
individual test sections.

CRITERIA FOR ASSIGNING A MUSCLE
TEST GRADE

The grade given on a manual muscle test comprises both
subjective and objective factors. Subjective factors include

the therapist’s impression of the amount of resistance to
give before the actual test and then the amount of resis-
tance the patient actually tolerates during the test. Objec-
tive factors include the ability of the patient to complete
a full range of motion or to hold the position once placed
there, the ability to move the part against gravity, or an
inability to move a part at all. All these factors require
clinical judgment, which makes manual muscle testing
an exquisite skill that requires considerable practice and
experience to master. An accurate test grade is important
not only to establish a functional diagnosis but also to
assess the patient’s longitudinal progress during the
period of recovery and treatment.

The Grade 5 (Normal) Muscle

The wide range of “normal” muscle performance leads
to a considerable underestimation of a muscle’s capabil-
ity. If the therapist has no experience in examining
persons who are free of disease or injury, it is unlikely
that there will be any realistic judgment of what is Grade
5 and how much normality can vary. Generally, a student
learns manual muscle testing by practicing on classmates,
but this provides only minimal experience compared to
what is needed to master the skill. It should be recog-
nized, for example, that the average therapist cannot
“break” knee extension in a reasonably fit young man,
even by doing a handstand on his leg!

The therapist should test “normal” muscles at every
opportunity, especially when testing the contralateral
limb in a patient with a unilateral problem. In almost
every instance when the therapist cannot break the
patient’s hold position when applying maximum resis-
tance, a grade of 5 is assigned. A grade of 5 must be
accompanied by the ability to complete full range of
motion or maintain end-point range against maximal
resistance.

The Grade 4 (Good) Muscle

The grade of 4 represents the true weakness in manual
muscle testing procedures (pun intended). Sharrard
counted remaining alpha motor neurons in the spinal
cords of individuals with poliomyelitis at the time of
autopsy.® He correlated the manual muscle test grades in
the patient’s chart with the number of motor neurons
remaining in the anterior horns. His data revealed that
more than 50% of motor neurons of a muscle group were
gone when the muscle test grade was 4. Thus, when the
muscle could withstand considerable but less than
“normal” resistance, it had already been deprived of at
least half of its innervation.

Grade 4 is used to designate a muscle group that is
able to complete a full range of motion against gravity
but that is not able to hold the test position against
maximum resistance. The Grade 4 muscle “gives” or
“yields” to some extent at the end of its range with
maximal resistance. When maximal resistance clearly
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breaks, irrespective of age or disability, the muscle is
assigned a grade of 4. However, if pain limits the ability
to maximally resist the force applied by the therapist,
evaluation of actual strength may not be realistic and
should be documented as such. An example might be,
“Elbow flexion appeared strong but painful.”

The Grade 3 (Fair) Muscle

The Grade 3 muscle test is based on an objective measure.
The muscle or muscle group can complete a full range
of motion against only the resistance of gravity. If a
tested muscle can move through the full range against
gravity but additional resistance, however mild, causes
the motion to break, the muscle is assigned a grade
of 3.

Sharrard cited a residual autopsy motor neuron count
of 15% in polio-paretic muscles that had been assessed as
Grade 3, meaning that 85% of the innervating neurons
had been destroyed.” These findings suggest that, in
most instances, we markedly overestimate the strength
of muscles even at the Grade 3 level.

Direct force measurements have demonstrated that
the force level of the Grade 3 muscle usually is low, so
that a much greater span of functional loss exists between
Grades 3 and 5 than between Grades 3 and 1. Beasley,
in a study of children ages 10 to 12 years, reported the
Grade 3 in 36 muscle tests as no greater than 40% of
normal (one motion), the rest being 30% or below
normal “strength” with the majority falling between 5%
and 20% of a Grade 5.* A grade of 3 may represent a
functional threshold for many movements tested, indicat-
ing that the muscle or muscles can achieve the minimal
task of moving the part upward against gravity through
its range of motion such as when dressing. Although this
ability is significant for the upper extremity, it falls far
short of the functional requirements of many lower
extremity muscles used in walking, particularly such
groups as the hip abductors and the plantar flexors. The
therapist must be sure that muscles given a grade of 3
are not in the joint “locked” position during the test
(e.g., locked elbow when testing elbow extension).

The Grade 2 (Poor) Muscle

The Grade 2 muscle is one that can complete the full
range of motion in a position that minimizes the force
of gravity. This position often is described as the hori-
zontal plane of motion. Eliminating friction of the testing
surface may be required to assure an accurate strength
assessment. Use of a powder board or other such friction-
eliminating surface is helpful.

The Grade 1 (Trace) Muscle

The Grade 1 muscle means that the therapist can detect
visually or by palpation some contractile activity in one or
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more of the muscles that participate in the movement
being tested (provided that the muscle is superficial
enough to be palpated). The therapist also may be able to
see or feel a tendon pop up or tense as the patient tries to
perform the movement. There is, however, no movement
of the part as a result of this contractile activity.

A Grade 1 muscle can be detected with the patient in
almost any position. When a Grade 1 muscle is sus-
pected, the therapist should passively move the part into
the test position and ask the patient to hold the position
and then relax; this will enable the therapist to palpate
the muscle or tendon, or both, during the patient’s
attempts to contract the muscle and also during relax-
ation. Care should be taken to avoid substitution of
other muscles.

The Grade 0 (Zero) Muscle

The Grade 0 muscle is completely inert on palpation or
visual inspection.

Plus (+) and Minus (—) Grades

Use of a plus (+) or minus (—) addition to a manual
muscle test grade is usually discouraged but there are two
exceptions noted in the next section. Avoiding the use
of plus or minus signs restricts manual muscle test grades
to those that are meaningful, defendable, and reliable.
The use of pluses and minuses adds a level of subjectivity
that lacks reliability.

The Grade 2+ is given when assessing the strength of
the plantar flexors when either of the following two
conditions exist. The first is when the patient, while
weight bearing, can complete a partial heel rise using
correct form (see test for plantar flexion in Chapter 6).
The second condition is when the plantar flexion test is
performed in supine position (not recommended) and
the patient takes maximum resistance and completes full
available range. The 2+ Grade is clearly distinguished
from Grade 2, which indicates that full range is com-
pleted with no resistance. A grade of 3 or better can be
given to the plantar flexors only when the patient is
weight bearing.

The Grade 2— muscle can complete partial range of
motion in the horizontal plane, the gravity-minimized
position. The difference between Grade 2 and Grade 1
muscles represents such a broad functional difference
that a minus sign is important in assessing even minor
improvements in return of function. For example, the
patient with Guillain-Barré syndrome who moves from
muscle Grade 1 to Grade 2— demonstrates a quantum
leap forward in terms of recovery and prognosis.

The Grade 4 (Good) Muscle Revisited

Historically, manual muscle testing has employed two
grading systems, one using numbers (5-0) and the other
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using descriptors (Normal to Zero). Although both
systems convey the same information, the authors favor
the numerical system because it avoids use of the vague
and subjective term “good.” As noted previously, there
is no other term in muscle testing that is more problem-
atic. Too often clinical practitioners, including therapists
and physicians, construe the term in the literal sense,
interpreting “good” to mean totally adequate. The
assumption is that if strength is adequate, then the
patient is not in need of rehabilitation.

However, an abundance of evidence demonstrates
unequivocally that once the therapist discerns that
strength is no longer normal, but “good” instead, the
muscle being tested has already lost approximately half
its strength. Evidence of this has already been presented.’
More recently, Bohannon found that force values for
muscles that were graded as “normal” ranged from 80
to 625 Newtons,’ an astronomical difference, further
demonstrating how difficult it is to distinguish a “good”
muscle from a “normal” muscle.

It is unclear how a grade of “good” became synony-
mous with achievement of a satisfactory end point of
treatment. Certainly, the pressure from third-party payers
to discharge patients as soon as possible does not help
the therapist fulfill the minimum goal of reaching “prior
level of function.” Nonetheless, the opportunity for
patients to recover muscle forces to the fullest extent
possible is a primary goal of an intervention. If this goal
is not met, patients (especially aging individuals) may
lose their independence or find themselves incapable of
returning to a desired sport or activity because their weak
muscles fatigue too quickly. Athletes who have not fully
recovered their strength before returning to a sport are
far more likely to suffer a reinjury, potentially harming
themselves further.

There are numerous examples of instances in which a
“good” muscle cannot meet its functional demands.
When the gluteus medius is “good,” a patient will display
a positive Trendelenburg’s sign. When the soleus is
“good,” heel rise fails to occur during the latter portion
of the stance phase of gait, which reduces gait speed.”
When the abdominals are “good,” there is difficulty sta-
bilizing the pelvis while arising from bed or when sitting
up, and this often results in back pain. “Good” simply is
not good enough.

Repeatedly there is a disconnect between what patients
can functionally accomplish and the manual muscle
strength grade the therapist assigns, particularly in older
adults. By the time a person reaches the age of 80 years,
approximately 50% of their muscle mass and strength is
lost due to natural decline® and yet, how many therapists
assign a manual muscle test grade of “normal” to an
80-year-old, even though the individual’s strength is half
of what it used to be? Functionally, these same older
adults with “normal strength” cannot get out of a chair
without pushing on the arms or ascend stairs without
pulling on the railing. Muscle grades that are inaccurate
based on the patient’s age, gender, and presumed
strength or because the therapist cannot apply adequate
resistance must be avoided.

In summary, a “good” muscle isn’t always “good.”
Everything must be done to ensure accuracy in manual
muscle test grading and to provide the intervention nec-
essary to fully restore strength and function to “normal.”
Substituting the numerical system of 5-0 for the subjec-
tive terms “good” or “normal” in manual muscle testing
assessment is a start in the right direction.

Available Range of Motion

When a contracture or fixed joint limitation (e.g., total
knee replacement) limits joint range of motion, the
patient performs only within the range available. In this
circumstance, the available range is the full range of
motion for that patient at that time, even though it is
not “normal.” This is the range used to assign a muscle
testing grade. For example, the normal knee extension
range is 135° to 0°. A patient with a 20° knee flexion
contracture is tested for knee extension strength at the
end of available range or —20°. If this range (in sitting)
can be completed with maximal resistance, the grade
assigned would be a 5. If the patient cannot complete
that range, the grade assigned MUST be less than 3. The
patient then should be repositioned in the side-lying
position to ascertain the correct grade.

SCREENING TESTS

In the interests of time and cost-efficient care, it is rarely
necessary to perform a muscle test on each muscle of the
body. Two exceptions among several are patients with
Guillain-Barré syndrome and those with incomplete
spinal cord injuries. To screen for muscles that need
definitive testing, the therapist can use a number of
maneuvers to rule out movements that do not need
testing. Observation of the patient before the examina-
tion will provide valuable clues to muscular weakness and
performance deficits. For example, the therapist can do
the following:

e Observe the patient as he or she enters the treatment
area to detect gross abnormalities of gait.

e Observe the patient sit and rise from a chair, fill out
admission or history forms, or remove street
clothing.

e Ask the patient to walk on the toes and then on the
heels.

e Ask the patient to grip the therapist’s hand.

e Perform gross checks of bilateral muscle groups:
reaching toward the floor, overhead, and behind the
back.

If evidence from the above “quick checks” suggests a
deficit in movement, manual muscle testing can quickly
be isolated to the region observed to be weak, in the
interest of time and to optimize the patient’s clinic
visit.

Chapter 1 | Principles of Manual Muscle Testing 5
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PREPARING FOR THE MUSCLE TEST

The therapist and the patient must work in harmony if
the test session is to be successful. This means that some
basic principles and inviolable procedures should be
second nature to the therapist.

1. The patient should be as free as possible from discom-
fort or pain for the duration of each test. It may be
necessary to allow some patients to move or be posi-
tioned differently between tests.

2. The environment for testing should be quiet and
nondistracting. The temperature should be comfort-
able for the partially disrobed patient.

3. The plinth or mat table for testing must be firm to
help stabilize the part being tested. The ideal is a hard
surface, minimally padded or not padded at all. The
hard surface will not allow the trunk or limbs to “sink
in.” Friction of the surface material should be kept to
a minimum. When the patient is reasonably mobile a
plinth is fine, but its width should not be so narrow
that the patient is afraid of falling or sliding off. Some-
times a low mat table is the more practical choice.
The height of the table should be adjustable to
allow the therapist to use proper leverage and body
mechanics.

4. Patient position should be carefully organized so that
position changes in a test sequence are minimized.
The patient’s position must permit adequate stabiliza-
tion of the part or parts being tested by virtue of body
weight or with help provided by the therapist.

6 Chapter 1 | Principles of Manual Muscle Testing

5. All materials needed for the test must be at hand.
This is particularly important when the patient is
anxious for any reason or is too weak to be safely left
unattended.

Materials needed include the following;:

Manual muscle test documentation forms (Figure 1-1)
Pen, pencil, or computer terminal

Pillows, towels, pads, and wedges for positioning
Sheets or other draping linen

Goniometer

Stopwatch

Specific equipment for specific functional tests

Test forms for functional tests

Interpreter (if needed)

Assistance for turning, moving, or stabilizing the
patient

Emergency call system (if no assistant is available)
Reference material

SUMMARY

From the foregoing discussion, it should be clear
that manual muscle testing is an exacting clinical skill.
Practice, practice, and more practice create the experi-
ence essential to building the skill to an acceptable
level of clinical proficiency, to say nothing of clinical
mastery.



LEFT

DOCUMENTATION OF MANUAL MUSCLE EXAMINATION RIGHT

1

Date of Examination Examiner’s Name 1 2 3

NECK

Capital extension

Cervical extension

Combined extension (capital
plus cervical)

Capital flexion

Cervical flexion

Combined flexion (capital
plus cervical)

Combined flexion and rotation
(Sternocleidomastoid)

Cervical rotation

TRUNK

Extension—Lumbar

Extension—Thoracic

Pelvic elevation

Flexion

Rotation

Diaphragm strength

Maximal inspiration less full expiration
(indirect intercostal test) (inches)

Cough (indirect forced expiration)
(F, WF, NF, 0)

UPPER EXTREMITY

Scapular abduction and
upward rotation

Scapular elevation

Scapular adduction

Scapular adduction and down-
ward rotation

Shoulder flexion

Shoulder extension

Shoulder scaption

Shoulder abduction

Shoulder horizontal abduction

Shoulder horizontal adduction

Shoulder external rotation

Shoulder internal rotation

Elbow fiexion

Elbow extension

Forearm supination

Forearm pronation

Wrist flexion

Wrist extension

Finger metacarpophalangeal flexion

Finger proximal interphalangeal flexion

Finger distal interphalangeal flexion

Finger metacarpophalangeal extension

Finger abduction

Finger adduction

Thumb metacarpophalangeal flexion

Thumb interphalangeal flexion

FIGURE 1-1 Documentation of manual muscle examination. F, functional (only slight impairment); WF, weak functional (moderate
impairment); NF, nonfunctional (severe impairment); 0, cough is absent.
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LEFT

MANUAL MUSCLE EXAMINATION - Page 2

RIGHT

Thumb metacarpophalangeal extension
(motion superior to plane of
metacarpals)

Thumb interphalangeal extension

Thumb carpometacarpal abduction
(motion perpendicular to plane
of palm)

Thumb carpometacarpal abduction
and extension (motion parallel to
plane of palm)

Thumb adduction

Thumb opposition

Little finger opposition

LOWER EXTREMITY

Hip flexion

Hip flexion, abduction, and external
rotation with knee flexion
(Sartorius)

Hip extension

Hip extension (Gluteus maximus)

Hip abduction

Hip abduction and flexion

Hip adduction

Hip external rotation

Hip internal rotation

Knee flexion

Knee flexion with leg external rotation

Knee flexion with leg internal rotation

Knee extension

Ankle plantar flexion

Ankle plantar flexion (Soleus)

Foot dorsiflexion and inversion

Foot inversion

Foot eversion with plantar flexion

Foot eversion with dorsiflexion

Great toe metatarsophalangeal flexion

Toe metatarsophalangeal flexion

Great toe interphalangeal flexion

Toe interphalangeal flexion

Great toe metatarsophalangeal extension

Toe metatarsophalangeal extension

Great toe interphalangeal extension

Toe interphalangeal extension

Comments:

Diagnosis

Onset Age

Patient Name

Birth date

last

first middle

ID number

FIGURE 1-1, cont'd
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RELEVANCE AND LIMITATIONS

INTRODUCTION

Manual muscle testing (MMT) is well recognized as the
most common strength testing technique in physical
therapy and other health professions, having first appeared
during the poliomyelitis epidemic in New England before
World War 1. (See “Brief History of Muscle Testing” in
the Introduction). Manual muscle testing serves unique
purposes that can vary according to the setting in which
it is practiced. Although manual muscle testing is an
essential and foundational skill in a therapist’s examina-
tion techniques, it also has its limitations. Appreciating
these limitations and learning how to compensate for
them helps make MMT as relevant today as it was when
first conceptualized in the polio era.

THE EXAMINER AND THE VALUE OF THE
MUSCLE TEST

The knowledge and skill of the examiner determine
the accuracy and defensibility of a manual muscle
test. Specific aspects of these qualities include the
following;:

e Knowledge of the location and anatomical features of
the muscles in a test. In addition to knowing the
muscle attachments, the examiner should be able to
visualize the location of the tendon and its muscle in
relationship to other tendons and muscles and other
structures in the same area (e.g., the tendon of the
extensor carpi radialis longus lies on the radial side of
the tendon of the extensor carpi radialis brevis at the
wrist).

e Knowledge of the direction of muscle fibers and their
“line of pull” in each muscle.

e Knowledge of the function of the participating
muscles (e.g., synergist, prime mover, agonist, and
antagonist).

e Consistent use of a standardized method for each dif-
ferent test.

e Consistent use of proper positioning and stabilization
techniques for each test procedure. Stabilization of the
proximal segment of the joint being tested is achieved
in several ways. These ways include patient position
(via body weight), the use of a firm surface for testing,
patient muscle activation, and manual fixation by the
examiner.

e Ability to identify patterns of substitution in a given
test and how they can be detected based on a knowl-
edge of which other muscles can be substituted for the
one(s) being tested.

e Ability to detect contractile activity during both con-
traction and relaxation, especially in minimally active
muscle.

e Sensitivity to differences in contour and bulk of the
muscles being tested in contrast to the contralateral
side or to normal expectations based on such things
as body size, occupation, or leisure work.

e Awareness of any deviation from normal values for
range of motion and the presence of any joint laxity
or deformity.

e Understanding that the muscle belly must not be
grasped at any time during a manual muscle test except
specifically to assess muscle mass.

e Ability to identify muscles with the same innervation
that will ensure a comprehensive muscle evaluation
and accurate interpretation of test results (because
weakness of one muscle in a myotome should require
examination of all).

e Relating the diagnosis to the sequence and extent of the
test (e.g., the patient with C7 complete tetraplegia will
require definitive muscle testing of the upper extremity
but only confirmatory tests in the lower extremities).

e Ability to modify test procedures when necessary while
not compromising the test result and understanding
the influence of the modification on the result.

e Knowledge of fatigue on the test results, especially
muscles tested late in a long testing session, and a
sensitivity to fatigue in certain diagnostic conditions
such as myasthenia gravis or multiple sclerosis.

e Understanding of the effect of sensory and perceptual
loss on movement.

The examiner also may inadvertently influence the test
results and should be especially alert when testing in the
following situations:

e The patient with open wounds or other conditions
requiring gloves, which may blunt palpation skills.

e The patient who must be evaluated under difficult
conditions such as in an intensive care unit with mul-
tiple tubes and monitors or immediately after surgery,
the patient in traction, the patient for whom turning
is contraindicated, the patient on a ventilator, and the
patient in shackles or restraints.

e The patient cannot assume test positions, such as the
prone position.

e The therapist must avoid the temptation to use short-
cuts or “tricks of the trade” before mastering the basic
procedures lest such shortcuts become an inexact per-
sonal standard. One such pitfall for the novice tester
is to inaccurately assign a muscle grade from one test
position that the patient could not perform success-
fully to a lower grade without actually testing in the
position required for the lower grade.

For example, when testing trunk flexion, a patient just
partially clears the scapula from the surface with the
hands behind the head (the position for the Grade 5
test). The temptation may exist to assign a grade of 4 to
this test, but this may “overrate” the true strength of
trunk flexion unless the patient is actually tested with the
arms across the chest to confirm Grade 4.

The good clinician never ignores a patient’s com-
ments and must be a good listener, not just to the
patient’s questions but also to the words the patient uses
and their meaning. This quality is the first essential of
good communication and is the primary means of
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& Early Kendall Examination

Accuracy in giving examinations depends primarily on the
examiner’s knowledge of the isolated and combined actions
of muscles in individuals with normal muscles as well as in
those with weak or paralyzed muscles.

The fact that muscles act in combination permits substitu-
tion of a strong muscle for a weaker one. For accurate muscle
examinations, no substitutions should be permitted; that is,

the movement described as a test movement should be done
without shifting the body or turning the part to allow other
muscles to perform the movement for the weak or paralyzed
group. The only way to recognize substitution is to know
normal function, and realize the ease with which a normal
muscle performs the exact test movement.

KENDALL HO, KENDALL FP

Office; 1939: 26.

From Care During the Recovery Period in Paralytic Poliomyelitis. Public Health Bulletin No. 242. Washington, DC: U.S. Government Printing

encouraging understanding and respect between thera-
pist and patient. The patient is the best guide to a suc-
cesstul muscle test.

INFLUENCE OF THE PATIENT
ON THE TEST

The intrusion of a living, breathing, feeling person into
the testing situation may distort scoring for the unwary
examiner. The following circumstances should be
recognized:

e There may be variation in the assessment of the true
effort expended by a patient in a given test (reflecting
the patient’s desire to do well or to seem more impaired
than is actually the case).

e The patient’s willingness to endure discomfort or pain
may vary (e.g., the stoic, the complainer, the high
competitor).

e The patient’s ability to understand the test require-
ments may be limited in some cases because of com-
prehension and language barriers.

e The motor skills required for the test may be beyond
those possessed by some patients, making it impossible
for them to perform as requested.

e Lassitude and depression may cause the patient to be
indifferent to the test and the examiner.

e Cultural, social, and gender issues may be associated
with palpation and exposure of a body part for testing.

e The size and noncompatibility between big and small
muscles can cause considerable differences in grading,
though not an individual variation (e.g., the gluteus
medius versus a finger extensor). There is a huge vari-
ability in maximum torque between such muscles, and
the examiner must use care not to assign a grade that
is inconsistent with muscle size and architecture.

USE OF MANUAL MUSCLE TESTING IN
VARIOUS CLINICAL SETTINGS

Manual muscle testing is used in many different types of
health care settings. In this section, we will discuss some

of the more common applications of MMT in various
clinical and therapeutic settings, with emphasis on the
specific challenges often seen in each. The reader should
be aware that the examples provided here are not limited
to these settings only.

Acute Care Facilities

Often patients seen in acute care facilities are either
acutely ill or are postoperative patients. In the acutely ill
patient, manual muscle testing may be used to assess the
patient’s mobility status in order to inform a discharge
plan. A manual strength exam performed as part of a
general assessment may provide information concerning
the amount of assistance the patient requires and whether
the patient will need an assistive device. Assessing the
patient’s strength to help ensure safe transfers from bed
to chair, to a standing position, or on and off the toilet
is an essential part of the acute-care patient management
process. A strength assessment may also inform the ther-
apist of the patient’s ability to follow directions and/or
to verbalize concerns such as following a stroke or in the
presence of delirium or other cognitive loss.'”?

Strength assessment may also indicate the presence of
pain before full-body movements such as transfers.
Strength assessment could take the form of active move-
ment followed by resistance, such as in a manual muscle
test or in a 10-repetition maximum such as in a seated
shoulder dip.

Strength assessment in the postoperative patient
informs the therapist of the integrity of the patient’s
nervous system. The therapist may be the first person
requiring the patient to move actively after surgery, and
thus may be the first one to observe the patient’s ability
to contract a muscle. Although this scenario is rare,
clearly the consequences of assuming an attitude of “all
is well” and finding out during a transfer that the patient
cannot use part of an extremity would have avoidable
consequences. Strength testing in this scenario might
take the form of isometric contractions, especially if there
are contraindications to joint movement, suspected
postsurgical pain as in a newly repaired fractured hip, or
in restricted range of motion such as in a total hip
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arthroplasty. If testing is done in a manner that differs
from the published directions, documentation should
describe how the test was performed. For example, if
isometric testing was done at the hip because the
patient was not permitted to move the hip through full
range after a hip arthroplasty, the therapist should
document the test accordingly: “Patient’s strength at
the hip appeared to be under volitional control, but
pain and postsurgical precautions prevented thorough
assessment.”

Key movements that should be assessed for viability and
for the strength necessary to perform transfers or gait
include elbow extension, grip, shoulder depression, knee
extension, hip abduction, ankle plantar, and dorsiflexion.
Functional tests that might be useful in assessing the
patient include gait speed, chair stand, timed transfer, or
the timed up-and-go test (see Chapter 9).

Special considerations for the acute care setting may
include the patient’s rapid fluctuations in response to
medications, illness, or pain. Reassessment may be neces-
sary when any changes in strength are documented along
with therapist’s insights into why the changes are occur-
ring. Clearly, strength gains are not possible in the short
time a typical patient is in acute care, but rather should
be attributed to increased confidence in moving, less
pain, better understanding of the movement to be per-
formed, motor learning, and so forth.

Acute Rehabilitation Facilities

Strength assessment in the acute rehabilitation setting
may be performed as a baseline assessment to determine
progress over time and to identify key impairments that
affect the patient’s mobility-related and other functional
goals. Knowledge of community-based norms for mobil-
ity such as chair stands, distance walked, stair climbing
speed, floor transfer ability, and gait speed will inform
the therapist’s clinical decision-making. (See Chapter 9
for a more complete description of these tests.) A stan-
dard manual muscle testand /ora 10-repetition maximum
(10-RM) strength assessment are other methods used to
assess relevant strength abilities.

As in the acute care setting, assessment of strength for
mobility tasks is critical in the acute rehabilitation setting.
Recognition of key muscle groups in specific mobility

Box 2-1

Diagnostic criteria for frailty include the presence of
three or more of the following:*'°

1. Unintentional weight loss (>10 lb in past year)

2. General feeling of exhaustion on 3 or more days/
week (self-report)

3. Weakness (grip strength in lowest 20%; <23 1b for
women; <32 b for men)

Diagnostic Criteria

tasks, such as the plantar-flexors in gait speed, is key to
informed clinical decision-making.

Special considerations for the acute rehabilitation
setting often include rapid change over a short period.
Positive changes may be attributed to increased comfort
and less pain, less apprehension, neuroplasticity, and a
change in medications. Negative changes may be attrib-
uted to a decline in medical status, pain, or depression,
for example. Muscle fatigue resulting from poor fitness
and excessive sedentary behavior or general body fatigue
related to frailty or post—acute care implications may
affect the perception of strength. The patient may not
be able to assume a proper test position because of post-
surgical restrictions or a lack of range of motion, requir-
ing the therapist to do a strength-screen rather than a
strength test. This screen cannot serve as an accurate
baseline because of the lack of standardization. Func-
tional testing may be more informative and accurate in
these situations. The therapist should take special care to
document any deviations from the standardized manual
muscle test.

Long-term Care Facilities

Strength testing and assessment approaches used in long-
term care settings are similar to those used in acute
rehabilitation. Strength assessment can serve as a baseline
to identify key impairments that impact a patient’s fall-
risk, mobility, and other functional goals as well as to
determine the patient’s progress over time. Strength
screening can be part of a required annual assessment
for long-term residents. Strength in the form of a
chair-stand test or grip strength is a key component
of the diagnosis of frailty and therefore can inform
prognosis.®

Frailty is a common geriatric syndrome, characterized
by decreased reserve and increased vulnerability to
adverse outcomes including falls, hospitalization, institu-
tionalization, and death.* The majority of residents in
long-term care are considered frail.” Lack of strength is
a significant cause of frailty and serves as a diagnostic
criterion. Box 2-1 lists the diagnostic criteria for frailty.
Based on these criteria, strength assessment and func-
tional testing can be valuable in the intervention of
nursing home residents.*

for Frailty

4. Slow walking speed (lowest 20% = <0.8 m/s)

5. Low levels of physical activity (in kcal /week lowest
20%; = 270 kcal /week for women; 383 kcal /week
for men—equivalent to sitting quietly and /or lying
down for the vast majority of the day)

The presence of one or two of these characteristics
indicates prefrailty.
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Although a natural consequence of aging is a gradual
loss of strength and power, it should not be assumed
that older adults are functionally weaker than younger
adults.®® Because manual muscle testing has a ceiling
effect, the therapist should not have lower expectations
or overestimate strength in frail older adults. Criteria for
grading vemain the same for people of all ages and condi-
tions. Because the ceiling effect of a manual muscle test
can be so profound, especially in regard to function,
functional testing is a better option for strength testing
and assessment in the long-term care setting.” Commu-
nity criterion reference values exist that guide the long-
term care therapist in establishing appropriate goals and
expectations (Box 2-2). Older adults might be better
served with strength training options such as a leg press
or latissimus pull down rather than the cuft weights or a
recumbent cross-trainer such as NuStep so often seen in
long-term care settings. The reader is referred to Chapter
8 for strength measurement options.

The Home Health Setting

Strength testing and assessment of home health patients
for the purpose of comparison with community-based
norms and for identification of impairments related to
function are the primary purposes of manual muscle
testing and alternative strength-testing methods in the
home health setting. Returning a patient to community-
based mobility may prevent frailty and increase the
patient’s quality of life. Lower-extremity strength is a
primary component of these goals. Box 2-2 lists com-
munity mobility requirements that can be used as
outcome goals for home health patients and serve to
guide strength testing. Additionally, for a homebound
patient to receive home health services, the Centers for
Medicare and Medicaid Services require patients to dem-
onstrate “considerable and taxing effort in leaving the
home,” a criterion that has strength implications."

Outpatient Clinics
Strength testing and assessment in outpatient clinics pro-

vide essential information such as the: (1) origin of
the patient’s pain, (2) quality of the contraction, (3)

symmetry between sides and between the primary mover
(agonist) and opposing muscles (antagonist), and (4)
weakness within a kinetic chain (body segments linked by
a series of joints)."® This information aids in making a
diagnosis. It can also provide a baseline assessment for
changes over time such as in the case of sciatica-induced
weakness.'® Challenges of manual muscle testing in the
outpatient setting can include the presence of pain that
prohibits a full, voluntary contraction and limitations of
range of motion such as with retraction and upward rota-
tion of the scapula at the shoulder. Although a weak and
painful or strong and painful contraction can be diagnos-
tic criteria, it can preclude the assessment of quantitative
strength.'” The ceiling effect of manual muscle testing
often prevents an accurate assessment of strength quan-
tity. Therefore, we recommend that quantitative strength
be assessed through a 1-RM or 10-RM strength assess-
ment when pain permits (see Chapter 8). It is useful to
assess the noninvolved side to ascertain asymmetry.
Careful differentiation is required to use strength
assessment and testing for diagnostic (as opposed to quan-
tification) purposes. For example, the Cyriax method (see
Chapter 8) of maintaining the joint in a neutral, relaxed
position while assessing the muscle’s contraction in various
directions can reveal the presence of a contractile lesion if
pain is produced during a contraction, while keeping
noncontractile (e.g., connective tissues) elements on
slack.'” Alternatively, if the contraction is not painful while
the joint is in a neutral position, an inert lesion, such as a
bone spur or capsular inflammation, may be implicated.
The presence of pain, joint restriction, or muscle tight-
ness may prevent the patient from assuming the correct
testing position for accurate assessment of muscle testing.
While this text advocates testing the muscle in a pain-free
position, substitution patterns are more difficult to
discern; thus specific muscle strength quantification may
not be possible. However, the therapist can document
asymmetrical differences, points in the range where pain
exists or does not exist, and the nature of the pain that
aid the therapist in making an accurate diagnosis.
Another challenge for therapists in outpatient settings
is the variety of patients seen in a given day. For example,
a therapist may see a college or professional athlete in the
same afternoon as a frail older adult. Careful discernment
of appropriate strength testing is critical to avoid over or
underestimation of strength limitations. Using alternative

Box 2-2 Community Mobility Requirements

To be considered mobile, an individual should be
able to:

Walk 300 m minimum per errand'?

Run multiple errands during one trip outside the
home"?

Carry a package weighing 7.5 1b'"?

Change direction while walking'*

Step onto and off of a curb without support

Achieve a gait speed of >0.8 m/s

Make postural transitions including stooping, lifting,
reaching, and reorientation of head—independent
of change in direction

Climb stairs

Navigate slopes and uneven surfaces

Step over objects
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muscle strength assessments as described in Chapters 8
and 9 may be useful.

Wellness Clinics

Muscle screening provides feedback to participants
regarding their abilities relative to age-matched norma-
tive samples that may impact functional abilities such as
gait speed and chair stands. Although individual manual
muscle testing is not routinely done as part of a wellness
screening, functional movements such as floor transfers,
30-second sit to stands, or hand grip tests are useful to
ascertain individual fitness levels and risk of disability. *'°
The information gleaned from a wellness assessment may
indicate the need for an individualized physical therapy
assessment of strength.'®"

Summary

Manual muscle testing has utility in all clinical settings.
It is incumbent on the therapist, however, to judiciously
use manual muscle testing when and if appropriate and
to choose alternative forms of testing (e.g., functional
and instrumented tests) when the information obtained
from manual muscle testing is inadequate.

Even though muscle testing has tremendous value,
there are situations in which it is not particularly informa-
tive, nor even accurate. Some of the clinical scenarios in
which muscle testing is not optimal have already been
discussed (for example, in the presence of pain), but
more detail will be presented in the next section.

LIMITATIONS OF MANUAL
MUSCLE TESTING

Manual muscle testing has significant limitations. When
it was first developed, the majority of patients seen by
physical therapists were patients with polio. Today’s
patient population has changed enormously and thera-
pists now see hundreds of patient types ranging in age
from infancy to 100-plus years. Muscle examination has
changed concomitantly to more accurately reflect the
needs of clients, and manual muscle testing is only one
approach among many. Each form of testing has its
advantages and disadvantages, as will be noted in this
chapter and elsewhere in this book. The major limita-
tions of manual testing are discussed in the following
section.

Population Variation

Many articles that report manual muscle testing results
are based on studies of normal adults or specific subpopu-
lations such as athletes, sedentary, and aged adults. Chil-
dren occupy a separate category. Additionally, results of

muscle testing values are reported in individuals with a
wide variety of pathologies including Parkinson’s disease,
cerebral palsy, and muscular dystrophy. Because of this
wide variation, it is necessary to modify grading proce-
dures but not testing technique. Thus, test grades are
not consistent from one patient population to another.
Some testers also erroneously believe that the assigned
grade should be modified based on age or ability, which
should not be the case. Rather, manual muscle testing
interpretation requires knowledge of the strength require-
ments of the task.

Objectivity

Manual muscle testing, as originally described, sufters
from a lack of objectivity, when objectivity is defined as
a test not dependent primarily on the judgment of the
examiner.””?! Tt is described in terms of an ordinal scale
using terms such as Good and Fair, further reducing its
objectivity.

Validity and Reliability

Reliability in manual muscle testing varies considerably
according to the muscle tested, the experience of the
examiner, the age of the patient, and the particular condi-
tion being tested. For example, in a study of 102 boys
ages 5 tol5 years with Duchenne’s muscular dystrophy,
intra-rater reliability ranged from 0.65 to .93 with the
proximal muscles having the higher reliability values.”
The muscles with gravity minimized also had higher
reliability values. In another study of physical therapists
comparing manual muscle testing to hand-held muscle
dynamometry in 11 patients, reliability was high and dif-
ferentiated between grades at all levels.”® Frese and col-
leagues performed a reliability study among therapists on
the middle trapezius and gluteus medius muscles and
found 28% to 45% agreement for the same grade and 89%
to 92% agreement within one grade.”* They found the
reliability to be poor, as measured by Cohen’s weighted
Kappa. In muscles with grades below 3 (Fair) reliability
declines.”*?” Reliability also decreases in the muscles of
the lower extremity.””

Clearly, the reliability of manual muscle testing is of
concern, and yet it remains an important screening and
diagnostic tool. Therapists, especially novices, must be
cautious about their test procedures and make vigorous
attempts to standardize their methods. Reliability is
increased by adhering to the same procedure for each
test (for one or several examiners), by providing clear
instructions to the subject, and by having a quiet and
comfortable environment for the test. To further enhance
the reliability of the manual muscle test, the following
.28-30

steps should be taken:

e Proper positioning so the test muscle is the prime
mover
e Adequate stabilization of regional anatomy
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e Observation of the manner in which the patient or
subject assumes and maintains the test position

e Consistent timing, pressure, and position

e Avoidance of preconceived impressions regarding the
test outcome

e Nonpainful contacts—nonpainful execution of the test

Sensitivity

Manual muscle testing also lacks sensitivity. Years ago,
Beasley reported that patients with various neurological
disorders who had Grade 4 (Good) knee extension force
were only about 43% of normal, rather than the tradi-
tionally defined 75% of normal.”® The Fair (3) group
actually had force generation that was only 9% of Normal,
rather than 50% of Normal usually assigned with MMT.*®
Similar sensitivity was reported for detecting muscle
force deficits relative to normal.*

Because manual muscle testing as originally described
is subjective, the historical and conventional acceptability
for reliability is that among examiners and in successive
tests with the same examiner, the results should be within
one-half of a grade (or within a plus or minus of the base
grade).” Others maintain that within the same grade
is acceptable, pluses and minuses notwithstanding.*
However, even if this historical convention is used, thera-
pists are unreliable in differentiating between the grades
of 4 (Good) and 5 (Normal).”*¢

Diagnostic Validity

Manual muscle testing is useful in the assessment of
weakness of muscles directly involved with pain, injury
and neuromusculoskeletal disorders.”® In a study to
detect differences between sides using manual muscle
testing, sensitivity ranged from 62.9 to 72.3%, increasing
with more pronounced strength differences.?

Ceiling Effect

Manual muscle testing has wide variability in the range
of forces reported for a given grade, especially in the
upper range of the scale, further reducing its sensitivity.
For example, in a subset of 4 studies, men with a manual
muscle testing grade of 5 (Normal, by a negative break
test) for knee extension and tested with hand-held muscle
dynamometry concurrently demonstrated values of 85.4
to 650.0 Newtons.” Additionally, the four studies ana-
lyzed represented all settings with a variety of patient
types. The Grade 5 (Normal) represented 86% of the
range of measureable forces. Bohannon reports that knee
extension forces of more than 800 Newtons are not
unusual for young men.*® Thus, manual muscle testing
suffers from a profound ceiling effect. Many patients may
be classified as having Grade 5 (Normal) strength when
they may have strength deficits only appreciated through
more objective means. This ceiling effect may mask

changes in strength that have functional and prognostic
consequences. Thus, it is not recommended that manual
muscle testing be used as a measure of progress over the
grade of 3 (Fair).

Another concern of the applicability of manual muscle
testing is its lack of accuracy to identity impairments
related to function, secondary to the curvilinear relation-
ship. The curvilinear relationship suggests that above a
relative threshold, strength gains are not as apparent,
because the threshold for a functional task has been
exceeded. Traditional manual muscle testing may not
reflect the amount of strength needed to perform func-
tional tasks such as getting up from the floor or throwing
a baseball. When a basic manual muscle test screen reveals
test grades that are above Grade 3 and in particular,
where there are side-to-side differences, the therapist
should rely on instrumented or functional testing to
further clarify deficiencies and to differentiate between
Grades 4 and 5 (see Chapters 8 and 9).

Tester Strength

A break test in manual muscle testing requires the tester
to exert greater force than the patient in any given
muscle. When testing a very strong individual, such as a
weight-lifter or football player, a great amount of force
on the part of the tester is required. Women traditionally
have less upper body strength than men, and differences
have been recorded in manual muscle testing forces
between female and male testers, leading to an underes-
timation of the patient’s quadriceps strength.”**! For
example, Beasley found in a sample of female therapists
testing the quadriceps in patients with polio that of those
graded a 5, the mean force was only 53% of normal
subjects.”® Examiner strength has been found to limit
testing accuracy of hand-held dynamometry, an objective
measure of the force generated in manual muscle
testing.?**?** Mulroy and colleagues also found that
female therapists overgraded the strength of the quadri-
ceps in 14 of 19 patients, in part because of greater
patient strength.*’ Male therapists assigned too high a
grade in 2 of 19 patients.’’ Tester strength seems to be
a factor in hand-held dynamometry when the subject’s
muscle strength exceeds 120 Newtons.™

Summary

Manual muscle testing appears to be both reliable and
valid in the presence of profound weakness such as that
seen in neuromuscular diseases. However, when used in
individuals with near normal levels of strength, it is rec-
ommended that manual muscle testing be used as a
screening tool that informs alternative forms of strength
testing such as those described in Chapters 8 and 9.
There does not seem to be evidence for the use of
manual muscle testing to measure progress such as in
strengthening activities, particularly for Grade 3 and
above.
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\ Testing the Muscles
of the Neck

Capital Extension Combined Cervical

, , Flexion
Cervical Extension

Combined Neck
Extension

Combined Flexion to
Isolate a Single
Sternocleidomastoid

Capital flexion Cervical Rotation

Cervical Flexion

Note: This section of the book on testing the neck muscles is divided into
tests for capital and cervical extension and flexion and their combination.
This distinction was first described by Perry and Nickel as a necessary and
cffective way of managing nuchal weakness or paralysis." All muscles acting
on the head are inserted on the skull. Those muscles that lie behind the
coronal midline are termed capital extensors. Motion is centered at the
atlanto-occipital and atlantoaxial joints.>?




CAPITAL EXTENSION

Splenius
capitis

Semispinalis
capitis

Rectus capitis posterior minor

C2

Obliquus capitis
superior

Rectus capitis
posterior major

Obliquus capitis
inferior

Longissimus C3
c5 capitis

C4

C5

<«—— Suboccipital nerve (n.)

C1  To: Rectus capitis posterior major
Rectus capitis posterior minor
Obliquus capitis superior
Obliquus capitis inferior

Greater occipital n.

To: Semispinalis capitis
Longissimus capitis
Splenius capitis
Spinalis capitis

Other capital extensors
receive innervation from
C3 down as faras T1

FIGURE 3-2

Range of Motion

POSTERIOR
FIGURE 3-1 0° fo 25°
Table 3-1 CAPITAL EXTENSION
I.D. Muscle Origin Insertion
56 Rectus capitis posterior AXis (spinous process) Occiput (inferior nuchal line
major laterally)
57 Rectus capitis posterior Atlas (tubercle of posterior arch) Occiput (inferior nuchal line
minor medially)
60 Longissimus capitis T1-TS vertebrae (fransverse Temporal bone (mastoid process,
processes) posterior surface)
C4-C7 vertebrae (articular processes)
58 Obliquus capitis superior Atlas (fransverse process) Occiput (between superior and
inferior nuchal lines)
59 Obliquus capitis inferior Axis (lamina and spinous process) Atlas (fransverse process, inferior-
posterior surface)
61 Splenius capitis Ligamentum nuchaoe Temporal bone (mastoid process)
C7-T4 vertebrae (spinous processes) Occiput (below superior nuchal
line)
62 Semispinalis capitis (distinct  C7-T6 vertebrae (fransverse Occiput (between superior and
medial part often processes) inferior nuchal lines)
named Spinalis capitis) C4-Cé6 vertebrae (articular processes)
124 Trapezius (upper) Occiput (external protuberance and  Clavicle (posterior border of
superior nuchal line, middle 1/3) lateral 1/3)
C7 (spinous process)
Ligamentum nuchaoe
63 Spinalis capitis Medial part of Semispinalis capitis, Occiput (between superior and
usually blended inseparably inferior nuchal lines)
Other
83 Sternocleidomastoid
(posterior)
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CAPITAL EXTENSION

Grade 5 (Normal) and Grade 4 (Good)

Position of Patient: Prone with head off end of table.
Arms at sides.

Position of Therapist: Standing at side of patient next
to the head. One hand provides resistance over the
occiput (Figure 3-3). The other hand is placed beneath
the overhanging head, prepared to support the head
should it give way with resistance, which is applied
directly opposite to the movement of the head.

Test: Patient extends head by tilting chin upward in a
nodding motion. (Cervical spine is not extended.)

Instructions to Patient: “Look at the wall. Hold it.
Don’t let me tilt your head down.”

Grading

Grade 5 (Novmal): Patient completes available range of
motion without substituting cervical extension. Tolerates
maximum resistance. (This is a strong muscle group.)

Grade 4 (Good): Patient completes available range of
motion without substituting cervical extension. Tolerates
strong to moderate resistance.

FIGURE 3-3

Grade 3 (Fair)

Position of Patient: Prone with head off end of table
and supported by therapist. Arms at sides.

Position of Therapist: Standing at side of patient’s
head. One hand should remain under the head to
catch it should the muscles fail to hold position (Figure
3-4).

Instructions to Patient: “Look at the wall.”

Test: Patient completes available range of motion with
no resistance.

FIGURE 3-4
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CAPITAL EXTENSION

Grade 2 (Poor), Grade 1 (Trace), and Grade 0 (Zero)

Position of Patient: Supine with head on table. Arms
at sides. Note: The gravity minimized position (side-
lying) is not recommended for any of the tests of the
neck for grades 2 (Poor) and below because test artifacts
are created by the therapist in attempting to support the
head without providing assistance to the motion.

Position of Therapist: Standing at end of table facing
patient. Head is supported with two hands under the
occiput. Fingers should be placed just at the base of the
occiput lateral to the vertebral column to attempt to
palpate the capital extensors (Figure 3-5). Head may be
slightly lifted off table to reduce friction.

Test: Patient attempts to look back toward therapist
without lifting the head from the table.

Instructions to Patient: “Tilt your chin up,” OR
“Look back at me. Don’t lift your head.”

Grading

Grade 2 (Poor): Patient completes limited range of
motion.

Grade 1 (Trace) and Grade 0 (Zevo): Palpation of the
capital extensors at the base of the occiput just lateral
to the spine may be difficult; the splenius capitis lies
most lateral and the recti lie just next to the spinous
process.

FIGURE 3-5

® (linicians are reminded that the head is a very heavy
object suspended on thin support. Whenever testing
with the patient’s head off the table, extreme caution
should be used for the patient’s safety, especially in
the presence of suspected or known neck or trunk
weakness. Always place a hand under the head to
catch it should the muscles give way.

® Significant weakness of the capital extensor muscles
combined with laryngeal and pharyngeal weakness
can result in a nonpatent airway. There also may be

22 Chapter 3 | Testing the Muscles of the Neck

inability to swallow. Both of these problems occur
because the loss of capital extensors leaves the capital
flexors unopposed, and the resultant head position
favors the chin tucked on the chest, especially in
the supine position." This problem is not limited to
patients with severe polio paralysis; it is also evident
in patients with severe rheumatoid arthritis. Patients
with chronic forward head posture also commonly
have weak cervical extensors.



CERVICAL FLEXION

FLEXION
AND EXTENSION
OF THE
HEAD AND NECK

COMBINED FLEXION
(CAPITAL AND CERVICAL)

COMBINED EXTENSION
(CAPITAL AND CERVICAL)

PLATE 1
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CERVICAL EXTENSION

Splenius
cervicis Semispinalis
cervicis
Longissimus
b cervicis

lliocostalis A c7 : Semispinalis

(C2-T5)
\ — T1
\ Splenius
cervicis
(C4-C8)
Rib 3 / 5 Longissimus
I cervicis
N (C3-T3)
lliocostalis
cervicis
(C4-T3)
INNERVATION
POSTERIOR FIGURE 3-7
FIGURE 3-6

Table 3-2 CERVICAL EXTENSION

Range of Motion

0° to less than 30°

1.D. Muscle Origin Insertion
64 Longissimus cervicis T1-T5 vertebrae (fransverse processes) C2-C6 vertebrae (fransverse
variable processes)
65 Semispinalis cervicis T1-T5 vertebrae (tfransverse processes) Axis (C2)-C5 vertebrae (spinous
processes)
66 lliocostalis cervicis Ribs 3-6 (angles) C4-C6 vertebrae (fransverse
processes, posterior fubercles)
67 Splenius cervicis (may T3-T6 vertebrae (spinous processes) C1-C3 vertebrae (fransverse
be absent or variable) processes)
124 Trapezius (upper) Occiput (protuberance and superior Clavicle (posterior border of
nuchal line, middle 1/3) lateral 1/3)
C7 (spinous process)
Ligamentum nuchae T1-T12 vertebroe
occasionally
68 Spinalis cervicis (often C7 and often Cé6 vertebrae (spinous Axis (spinous process)
absent) processes) C2-C3 vertebrae (spinous
Ligamentum nuchae processes)
T1-T2 vertebrae occasionally
Others
69 Interspinales cervicis
70 Intertransversarii cervicis
71 Rotatores cervicis
94 Multifidi
127 Levator scapulae
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CERVICAL EXTENSION

The cervical extensor muscles are limited to those that
act only on the cervical spine with motion centered in
the lower cervical spine.”?

Grade 5 (Normal) and Grade 4 (Good)

Position of Patient: Prone with head off end of table.
Arms at sides.

Position of Therapist: Standing next to patient’s head.
One hand is placed over the parieto-occipital area for
resistance (Figure 3-8). The other hand is placed below
the chin, ready to catch the head if it gives way suddenly
during resistance.

Test: Patient extends neck without tilting chin.

Instructions to Patient: “Push up on my hand but
keep looking at the floor. Hold it. Don’t let me push it
down.”

Grading

Grade 5 (Normal): Patient completes full range of
motion and holds against maximum resistance. Therapist
must use clinical caution because these muscles are not
strong, and their maximum effort will not tolerate much
resistance.

Grade 4 (Good): Patient completes full range of motion
against moderate resistance.

FIGURE 3-8

Grade 3 (Fair)

Position of Patient: Prone with head off end of table.
Arms at sides.

Position of Therapist: Standing next to patient’s head
with one hand supporting (or ready to support) the
forehead (Figure 3-9).

Test: Patient extends neck without looking up or tilting
chin.

Instructions to Patient: “Lift your forehead from my
hand and keep looking at the floor.”

Grading

Grade 3 (Fair): Patient completes range of motion but
takes no resistance.

FIGURE 3-9
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CERVICAL EXTENSION

Alternate Test for Grade 3: This test should be used
if there is known or suspected trunk extensor weakness.
The therapist should always have an assistant participate
to provide protective guarding under the patient’s fore-
head. This test is identical to the preceding Grade 3 test
except that stabilization is provided by the therapist if
needed to accommodate trunk weakness. Stabilization is
provided to the upper back by the forearm placed over
the upper back with the hand cupped over the shoulder
(Figure 3-10).

FIGURE 3-10
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Grade 2 (Poor), Grade 1 (Trace), and
Grade 0 (Zero)

Position of Patient: Supine with head fully supported
by table. Arms at sides.

Position of Therapist: Standing at head end of table
facing the patient. Both hands are placed under the head.
Fingers are distal to the occiput at the level of the cervical
vertebrae for palpation (Figure 3-11).

Test: Patient attempts to extend neck into table.

Instructions to Patient: “Try to push your head down
into my hands.”

Grading

Grade 2 (Poor): Patient moves through small range of
neck extension by pushing into therapist’s hands.

Grade 1 (Trace): Contractile activity palpated in cervical
€Xtensors.

Grade 0 (Zero): No palpable muscle activity.

FIGURE 3-11



COMBINED NECK EXTENSION

Grade 5 (Normal) and Grade 4 (Good)

Position of Patient: Prone with head off end of table.
Arms at sides.

Position of Therapist: Standing next to patient’s head.
One hand is placed over the parieto-occipital area to
give resistance, which is directed both down and
forward (Figure 3-12). The other hand is below the
chin ready to catch the head if muscles give way during
resistance.

Test: Patient extends head and neck through available
range of motion by lifting head and looking up.

Instructions to Patient: “Lift your head and look
at the ceiling. Hold it. Don’t let me push your head
down.”

Grading

Grade 5 (Normal): Patient completes available range of
motion against maximum resistance.

Grade 4 (Good): Patient completes available range of
motion against moderate resistance.

FIGURE 3-12

(Capital plus Cervical)

Range of Motion

0° to 45°

Grade 3 (Fair)

Position of Patient: Patient prone with head off end of
table. Arms at sides.

Position of Therapist: Standing next to patient’s head.

Test: Patient extends head and neck by raising head and
looking up (Figure 3-13).

Instructions to Patient: “Raise your head from my
hand and look up to the ceiling.”

FIGURE 3-13
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COMBINED NECK EXTENSION

(Capital plus Cervical)

Grading

Grade 3 (Fair): Patient completes available range of
motion without resistance except that of gravity.

Alternate Test for Grade 3: This test is used when
the patient has trunk or hip extensor weakness. The
test is identical to the previous test except that stabiliza-
tion of the upper back is provided by the therapist
(Figure 3-14).

FIGURE 3-14

Extensor muscles on the right (or left) may be tested
by having the patient rotate the head to the right
(or left) and extend the head and neck.
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Grade 2 (Poor), Grade 1 (Trace), and
Grade 0 (Zero)

Position of Patient: Patient prone with head fully sup-
ported on table. Arms at sides.

Position of Therapist: Standing next to patient’s upper
trunk. Both hands on cervical region and base of occiput
for palpation.

Test: Patient attempts to raise head and look up.

Instructions to Patient: “Try to raise your head off the
table and look at the ceiling.”

Grading

Grade 2 (Poor): Patient moves through partial range of
motion.

Grade 1 (Trace): Palpable contractile activity in both
capital and cervical extensor muscles, but no

movement.

Grade 0 (Zero): No palpable activity in muscles.



CAPITAL FLEXION

Rectus capitis
lateralis /;
P

&
o
- 3

Rectus capitis
anterior

Longus
capitis

ANTERIOR

FIGURE 3-15

Table 3-3 CAPITAL FLEXION

To: Rectus capitis

lateralis ——

C1 <——To: Rectus capitis anterior

<—To: Longus capitis

To: Rectus capitis
c2 e anterior and lateralis

‘&To: Longus capitis

\

To: Longus capitis

FIGURE 3-16

Range of Motion

0° to 10°-15°

1.D. Muscle Origin Insertion

72 Rectus capitis anterior  Atlas (C1) fransverse process Occiput (basilar part, inferior surface)
and lateral mass

73 Rectus capitis lateralis  Atlas (fransverse process) Occiput (jugular process)

74 Longus capitis C3-C6 vertebrae (fransverse Occiput (basilar part, inferior surface)
processes, anterior tubercles)

Others

Suprahyoids

75 Mylohyoid

76 Stylohyoid

77 Geniohyoid

78 Digastric
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CAPITAL FLEXION

All muscles that act on the head are inserted on the skull.
Those that are anterior to the coronal midline are termed
capital flexors. Their center of motion is in the atlanto-
occipital or atlantoaxial joints.>?

Starting Position of Patient: In all capital, cervical, and
combined flexion tests, patient is supine with head sup-
ported on table and arms at sides (Figure 3-17). See
Position of Patient and Helpful Hints (page 22).

Grade 5 (Normal) and Grade 4 (Good)

Position of Patient: Supine with head on table. Arms
at sides.

Position of Therapist: Standing at head of table facing
patient. Both hands are cupped under the mandible to
give resistance in an upward and backward direction
(Figure 3-18).

Test: Patient tucks chin into neck without raising head
from table. No motion should occur at the cervical spine.
This is the downward motion of nodding.

Instructions to Patient: “Tuck your chin. Don’t lift
your head from the table. Hold it. Don’t let me lift up
your chin.”

Grading

Grade 5 (Novmal): Patient completes available range of
motion against maximum resistance. These are very
strong muscles.

Grade 4 (Good): Patient completes available range of
motion against moderate resistance.

FIGURE 3-17
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FIGURE 3-18



CAPITAL FLEXION

Grade 3 (Fair)

Position of Patient: Supine with head supported on
table. Arms at sides.

Position of Therapist: Standing at head of table facing
patient.

Test: Patient tucks chin without lifting head from table
(Figure 3-19).

Instructions to Patient: “Tuck your chin into your
neck. Do not raise your head from the table.”

Grading

Grade 3 (Fair): Patient completes available range of
motion with no resistance.

FIGURE 3-19

Grade 2 (Poor), Grade 1 (Trace), and
Grade 0 (Zero)

Position of Patient: Supine with head supported on
table. Arms at sides.

Position of Therapist: Standing at head of table facing
patient.

Test: Patient attempts to tuck chin (Figure 3-20).

Instructions to Patient: “Try to tuck your chin into
your neck.”

Grading

Grade 2 (Poor): Patient completes partial range of
motion.

Grade 1 (Trace): Contractile activity may be palpated in
capital flexor muscles but it is difficult and only minimal

pressure should be used.

Grade 0 (Zero): No contractile activity.

FIGURE 3-20

® Palpation of the small and deep muscles of capital
flexion may be a difficult task unless the patient has
severe atrophy. It is NOT recommended that much
pressure be put on the neck in such attempts.
Remember that the ascending arterial supply (carot-
ids) to the brain runs quite superficially in this
region.

® In patients with lower motor neuron lesions that do
not affect the cranial nerves, capital flexion is seldom
lost. This can possibly be attributed to the suprahyoid

muscles, which are innervated by cranial nerves.
Activity of the suprahyoid muscles can be identified
by control of the floor of the mouth and the tongue
as well as by the absence of impairment of swallowing
or speech.!

® When capital flexion is impaired or absent, there
usually is serious impairment of the cranial nerves,
and other central nervous system (CNS) signs are
present that may require further evaluation by the
physical therapist.
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CERVICAL FLEXION

c1 —
T

C3

Scalenus

medius Sternocleido-

mastoid

Scalenus (sternal head)

anterior

Scalenus

h (clavicular
posterior

head)

\(

o

5 GG
"M /(’% Longus

’ Clavicle
! (
colli
4//;, st rib \
Y -
2nd rib ANTERIOR

FIGURE 3-21

To: Longus colli
C2-Cé

C2-C3

To: Scalenes
C3-C8

A ° B
FIGURE 3-22
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CERVICAL FLEXION

Table 3-4 CERVICAL FLEXION

Range of Motion

0° to 35°-45°

Note: Women have greater
cervical lordosis than men, so
it is likely that they will have a
greater arc of motion.

1.D.
83

79

80

Others

81

82
Infrahyoids
84

85

86

87

Muscle

Sternocleidomastoid
Sternal head
Clavicular head

Longus colli
Superior oblique head

Vertical infermediate head
Inferior oblique head

Scalenus anterior

Scalenus medius
Scalenus posterior

Sternothyroid
Thyrohyoid
Sternohyoid
Omohyoid

Origin

Sternum (Manubrium, upper
anterior aspect)

Clavicle (medial 1/3 superior

and anterior surfaces)

C3-C5 vertebrae (fransverse
processes)

T1-T3 and C5-C7 vertebrae
(anterolateral bodies)

T1-13 vertebrae (anterior bodies)

C3-C6 vertebrae (fransverse

processes, antferior tubercles)

Insertion

Two heads blend in middle of
neck; occiput (lateral half of
superior nuchal line)

Temporal bone (mastoid process)

Atlas (anterior arch, fubercle)
C2-C4 vertebrae (anterior bodies)
C5-C6 vertebrae (fransverse

processes, antferior tubercles)
First rib (scalene tubercle)
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CERVICAL FLEXION

The muscles of cervical flexion act only on the cervical
spine with the center of motion in the lower cervical
spine.””?

Grade 5 (Normal) and Grade 4 (Good)

Position of Patient: Refer to starting position for all
flexion tests. Supine with arms at side. Head supported
on table.

Position of Therapist: Standing next to patient’s head.
Hand for resistance is placed on patient’s forehead. Use
two fingers only (Figure 3-23). Other hand may be
placed on chest, but stabilization is needed only when
the trunk is weak.

Test: Patient flexes neck by lifting head straight up from
the table without tucking the chin. This is a weak muscle

group.

Instructions to Patient: “Lift your head from the table;
keep looking at the ceiling. Do not lift your shoulders
oft the table. Hold it. Don’t let me push your head
down.”

Grading

Grade 5 (Normal): Patient completes available range of
motion against moderate two-finger resistance.

Grade 4 (Good): Patient completes available range of
motion against mild two-finger resistance.

FIGURE 3-23
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Grade 3 (Fair)

Positions of Patient and Therapist: Same as for previ-
ous test. No resistance is used on the forchead.

Test: Patient flexes neck, keeping eyes on the ceiling
(Figure 3-24).

Instructions to Patient: “Bring your head off the table,
keeping your eyes on the ceiling. Keep your shoulders
completely on the table.”

Grading

Grade 3 (Fair): Patient completes available range of
motion.

FIGURE 3-24



CERVICAL FLEXION

Grade 2 (Poor), Grade 1 (Trace), and Grade 0 (Zero)

Position of Patient: Supine with head supported on
table. Arms at sides.

Position of Therapist: Standing at head of table facing
patient. Fingers of both hands (or just the index finger)
are placed over the sternocleidomastoid muscles to
palpate them during test (Figure 3-25).

Test: Patient rolls head from side to side, keeping head
supported on table.

Instructions to Patient: “Roll your head to the left and
then to the right.”

FIGURE 3-25

Grading

Grade 2 (Poor): Patient completes partial range of
motion. The right sternocleidomastoid produces the roll
to the left side and vice versa.

Grade 1 (Trace): No motion occurs, but contractile
activity in one or both muscles can be detected.

Grade 0 (Zero): No motion and no contractile activity
detected.

The platysma may attempt to substitute for weak or
absent sternocleidomastoid muscles during cervical or
combined flexion. When this occurs, the corners of
the mouth pull down; a grimacing expression or
“What do I do now?” expression is seen. Superficial
muscle activity will be apparent over the anterior
surface of the neck, with skin wrinkling.
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COMBINED CERVICAL FLEXION

(Capital plus Cervical)
Grade 5 (Normal) and Grade 4 (Good)

Position of Patient: Supine with head supported on
table. Arms at sides.

Position of Therapist: Standing at side of table at level
of shoulder. Hand placed on forechead of patient to give
resistance (Figure 3-26). One arm may be used to provide
stabilization of the thorax if there is trunk weakness. In
such cases, the forearm is placed across the chest at the
distal margin of the ribs. Although this arm does not
offer resistance, considerable force may be required to
maintain the trunk in a stable position. In a large patient,
both arms may be required to provide such stabilization,
the lower arm anchoring the pelvis. Therapist must use
caution and not place too much weight or force over
vulnerable nonbony areas like the abdomen.

Test: Patient flexes head and neck, bringing chin to
chest.

Instructions to Patient: “Bring your head up until
your chin is on your chest, and don’t raise your shoul-
ders. Hold it. Don’t let me push it down.”

Grading

Grade 5 (Novmal): Patient completes available range of
motion and tolerates strong resistance. (This combined
flexion test is stronger than the capital or cervical com-
ponent alone.)

Grade 4 (Good): Patient completes available range of
motion and tolerates moderate resistance.

FIGURE 3-26
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Grade 3 (Fair)

Position of Patient: Supine with head supported on
table. Arms at sides.

Position of Therapist: Standing at side of table at
about chest level. No resistance is given to the head
motion. In the presence of trunk weakness, the thorax is
stabilized.

Test: Patient flexes neck with chin tucked until the avail-
able range is completed (Figure 3-27).

Instructions to Patient: “Bring your chin up on your
chest. Don’t raise your shoulders.”

Grading

Grade 3 (Fair): Patient completes available range of
motion without resistance.

FIGURE 3-27



COMBINED CERVICAL FLEXION

(Capital plus Cervical)

Grade 2 (Poor), Grade 1 (Trace), and Grade 0 (Zero)

Position of Patient: Supine with head fully supported
on table. Arms at sides.

Position of Therapist: Standing at head of table facing
the patient. Fingers of both hands or preferably just the
index finger should be used to palpate the sternocleido-
mastoid muscles bilaterally.

Test: Patient attempts to roll the head from side to side.
The sternocleidomastoid on one side rotates the head to
the opposite side. Most of the capital flexors rotate the
head to the same side.

Instructions to Patient: “Try to roll your head to the
right and then back and all the way to the left.”

Grading

Grade 2 (Poor): Patient completes partial range of
motion.

Grade 1 (Trace): Muscle contractile activity palpated,
but no motion occurs. Use considerable caution when

palpating anterior neck.

Grade 0 (Zero): No palpable contractile activity.

If the capital flexor muscles are weak and the sterno-
cleidomastoid is relatively strong, the latter muscle
action will increase the extension of the cervical spine
because its posterior insertion on the mastoid process
makes it a weak extensor. This is true only if the capital
flexors are not active enough to pre-fix the head in

flexion. When the capital flexors are normal, they fix
the spine in flexion, and the sternocleidomastoid
functions in its flexor mode. If the capital flexors
are weak, the head can be raised off the table, but it
will be in a position of capital extension with the chin
leading.
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COMBINED FLEXION TO ISOLATE A SINGLE

STERNOCLEIDOMASTOID

This test should be performed when there is suspected
or known asymmetry of strength in these neck flexor
muscles.

Grade 5 (Normal), Grade 4 (Good),
and Grade 3 (Fair)

Position of Patient: Supine with head supported
on table and turned to the left (to test right
sternocleidomastoid).

Position of Therapist: Standing at head of table facing
patient. One hand is placed on the temporal area above
the ear for resistance (Figure 3-28).

Range of Motion

0° to 45°-55°

Test: Patient raises head from table.

Instructions to Patient: “Lift up your head, keeping
your head turned.”

Grading

Grade 5 (Normal): Patient completes available range of
motion and takes strong resistance. This is usually a very
strong muscle group.

Grade 4 (Good): Patient completes available range of
motion and takes moderate resistance.

Grade 3 (Fair): Patient completes available range of
motion with no resistance (Figure 3-29).

FIGURE 3-28

FIGURE 3-29

Grade 2 (Poor), Grade 1 (Trace), and Grade 0 (Zero)

Position of Patient: Supine with head supported on
table.

Position of Therapist: Standing at head of table facing
patient. Fingers are placed along the side of the head and
neck so that they (or just the index finger) can palpate
the sternocleidomastoid (see Figure 3-25).

Test: Patient attempts to roll head from side to side.

Instructions to Patient: “Roll your head to the right
and then to the left.”
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Grading

Grade 2 (Poor): Patient completes partial range of
motion.

Grade 1 (Trace): Palpable contractile activity in the ster-
nocleidomastoid, but no movement.

Grade 0 (Zero): No palpable contractile activity.



CERVICAL ROTATION

Grade 5 (Normal), Grade 4 (Good), and
Grade 3 (Fair)

Position of Patient: Supine with cervical spine in
neutral (flexion and extension). Head supported on table
with face turned as far to one side as possible. Sitting is
an alternative position for all tests.

Position of Therapist: Standing at head of table facing
patient. Hand for resistance is placed over the side of
head above ear (Grades 5 and 4 only).

Test: Patient rotates head to neutral against maximum
resistance. This is a strong muscle group. Repeat for
rotators on the opposite side. Alternatively, have patient
rotate from left side of face on table to right side of face
on table.

Instructions to Patient: “Turn your head and face the
ceiling. Hold it. Do not let me turn your head back.”

Grading

Grade 5 (Novmal): Patient rotates head through full
available range of motion to both right and left against
maximum resistance.

Grade 4 (Good): Patient rotates head through full avail-
able range of motion to both right and left against mod-
erate resistance.

Grade 3 (Fair): Patient rotates head through full avail-
able range of motion to both right and left without
resistance.

Participating Muscles in Cervical

Grade 2 (Poor), Grade 1 (Trace), and
Grade 0 (Zero)

Position of Patient: Sitting. Trunk and head may be
supported against a high-back chair. Head posture
neutral.

Position of Therapist: Standing directly in front of
patient.

Test: Patient tries to rotate head from side to side,
keeping the neck in neutral (chin neither down nor up).

Instructions to Patient: “Turn your head as far to the

left as you can. Keep your chin level.” Repeat for turn
to right.

Grading

Grade 2 (Poor): Patient completes partial range of
motion.

Grade 1 (Trace): Contractile activity in sternocleido-
mastoid or posterior muscles visible or evident by palpa-

tion. No movement.

Grade 0 (Zero): No palpable contractile activity.

Rotation

(with reference
56. Rectus capitis posterior major

59. Obliquus capitis inferior

60. Longissimus capitis

61. Splenius capitis

62. Semispinalis capitis

65. Semispinalis cervicis

67. Splenius cervicis

71. Rotatores cervicis

numbers)

74. Longus capitis

79. Longus colli (Inferior oblique)
80. Scalenus anterior

81. Scalenus medius

82. Scalenus posterior

83. Sternocleidomastoid

124. Trapezius

127. Levator scapulae
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TRUNK EXTENSION

T1 ! T1
§ T2
! T3
Longissimus thoracis lt T4
lliocostalis thoracis !
lliocostalis Spinalis thoracis : 5
thoracis Semispinalis thoracis ‘
Longissimus Multifidus T6
thoracis lliocostalis lumborum 17
All muscles are bilateral
T8

f
|
{
and segmental; {
Innervation is variable l T9
along thoracic, lumbar, f
and even cervical spine ; T10
f

T11

Spinalis
thoracis

T12
L1 L1

L2
lliocostalis lumborum

L3
L4
L5

S1
S2
S3

FIGURE 4-2

POSTERIOR Range of Motion

FIGURE 4-1 Thoracic spine: 0° to 10°
Lumbar spine: 0° to 25°
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TRUNK EXTENSION

Table 4-1 TRUNK EXTENSION

1.D.
89

90

91

92

93

94

95, 96

97, 98

99

100

Other
182

Muscle

lliocostalis thoracis

lliocostalis lumborum

Longissimus thoracis

Spinalis thoracis (offen
indistinct)

Semispinalis thoracis

Multifidi

Rotatores thoracis and
lumborum (11 pairs)

Interspinales thoracis
and lumborum

Intertransversarii
thoracis and
lumborum

Quadratus lumborum

Gluteus maximus

(provides stable base
for frunk extension by

stabilizing pelvis)

Origin
Ribs 12 up to 7 (angles)

Tendon of erector spinae (anterior surface)
Thoracolumbar fascia
Sacrum (posterior surface)

Tendon of erector spinae
Thoracolumbar fascia
L1-L5 vertebrae (fransverse processes)

Common tendon of erector spinae
T11-L2 vertebrae (spinous processes)

T6-T10 vertebrae (fransverse processes)

Sacrum (posterior)

Erector spinae (aponeurosis)

llium (PSIS) and crest

Sacroiliac ligaments

L1-L5 vertebrae (mamillary processes)
T1-T12 vertebrae (fransverse processes)
C4-C7 vertebrae (articular processes)

Thoracic and lumbar vertebrae (fransverse
processes; variable in lumbar area)

Thoracis: (3 pairs) between spinous processes
of contiguous vertebrae (T1-12; T2-T3; T11-T12)

Lumborum: (4 pairs) lie between the 5 lumbar
vertebrae; run between spinous processes

Thoracis: (3 pairs) between transverse
processes of contiguous vertebrae T10-T12
and L1

Lumborum: medial muscles; accessory process
of superior vertebra to mamillary process of
vertebra below

Lateral muscles: fill space between transverse
processes of adjacent vertebrae

llium (crest and inner lip)
lliolumbar ligament

Insertion

Ribs 6 up to 1 (angles)
C7 vertebra (fransverse
processes)

Ribs 6-12 (angles)

T1-T12 vertebrae
(fransverse
processes)

Ribs 2-12 (between
angles and
tubercles)

T1-T4 vertebrae (or to
T8, spinous processes)

Blends with semispinalis
thoracis

C6-T4 vertebrae
(spinous processes)

Spinous processes of
higher vertebra (may
span 2-4 vertebrae
before inserting)

Next highest vertebra
(lower border of
lamina)

See origin

See origin

12th rib (lower border)

L1-L4 vertebrae
(transverse
processes)

T12 vertebra (body)
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TRUNK EXTENSION

LUMBAR SPINE
Grade 5 (Normal) and Grade 4 (Good)

Note: The Grades 5 and 4 tests for spine extension are
different for the lumbar and thoracic spines. Beginning
at Grade 3, the tests for both spinal levels are
combined.

Position of Patient: Prone with hands clasped behind
head.

Position of Therapist: Standing so as to stabilize the
lower extremities just above the ankles if the patient has
Grade 5 hip extensor strength (Figure 4-3).

Alternate Position: Therapist stabilizes the lower
extremities using body weight and both arms placed
across the pelvis if the patient has hip extension weakness.
It is very difficult to stabilize the pelvis adequately in the
presence of significant hip weakness (Figure 4-4).

Test: Patient extends the lumbar spine until the entire
trunk is raised from the table (clears umbilicus).

Instructions to Patient: “Raise your head, shoulders,
and chest off the table. Come up as high as you can.”

Grading

Grade 5 (Normal) and Grade 4 (Good): The therapist
distinguishes between Grade 5 and Grade 4 muscles by
the nature of the response (see Figures 4-3 and 4-4). The
Grade 5 muscle holds like a lock; the Grade 4 muscle
yields slightly because of an elastic quality at the end
point. The patient with Grade 5 back extensor muscles
can quickly come to the end position and hold that posi-
tion without evidence of significant effort. The patient
with Grade 4 back extensors can come to the end posi-
tion but may waver or display some signs of effort.

FIGURE 4-3

FIGURE 4-4
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TRUNK EXTENSION

Alternative Grade 5 Sorensen Lumbar
Spine Extension Test

The Biering-Sorensen test or Sorensen test is a global
measure of back extension endurance capacity.’

Position of Patient: Prone with the trunk flexed off the
end of the table at a level between the anterior superior
iliac spine (ASIS) and umbilicus. The arms are folded
across the chest. The pelvis, hips, and legs are stabilized
on the table (Figure 4-5).

Position of Therapist: Kneeling above patient so as to
stabilize the lower limbs and pelvis at the ankles.

Test: Patient lifts the trunk to the horizontal and main-
tains the position as long as possible. The therapist uses
a stopwatch to time the effort, activating it at the “begin”
command and stopping it when the patient shows
obvious signs of fatigue and begins to falter.'

Instructions to Patient: “When I say ‘begin,’ raise your
head, chest, and trunk from the table and hold the posi-
tion as long as you can. I will be timing you. Let me
know if you have any back pain.”

FIGURE 4-5

e Low levels of endurance of back muscles are
reported as cause and effect of low back pain.’

* The Sorensen test has been validated as a differen-
tial diagnostic test for low back pain.** Individuals
with low back pain have significantly lower hold
times than those without low back pain. In subjects
with low back pain, the mean endurance time
ranges from 39.55 to 54.5 seconds in mixed-
gender groups (compared with 80 to 194 seconds
for men and 146 to 227 seconds for women
without pain).?

e The mean endurance time for all subjects (with and
without low back pain) in one study was 113 £ 46
seconds.” Men had higher mean endurance than
women.

* Because average endurance times have not been
established for older individuals, caution should be
exercised when testing individuals aged 60 years
and older.

e A significant difference was found in the endurance
time across the age groups,” indicating that a
decrease in endurance time should be expected
with increasing age. Some age-based norms are
listed in Table 4-2.

° More recent data suggest that normative values
vary by specific populations and by specific anthro-
pomorphic characteristics such as body mass index
and torso length.®

e The multifidus demonstrates more electromyo-
gram (EMQG) activity and faster fatigue rates than
the iliocostalis lumborum.®
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TRUNK EXTENSION

Table 4-2 AGE-BASED NORMS FOR SORENSEN TEST

Age

19-29
30-39
35-39
40-44
40-49
45-49
50-54
50-59
60+

Mean Hold Time in Seconds (SD)*
Males

140°

140°

97 (43)?
101 (57)
110°

99 (58)?
89 (55)2
90°

80°

Mean Hold Time in Seconds (SD)
Females

130°

120

93 (55)?
80 (55)?
90°

102 (64)?
69 (60)?
80°

90°

‘Numbers in parentheses refer to standard deviation (SD). The standard deviation is only available for some age groups.
’Data from 508 subjects with and without back pain that comprised equal groups of blue and white collar male and female subjects. Modified

Sorensen test performed (arms at sides).
*Data from 561 healthy, nonsmoking subjects in Nigeria without low back pain, performing a modified Sorensen test (arms at sides).

THORACIC SPINE

Grade 5 (Normal) and Grade 4 (Good)

Position of Patient: Prone with head and upper trunk
extending off the table from about the nipple line (Figure

4-6).

Position of Therapist: Standing so as to stabilize the

Grading

Grade 5 (Normal): Patient is able to raise the upper

trunk quickly from its forward flexed position to the

lower limbs at the ankle.

Test: Patient extends thoracic spine to the horizontal.

Instructions to Patient: “Raise your head, shoulders,
and chest to table level.”
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FIGURE 4-6

horizontal (or beyond) with ease and no sign of exertion
(Figure 4-7).

Grade 4 (Good): Patient is able to raise the trunk to the
horizontal level but does it somewhat laboriously.

FIGURE 4-7



TRUNK EXTENSION

LUMBAR AND THORACIC SPINE
Grade 3 (Fair)

Position of Patient: Prone with arms at sides.

Position of Therapist: Standing at side of table. Lower
extremities are stabilized just above the ankles.

Test: Patient extends spine, raising body from the table
so that the umbilicus clears the table (Figure 4-8).

Instructions to Patient: “Raise your head, arms, and
chest from the table as high as you can.”

Grading

Grade 3 (Fair): Patient completes the range of motion.

Grade 2 (Poor), Grade 1 (Trace), and
Grade 0 (Zero)

These tests are identical to the Grade 3 test except that
the therapist must palpate the lumbar and thoracic spine
extensor muscle masses adjacent to both sides of the
spine. The individual muscles cannot be isolated (Figures
4-9 and 4-10).

Grading

Grade 2 (Poor): Patient completes partial range of
motion.

Grade 1 (Trace): Contractile activity is detectable but
no movement.

Grade 0 (Zero): No contractile activity.

FIGURE 4-8

FIGURE 4-9

FIGURE 4-10

Chapter 4 | Testing the Muscles of the Trunk and Pelvic Floor 47



TRUNK EXTENSION

e Tests for hip extension and neck extension should e The position of the arms in external rotation and

precede tests for trunk extension.

When the spine extensors are weak and the hip
extensors are strong, the patient will be unable to
raise the upper trunk from the table. Instead, the
pelvis will tilt posteriorly while the lumbar spine
moves into flexion (low back flattens).

If the hip extensor muscles are Grade 4 or better, it
may be helpful to use belts to anchor hips to the
table, especially if the patient is much larger or stron-
ger than the testing therapist.

When the back extensors are strong and the hip
extensors are weak, the patient can hyperextend the
low back (increased lordosis) but will be unable to
raise the trunk without very strong stabilization of
the pelvis by the therapist.

If the neck extensors are weak, the therapist may
need to support the head as the patient raises the
trunk.

fingertips lightly touching the side of the head pro-
vides added resistance for Grades 5 and 4; the weight
of the head and arms essentially substitutes for
manual resistance by the therapist.

If the patient is unable to provide stabilization
through the weight of the legs and pelvis (such as in
paraplegia or amputee), the test should be done on
a mat table. Position the subject with both legs and
pelvis oft the mat. This allows the pelvis and limbs
to contribute to stabilization, and the therapist
holding the lower trunk has a chance to provide the
necessary support. (If'a mat table is not available, an
assistant will be required, and the lower body may
rest on a chair.)

The Modified Sorensen test is the Sorensen test but
performed with arms at the patient’s sides.
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ELEVATION OF THE PELVIS

Quadratus
lumborum

POSTERIOR

FIGURE 4-11

Table 4-3 ELEVATION OF THE PELVIS

7 . \ T10
71N
? T11
i T12
{ L1 To:
{ Quadratus lumborum
i L2 T12-L3
i s
S1
S2
S3
FIGURE 4-12

Range of Motion

Approximates pelvis to lower

rios;

range not precise

1.D.
100

110

111

Others
130
90

Muscle

Quadratus lumborum

Obliquus externus
abdominis

Obliquus infernus
abdominis

Origin

llium (crest and inner lip)
lliolumbar ligament

Ribs 5-12 (interdigitating
on external and inferior
surfaces)

lliac crest (anterior 2/3 of
infermediate line)

Thoracolumbar fascia

Inguinal ligament (lateral
2/3 of upper aspect)

Latissimus dorsi (arms fixed)

lliocostalis lumborum

Insertion

Rib 12 (lower border)

L1-L4 vertebrae (tfransverse
processes, apex)

T12 vertebra (body;
occasionally)

lliac crest (outer border)

Aponeurosis from 9th
costal cartilage to ASIS;
both sides meet at
midline to form linea
alba

Pubic symphysis (upper
border)

Ribs 9-12 (inferior border
and cartilages by
digitations that appear
continuous with internal
intfercostals)

Ribs 7-9 (cartilages)

Aponeurosis to linea alba
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ELEVATION OF THE PELVIS

Grade 5 (Normal) and Grade 4 (Good)

Position of Patient: Supine or prone with hip and
lumbar spine in extension. The patient grasps edges of
the table to provide stabilization during resistance (not
illustrated).

Position of Therapist: Standing at foot of table facing
patient. Therapist grasps test limb with both hands just
above the ankle and pulls caudally with a smooth, even
pull (Figure 4-13). Resistance is given as in traction.

Test: Patient hikes the pelvis on one side, thereby
approximating the pelvic rim to the inferior margin of
the rib cage.

Instructions to Patient: “Hike your pelvis to bring it
up to your ribs. Hold it. Don’t let me pull your leg
down.”

Grading

Grade 5 (Normal): This motion, certainly not attrib-
uted solely to the quadratus lumborum, is one that toler-
ates a huge amount of resistance that is not readily
broken when the muscles involved are Grade 5.

Grade 4 (Good): Patient tolerates very strong resistance.
Testing this movement requires more than a bit of clini-
cal judgment.

FIGURE 4-13

Grade 3 (Fair) and Grade 2 (Poor)

Position of Patient: Supine or prone. Hip in extension;
lumbar spine neutral or extended.

Position of Therapist: Standing at foot of table facing
patient. One hand supports the leg just above the ankle;
the other is under the knee so the limb is slightly oft the
table to decrease friction (Figure 4-14).

Test: Patient hikes the pelvis unilaterally to bring the
rim of the pelvis closer to the inferior ribs.

Instructions to Patient: “Bring your pelvis up to your
ribs.”

Grading

Grade 3 (Fair): Patient completes available range of
motion.

Grade 2 (Poor): Patient completes partial range of
motion.

FIGURE 4-14
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ELEVATION OF THE PELVIS

Grade 1 (Trace) and Grade 0 (Zero)

These grades should be avoided to ensure clinical accu-
racy. The principal muscle involved in pelvic elevation,
the quadratus lumborum, lies deep to the paraspinal
muscle mass and can rarely be palpated. In people who
have extensive truncal atrophy, paraspinal muscle activity
may be palpated, and possibly, but not necessarily con-
vincingly, the quadratus lumborum can be palpated.

The patient may attempt to substitute with trunk
lateral flexion, primarily using the abdominal muscles.
The spinal extensors may be used without the qua-
dratus lumborum. In neither case can manual testing
detect an inactive quadratus lumborum.

The quadratus lumborum hikes the ipsilateral hip
when the spine is fixed.

It should be noted that the quadratus lumborum
may have functions other than hip hiking, such as
maintaining upright posture, though these func-
tions have been less well studied. Quadratus lum-
borum strength has also been linked to low back
pain and thus may deserve closer analysis.®
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TRUNK LATERAL ENDURANCE

Side Bridge Endurance Test

Quadratus lumborum oblique and transverse muscles are
clicited without generating large compression forces on
the lumbar spine.”*

Position of Patient: Side-lying with legs extended,
resting on the lower forearm with the elbow flexed to
90°. Upper arm is crossed over chest.

Position of Therapist: Standing or sitting in front of
patient holding a stopwatch. Patient is given feedback
regarding posture; the hips and trunk should be level
throughout the test (Figure 4-15).

Test: Patient lifts hip off the table, holding the elevated
position in a straight line with the body on a flexed
elbow. This position is maintained until the patient loses
posture form, fatigues, or complains of pain. The thera-
pist times the effort.

Instructions to the Patient: “When I say ‘go!” lift your
hip off the table, keeping it in a straight line with your
body for as long as you can. I will be timing you.”

FIGURE 4-15

Despite the high reliability of the side bridge test, sig-
nificant changes in hold times must be observed to
confidently assess a true change in strength. Therefore,
the patient’s rating of perceived exertion (RPE) would
help inform clinical decision making.” Mean hold times

range from 20 to 203 seconds (mean 104.8 seconds)
for the right side bridge test and from 19 to 251
seconds (mean of 103.0 seconds) for the left side bridge
test.” Males demonstrated longer endurance times than
females.
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TRUNK FLEXION

Rectus
abdominis

ANTERIOR

FIGURE 4-16

Table 4-4 TRUNK FLEXION

To:
> Rectus abdominus
T10 T7-T12

—
©

T11

; § T12 )
{
A\ s
N\
£ S2
|

FIGURE 4-17

0° to 80°

1.D. Muscle Origin

113 Rectus abdominis Pubis
(paired muscle) Lateral fibers (tubercle on crest
and pecten pubis)
Medial fibers (ligamentous
covering of symphysis attaches
to contralateral muscle)

110 Obliquus externus Ribs 5-12 (interdigitating on
abdominis external and inferior surfaces)

111 Obliquus internus lliac crest (anterior 2/3 of
abdominis infermediate line)

Thoracolumbar fascia
Inguinal ligament (lateral 2/3 of
upper aspect)

Others
174 Psoas major
175 Psoas minor

Insertion

Ribs 5-7 (costal cartilages)
Sternum (xiphoid ligaments)

lliac crest (outer border)

Aponeurosis from 9th costal cartilage to
ASIS; both sides meet at midline fo form
linea alba

Ribs 9-12 (inferior border and cartilages by
digitations that appear continuous with
internal intercostals)

Ribs 7-9 (cartilages)

Aponeurosis to linea alba
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TRUNK FLEXION

Trunk flexion has multiple elements that include cervical,
thoracic, and lumbar motion. Measurement is difficult at
best and may be done in a variety of ways with consider-
able variability in results.

The neck flexors should be eliminated as much as
possible by asking the patient to maintain a neutral neck
position with the chin pointed to the ceiling to avoid
neck flexion.

Grade 5 (Normal)

Position of Patient: Supine with fingertips lightly
touching the back of the head (Figure 4-18).

Position of Therapist: Standing at side of table at level
of patient’s chest to be able to ascertain whether scapulae
clear table during test (see Figure 4-18). For a patient
with no other muscle weakness, the therapist does not

need to touch the patient. If, however, the patient has
weak hip flexors (refer to page 206), the therapist should
stabilize the pelvis by leaning across the patient on the
forearms (Figure 4-19).

Test: Patient flexes trunk through range of motion,
lifting the trunk until scapulae clear table. The neck
should not flex.

Instructions to Patient: “Keep your chin pointed
toward the ceiling and lift your head, shoulders, and back
off the table.”

Grading

Grade 5 (Normal): Patient completes range of motion
until inferior angles of scapulae are off the table. (Weight
of the arms serves as resistance.)

FIGURE 4-18

FIGURE 4-19
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TRUNK FLEXION

Grade 4 (Good)

Position of Patient: Supine with arms crossed over
chest (Figure 4-20).

Test: Other than patient’s position, all other aspects of
the test are the same as for Grade 5.

Grading

Grade 4 (Good): Patient completes range of motion and
raises trunk until scapulae are off the table. Resistance of
arms is reduced in the cross-chest position.

Grade 3 (Fair)

Position of Patient: Supine with arms outstretched in
full extension above plane of body (Figure 4-21).

Test: Except for the patient’s position, all other aspects
of the test are the same as for Grade 5. Patient lifts trunk
until inferior angles of scapulae are off the table. Position
of the outstretched arms “neutralizes” resistance by
bringing the weight of the arms closer to the center of

gravity.

Instructions to Patient: “Keep your chin pointed to
the ceiling as you raise your head, shoulders, and arms
oft the table.”

Grading

Grade 3 (Fair): Patient completes range of motion and
lifts trunk until inferior angles of scapulae are oft the
table.

FIGURE 4-20

FIGURE 4-21
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TRUNK FLEXION

Grade 2 (Poor), Grade 1 (Trace), and Grade 0 (Zero)

Testing trunk flexion is rather clear-cut for Grades 5, 4,
and 3. When testing Grade 2 and below, the results may
be ambiguous, but observation and palpation are critical
for defendable results. To determine Grades 2 to 0, the
patient will be asked, in sequence, to raise the head, do
an assisted forward lean, and cough.

Position of Patient: Supine with arms at sides. Knees
flexed.

Position of Therapist: Standing at side of table. The
hand used for palpation is placed at the midline of the
thorax over the linea alba, and the four fingers of both
hands are used to palpate the rectus abdominis (Figure
4-22).

FIGURE 4-22

Test and Instructions to Patient: The therapist tests
for Grades 2, 1, and 0 in a variety of ways to make certain
that muscle contractile activity that may be present is not
missed.

Grading

Sequence 1: Head raise (Figure 4-23): Ask the patient to
lift the head from the table. If the scapulac do not clear
the table, the Grade is 2 (Poor). If the patient cannot lift
the head, proceed to Sequence 2.

FIGURE 4-23
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TRUNK FLEXION

Sequence 2: Assisted forward lean (Figure 4-24): The
therapist cradles the upper trunk and head off the table
and asks the patient to lean forward. If there is depression
of the rib cage, the Grade is 2 (Poor). If there is no
depression of the rib cage but visible or palpable contrac-
tion occurs, the Grade assigned should be 1 (Trace).
If there is no activity, the Grade is 0; proceed to
Sequence 3.

Sequence 3: Cough (Figure 4-25): Ask the patient to
cough. If the patient can cough to any degree and
depression of the rib cage occurs, the Grade is 2 (Poor).
(If the patient coughs, regardless of its effectiveness, the
abdominal muscles are automatically brought into play.)
If the patient cannot cough but there is palpable rectus
abdominis activity, the Grade is 1 (Trace). Lack of any
demonstrable activity is Grade 0 (Zero).

FIGURE 4-24

FIGURE 4-25

e If the abdominal muscles are weak, reverse action of
the hip flexors may cause lumbar lordosis. When this
occurs, the patient should be positioned with the
hips extended to disallow the hip flexors to contrib-
ute to the test motion."

e In all tests observe any deviations of the umbilicus.
(This is not to be confused with the response to light
stroking, which elicits superficial reflex activity.) In
response to muscle testing, if there is a difference in
the segments of the rectus abdominis, the umbilicus
will deviate toward the stronger part (i.e., cranially
if the upper parts are stronger, caudally if the lower
parts are stronger, and laterally if one or more
segment of one rectus is paralyzed).

e Ifthe extensor muscles of the lumbar spine are weak,
contraction of the abdominal muscles can cause pos-
terior tilt of the pelvis. If this situation exists, tension
of the hip flexor muscles would be useful to stabilize
the pelvis; therefore, the therapist should position
the patient in hip and knee flexion.

e The thoracic flexion muscle test should be done
absolutely correctly—that is, with the neck in neutral
to avoid undue strain on the neck and in the pres-
ence of known or suspected osteoporosis. Trunk
flexion is contraindicated in the presence of osteo-
porosis secondary to the risk of vertebral fracture.

To avoid thoracic flexion, instruct the patient to
keep the chin pointed to the ceiling and the elbows
flat.

e To avoid cervical strain, have the patient avoid clasp-
ing the head with the hands. The hands should not
carry any of the head’s weight.

* The abdominal muscles are activated the most
when slight spine flexion occurs without active hip
flexion.”

* Leg support during a pelvic tilt and fixed feet during
spine and hip flexion exercises may decrease the
intensity of rectus abdominus activity. Having the
feet on the floor or fixed activates the hip flexors."

e Spine flexion with knees and hips bent with feet in
the air neutralizes the pelvic lordosis, reduces tension
on the psoas muscle, decreases involvement of the
hip flexors and decreases the compressive load of the
spinal segments.'’

e In summary, to ensure the patient’s spine safety,
remember these important guidelines:'’

a. Avoid active hip flexion or fixed feet.

b. Do not allow the patient to pull the head up with
the hands behind the head.

c. Knees and hips should be flexed during upper
body exercises.
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TRUNK ROTATION

AN
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{ To:
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Range of Motion
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Table 4-5 TRUNK ROTATION
1.D. Muscle Origin Insertion
110 Obliquus externus Ribs 5-12 (interdigitating lliac crest (outer border)
abdominis on external and Aponeurosis from 9th costal cartilage to ASIS;
inferior surfaces) both sides meet at midline to form linea alba
Pubic symphysis (upper border)
111 Obliquus internus lliac crest (anterior 2/3 of Ribs 9-12 (inferior border and cartilages by
abdominis infermediate line) digitations that appear continuous with
Thoracolumbar fascia internal intercostals)
Inguinal ligament (lateral Ribs 7-9 (cartilages)
2/3 of upper aspect) Aponeurosis to linea alba

Other

Deep back
muscles (1 side)
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TRUNK ROTATION

CAUTION: Trunk rotation must be used with caution
in patients with known or suspected osteoporosis.

Grade 5 (Normal)

Position of Patient: Supine with fingertips to the side
of the head.

Position of Therapist: Standing at patient’s waist level.

Test: With chin pointed to the ceiling, patient flexes
trunk and rotates to one side. This movement is then
repeated on the opposite side so that the muscles on both
sides can be examined.

Right elbow to left knee tests the right external
obliques and the left internal obliques. Left elbow to
right knee tests the left external obliques and the right
internal obliques (Figure 4-28). When the patient rotates
to one side, the internal oblique muscle is palpated on
the side toward the turn; the external oblique muscle is
palpated on the side away from the direction of turning
(Figure 4-29).

If the pectoralis major is active (inappropriately) in
this test of trunk rotation at any grade, the shoulder
will shrug or be raised from the table, and there is
limited rotation of the trunk.

Instructions to Patient: “With your chin pointed to
the ceiling, lift your head and shoulders from the table,
taking your right elbow toward your left knee. Then,
with your chin pointed to the ceiling, lift your head and
shoulders from the table, taking your left elbow toward
your right knee.”

Grading

Grade 5 (Normal): The scapula corresponding to the
side of the external oblique function must clear the table
for a Grade 5.

FIGURE 4-28

FIGURE 4-29
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TRUNK ROTATION

Grade 4 (Good) Grade 3 (Fair)

Position of Patient: Supine with arms crossed over  Position of Patient: Supine with arms outstretched
chest. above plane of body.

Test: Other than patient’s position, all other aspects of ~ Test: Position of therapist and instructions are the same
the test are the same as for Grade 5. The test is done first ~ as for Grade 5. The test is done first to the left (Figure
to one side (Figure 4-30) and then to the other. 4-31) and then to the right (Figure 4-32).

Grading

Grade 3 (Fair): Patient is able to raise the scapula off
the table. The therapist may use one hand to check for
scapular clearance (see Figure 4-32).

FIGURE 4-30

FIGURE 4-31 FIGURE 4-32
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TRUNK ROTATION

Grade 2 (Poor)

Position of Patient: Supine with arms outstretched
above plane of body.

Position of Therapist: Standing at level of patient’s
waist. Therapist palpates the external oblique first on one
side and then on the other, with one hand placed on the
lateral part of the anterior abdominal wall distal to the
rib cage (Figure 4-33). Continue to palpate the muscle
distally in the direction of its fibers until reaching the
ASIS.

FIGURE 4-33

At the same time, the internal oblique muscle on the
opposite side of the trunk is palpated. The internal
oblique muscle lies under the external oblique, and its
fibers run in the opposite diagonal direction.

Therapists may remember this palpation procedure
better if they think of positioning their two hands as if
both hands were to be in the pants pockets or grasping
the abdomen in pain. (The external obliques run from
out to in; the internal obliques run from in to out.)

Instructions to Patient: “Keeping your chin pointed to
the ceiling, lift your head and reach toward your right
knee.” (Repeat to left side for the opposite muscle.)

Test: Patient attempts to raise body and turn toward the
right. Repeat toward left side.

Grading

Grade 2 (Poor): Patient is unable to clear the inferior
angle of the scapula from the table on the side of the
external oblique being tested. The therapist must,
however, be able to observe depression of the rib cage
during the test activity.
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TRUNK ROTATION

Grade 1 (Trace) and Grade 0 (Zero)

Position of Patient: Supine with arms at sides. Hips
flexed with feet flat on table.

Position of Therapist: Head is supported as patient
attempts to turn to one side (Figure 4-34). (Turn to the
other side in a subsequent test.) Under normal condi-
tions, the abdominal muscles stabilize the trunk when
the head is lifted. In patients with abdominal weakness,
the supported head permits the patient to recruit abdom-
inal muscle activity without having to overcome the
entire weight of the head.

FIGURE 4-34

One hand palpates the internal obliques on the side
toward which the patient turns (not illustrated) and the
external obliques on the side away from the direction of
turning (sece Figure 4-34). The therapist assists the
patient to raise the head and shoulders slightly and turn
to one side. This procedure is used when abdominal
muscle weakness is profound.

Instructions to Patient: “Try to lift up and turn to
your right.” (Repeat for turn to the left.)

Test: Patient attempts to flex trunk and turn to either
side.

Grading

Grade 1 (Trace): The therapist can see or palpate mus-
cular contraction.

Grade 0 (Zevo): No response from the obliquus internus
or externus muscles.
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QUIET INSPIRATION
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FIGURE 4-36
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FIGURE 4-37 Arrow indicates level of cross section.
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QUIET INSPIRATION

Rib

Intercostal externus

Intercostal intima Intercostal internus

Rib

FIGURE 4-38

T1 % T

; T2
! T3
j
§ T4
i
Intercostales externi | T6
Intercostales interni ; T7
Intercostales intimi ‘
T1-11 Intercostal nerves i T8
off each segmental i
spinal nerve ’ T9
(bilateral) f T10
A\
A T
7\
<— Phrenic n. Z . Q\
C4, with C3 and C5 Z 1\ T12
To: Diaphragm i :
A B I
FIGURE 4-39

Range of Motion

Normal range of motion of
the chest wall during quiet
inspiration is about 0.75 inch,
with gender variations.
Normal chest expansion in
forced inspiration varies from
2.0 to 2.5 inches at the level
of the xiphoid."
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QUIET INSPIRATION

Table 4-6 MUSCLES OF QUIET INSPIRATION

1.D.
101

102

103

104

107

80

81

82

Others
100
131

Muscle

Diaphragm (formed of
3 parts from the
circumference of the
thoracic outlet)

Sternal
Costal

Lumbar

Intercostales externi
(17 pairs)

Intercostales interni
(11 pairs)

Intercostales intimi
(innermost intercostals)
Often absent

Levatores costarum
(12 pairs)

Scalenus anterior

Scalenus medius

Scalenus posterior

Quadratus lumborum

Pectoralis major (arms
fixed)

Origin

Xiphoid process (posterior)

Ribs 7-12 (intfernal surfaces of
costal cartfilages and ribbs on
each side)

Interdigitates with fransversus
abdominis

Medial and lateral arcuate
ligaments (aponeuroftic
arches)

L1-L2 (left crus, bodies)

L1-L3 (right crus, bodies)

Ribs 1-11 (lower borders and
tubercles; costal cartilages)

Sternum (anterior)

Ribs 1-11 (ridge on inner surface)
Costal cartilages of same rib
Intfernal intercostal membrane

Ribs 1-11 (costal groove)

C7-T11 vertebrae (fransverse
processes, tip)

C3-C6 vertebrae (fransverse
processes, anterior tubercles)

C2 (axis)-C7 vertebrae
(fransverse processes,
posterior tubercles)

C1 (atlas) sometimes

C4-C6 vertebrae (fransverse
processes posterior tubercle,
variable)

Insertion

Fibers all converge on central
tendon of diaphragm;
middle of central fendon is
below and partially blended
with pericardium

Ribs 2-12 (upper margins of rib
below; last 2 end in free
ends of the costal cartilages)

External intercostal membrane

Upper border of rib below
Fibers run obliquely to the
external infercostals

Rib below (upper margin)
Fibers run in same pattern as
intfernal infercostals

Rib below vertebra of origin
(external surface)
1st rib (scalene tubercle)

1st rib (superior surface)

2nd rib (outer surface)
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THE DIAPHRAGM

The diaphragm performs 70 to 80% of the effort of quiet
inspiration. The remainder is performed by the intercos-
tals, scalenes, and sternocleidomastoid muscles.'?

Preliminary Examination

Uncover the patient’s chest and abdominal area so that
the motions of the chest and abdominal walls can be
observed. Watch the normal respiration pattern and
observe differences in the motion of the chest wall and
epigastric area and note any contraction of the neck
muscles and the abdominal muscles.

Epigastric rise and flaring of the lower margin of the
rib cage during inspiration indicate that the diaphragm
is active. The rise on both sides of the linea alba should
be symmetrical. During quiet inspiration, epigastric rise
reflects the movement of the diaphragm descending over
one intercostal space.'*'* In deeper inspiratory efforts,
the diaphragm may move across three or more intercostal
spaces.

An elevation and lateral expansion of the rib cage are
indicative of intercostal activity during inspiration. Exer-
tional chest expansion measured at the level of the
xiphoid process is 2.0 to 2.5 inches (the expansion may
exceed 3.0 inches in more active young people and
athletes)."

All Grades (5 to 0)

Position of Patient: Supine.

Position of Therapist: Standing next to patient at
approximately waist level. One hand is placed lightly on
the abdomen in the epigastric area just below the xiphoid
process (Figure 4-40). Resistance is given (by same hand)
in a downward direction.

Test: Patient inhales with maximal effort and holds
maximal inspiration.

Instructions to Patient: “Take a deep breath ... as
much as you can ... hold it. Push against my hand. Don’t
let me push you down.”

Grading

Grade 5 (Normal): Patient completes full inspiratory
(epigastric) excursion and holds against maximal resis-
tance. A Grade 5 diaphragm takes high resistance in the
range of 100 pounds.'®

Grade 4 (Good): Completes maximal inspiratory excur-
sion but yields against heavy resistance.

Grade 3 (Fair): Completes maximal inspiratory expan-
sion but cannot tolerate manual resistance.

FIGURE 4-40
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Grade 2 (Poor): Observable epigastric rise without com-
pletion of full inspiratory expansion.

Grade 1 (Trace): Palpable contraction is detected under
the inner surface of the lower ribs, provided that the
abdominal muscles are relaxed (Figure 4-41). Another
way to detect minimal epigastric motion is by instructing
the patient to “snift” with the mouth closed.

Grade 0 (Zero): No epigastric rise and no palpable con-
traction of the diaphragm occur.

FIGURE 4-41

Patient may attempt to substitute for an inadequate
diaphragm by hyperextending the lumbar spine in an
cffort to increase the response to the therapist’s
manual resistance.'® The abdominal muscles also may
contract, but both motions are improper attempts to
follow the instruction to push up against the thera-
pist’s hand.

THE INTERCOSTALS

There is no method of direct assessment of the strength
of the intercostal muscles. An indirect method measures
the difference in magnitude of chest excursion between
maximal inspiration and the girth of the chest at the end
of full expiration.

Position of Patient: Supine on a firm surface. Arms at
sides.

Position of Therapist: Standing at side of table. Tape
measure placed lightly around thorax at level of xiphoid.

Test: Patient holds maximal inspiration for measure-
ment and then holds maximal expiration for a second
measurement. (A pneumograph may be used for the
same purpose if one is available.) The difference between
the two measurements is recorded as chest expansion.

Instructions to Patient: “Take a big breath in and hold
it. Now blow it all out and hold it.”

Grading

There are no classic 5 to 0 grades given for the intercostal
muscles. Instead, a flexible metal or new cloth tape is
used to measure chest expansion.

The scalene muscles, as assessed via needle EMG
examination, are active with every inspiratory effort
and should be considered a primary muscle of
inspiration.'®
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Weak Functional: Moderate impairment that affects the
degree of active motion or endurance:

e Decreased volume and diminished air movement

e Appears labored

e May take several attempts to clear airway

Coughing often is used as the clinical test for forced

expiration. An effective cough requires the use of all

muscles of active expiration in contrast to quiet expira-

tion, which is the passive relaxation of the muscles of

inspiration. It must be recognized, however, that a

patient may not have an effective cough because of inad-

equate laryngeal control or low vital capacity. Nonfunctional: Severe impairment:

e No clearance of airway

e No expulsion of air

e Cough attempt may be nothing more than an effort
to clear the throat

Grading

The usual muscle test grades do not apply here; thus, the
following scale to assess the cough is used:

Zero: Cough is absent.
Functional: Normal or only slight impairment:
e Crisp or explosive expulsion of air
e Volume is sharp and clearly audible
e Able to clear airway of secretions

Table 4-7 MUSCLES OF FORCED EXPIRATION

1.D. Muscle Origin Insertion
110 Obliquus Ribs 5-12 (interdigitating on external lliac crest (outer border)
externus and inferior surfaces) Aponeurosis from 9th costal cartilage
abdominis to ASIS; both sides meet at midline to
form linea alba
Pubic symphysis (upper border)
111 Obliquus lliac crest (anterior 2/3 of Ribs 9-12 (inferior border and abdominis
intfernus infermediate line) cartilages by digitations that appear
Thoracolumbar fascia continuous with internal intercostals)
Inguinal ligament (lateral 2/3 of Ribs 7-9 (cartilages)
upper aspect) Aponeurosis to linea alba
Pubic crest and pecten pubis
112 Transverse Inguinal ligament (lateral 1/3) Linea alba (blends with broad
abdominis lliac crest (anterior 2/3, inner lip) aponeurosis)
Thoracolumbar fascia Pubic crest and pecten pubis (fo form
Ribs 7-12 (costal cartilages falx inguinalis)
inferdigitate with diaphragm)
113 Rectus Arises via 2 tendons: Ribs 5-7 (costal cartilages)
abdominis Lateral: pubic crest (tubercle) and Costoxiphoid ligaments
pecten pubis
Medial: symphysis pubis
(ligamentous covering)
103 Intercostales Ribs 1-11 (inner surface) Ribs 2-12 (upper border of rib below rib
interni Sternum (anterior) of origin)
Intfernal intercostal membrane
130 Latissimus dorsi T6-T12 and all lumbar and sacral Humerus (floor of intertubercular sulcus)
vertebrae (spinous processes via Deep fascia of arm
supraspinous ligaments)
lliac crest (posterior)
Thoracolumbar fascia
Ribs 9-12 (interdigitates with external
abdominal oblique)
Other
106 Transversus
thoracis
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Alternative Measurement of Inspiration and Expiration Muscle Strength

Measurements of maximal inspiratory pressure (MIP)
and maximal expiratory pressure (MEP) may serve as a
means of measuring ventilatory muscle strength, although
not the strength of any single muscle. The MIP reflects
the strength of the diaphragm and other inspiratory
muscles, whereas the MEP reflects the strength of the
abdominal muscles and other expiratory muscles.

Equipment: Either a manual pressure gauge (Figure
4-42) or an electronic pressure gauge (Figure 4-43) is
used. The device should contain a small hole (1 mm
diameter and 20 to 30 mm in length), which allows air
to escape. This prevents the patient from generating
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FIGURE 4-43

pressure by using the cheek muscles. Place a new card-
board mouthpiece or a clean rubber mouthpiece with
flanges on the device for each patient use.

Maximal Inspiratory Pressure

Position of Patient: Seated in a chair, with a nose clip
applied to the nose (Figure 4-44).

Position of Therapist: Standing or sitting in front of
seated patient so as to read the gauge (see Figure 4-44).

FIGURE 4-44
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Test: Demonstrate the maneuver and then have the
patient repeat it. Patient first exhales completely, then
sucks in as hard as possible. The patient should maintain
inspiratory pressure for at least 1.5 seconds; the largest
negative pressure sustained for at least 1 second should
be recorded. Allow the patient to rest for about one
minute and then repeat the maneuver five times. Provide
verbal or visual feedback after each maneuver, but do not
allow trunk flexion or extension during the test. The goal
is for the variability among measurements to be less than
10 cmH,0. Measurements should be rounded to the
nearest 5 cmH,0O. Table 4-8 lists maximum inspiration
pressure values.

Instructions to Patient: “Seal your lips firmly around
the mouthpiece, exhale slowly and completely, and then
pull in hard, like you are trying to suck up a thick
milkshake.”

Maximal Expiratory Pressure

Position of Patient: Seated in a chair, with a nose clip
applied to the nose.

Position of Therapist: Standing or sitting in front of
seated patient so as to read the gauge.

Test: Demonstrate the maneuver and have the patient
repeat it. Patient first inhales completely, then blows out
as hard as possible. The patient should maintain expira-
tory pressure for at least 1.5 seconds. The largest positive
pressure sustained for at least 1 second should be
recorded. Allow the patient to rest for about one minute
and then repeat the maneuver five times. Provide verbal
or visual feedback after each maneuver but do not allow
trunk flexion or extension during the test. The goal is
for the variability among measurements to be less than
10 cmH,0. Measurements should be rounded to the
nearest 5 cmH,0 (see Table 4-8).

Instructions to Patient: “I want you to inhale com-
pletely as you push the mouthpiece firmly against your
lips and teeth, and then push (or blow) as hard as pos-
sible, like you are trying to fill a very stift balloon.”

Some patients with orofacial muscle weakness may not
be able to obtain a good seal with the lips. It is per-
missible to allow such patients to use their hand to
press their lips against the mouthpiece during each
maneuver. Alternatively, the therapist can press the
patient’s lips against the mouthpiece as necessary to
obtain a good seal or a face mask interface can be
substituted.

Table 4-8 MAXIMUM INSPIRATION PRESSURE (MIP)
AND MAXIMUM EXPIRATION PRESSURE
(MEP) GRADING*

Age Group MIP Valuest MEP Valuest
Adolescents . Male: 114-121 131-161
(Gges 1317 Femnale: 6585 92-95
Adults Male:  92-121 140
(@ges 186" ¢ le: 6879 95
Older adults Male: 65-90 140-190
(@ges 6589 ¢ le: 4560 90-130

*Reference ranges derived from population-based studies with good
reference equations.

tMean values in cmH,0.

fThese mean MEP are under estimates because the mouthpiece was
used between the teeth instead of against the lips and teeth.®
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& The Functional Anatomy of Coughing

Cough is an essential procedure to maintain airway patency
and to clear the pharynx and bronchial tree when secretions
accumulate. A cough may be a reflex or voluntary response
to irritation anywhere along the airway downstream from the
nose.

The cough reflex occurs as a result of stimulation of the
mucous membranes of the pharynx, larynx, trachea, or bron-
chial tree. These tissues are so sensitive to light touch that
any foreign matter or other irritation initiates the cough
reflex. The sensory (afferent) limb of the reflex carries the
impulses set up by the irritation via the glossopharyngeal and
vagus cranial nerves to the fasciculus solitarius in the medulla,
from which the motor impulses (efferent) then move out to
the muscles of the pharynx, palate, tongue, and larynx and
to the muscles of the abdominal wall and chest and the dia-
phragm. The reflex response is a deep inspiration (about 2.5
liters of air) followed quickly by a forced expiration, during
which the glottis closes momentarily, trapping air in the
lungs.?! The diaphragm contracts spasmodically, as do the
abdominal muscles and intercostal muscles. This raises
the intrathoracic pressure (to above 200 mm Hg) until the
vocal cords are forced open, and the explosive outrush of air
expels mucus and foreign matter. The expiratory airflow at
this time may reach a velocity of 500 mph or higher.?* Impor-
tant to the reflex action is that the bronchial tree and laryn-
geal walls collapse because of the strong compression of the
lungs, causing an invagination so that the high linear velocity
of the airflow moving past and through these tissues dislodges
mucus or foreign particles, thus producing an effective cough.

The three phases of cough—inspiration, compression, and
forced expiration—are mediated by the muscles of the thorax
and abdomen as well as those of the pharynx, larynx, and
tongue. The deep inspiratory effort is supported by the dia-
phragm, intercostals, and arytenoid abductor muscles (the
posterior cricoarytenoids), permitting inhalation of more
than 1.5 liters of air.”® The palatoglossus and styloglossus
elevate the tongue and close off the oropharynx from the
nasopharynx. The compression phase requires the lateral cri-
coarytenoid muscles to adduct and close the glottis.

The strong expiratory movement is augmented by strong
contractions of the thorax muscles, particularly the latissimus
dorsi and the oblique and transverse abdominal muscles. The
abdominal muscles raise intra-abdominal pressure, forcing
the relaxing diaphragm up and drawing the lower ribs down
and medially. Elevation of the diaphragm raises the intratho-
racic pressure to about 200 mm Hg, and the explosive expul-
sion phase begins with forced abduction of the glottis.

Functional Assessment of Coughing

It is generally accepted that if an individual’s forced vital
capacity (FVC) is 260% of the predicted value, the inspired
volume is sufficient to generate a functional, effective cough.**
FVC can be measured with a simple spirometer (Figure 4-45).
A forced expiratory volume 260% of the individual’s measured
FVC should be adequate for sufficiently forceful expulsion.?
A peak cough flow rate of 160 L/min is highly predictive of
successful secretion clearance and subsequent extubation and
decannulation in patients with neuromuscular disease.”®

FIGURE 4-45
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The pelvic floor muscles form the “floor” of the pelvis
and perform four important functions:

Supportive: by counteracting passive gravitational pull
and dynamic intraabdominal pressures impacting the
pelvic viscera in conjunction with the inner core
muscles forming the canister theory of core
stabilization.”’

Sphincteric: by shortening in an anterosuperior
direction, these muscles squeeze off the urethra,
vagina, and anorectal junction to maintain urinary
and fecal continence.”

Sexual: by rhythmically contracting during orgasm to
enhance sexual satisfaction.

Postural stabilizer: by working with the transverse
abdominus, multifidi, and pulmonary diaphragm,
the pelvic floor creates the bottom of the inner core
“canister” (Figure 4-46).

Poor pelvic floor strength is associated with pelvic
organ prolapse and urinary or fecal incontinence. Ninety-
seven percent of women will experience some level
of supportive dysfunction in their lifetime, leading to
“falling” of the bladder, rectum, uterus, or small

Bladder

Uterus

intestine.” Urinary or fecal incontinence is experienced
by as many as 72% of women of all ages.* Fecal inconti-
nence is thought to be grossly underreported because of
the associated social stigma. However, urinary inconti-
nence is amenable to treatment, with reports of an 84%
success rate using the Kegel exercise (controlled voluntary
contractions used to strengthen the pelvic floor).*!

Sexual dysfunction may be related to weak pelvic floor
musculature and urinary incontinence.*»* Thirty-one
percent of men and 43% of women between the ages of
18 and 59 years report concerns during physical inti-
macy, some of which are related to urinary incontinence
and a weak pelvic floor.** Up to 80% of aging women
have similar concerns.*

The pelvic floor muscles can become weakened
from childbirth,*® poor patterns of muscle recruitment,
medical comorbidities such as diabetes, abdominopelvic
surgical procedures, constipation, chronic cough, hor-
monal changes, and loss of muscle mass with aging.
Because of the frequency of pelvic floor weakness, pelvic
floor muscle strength should be routinely assessed to rule
out muscle weakness, spasm, or dyscoordination in the
presence of lumbopelvic, urologic, gynecologic, sexual,
or gastrointestinal dysfunction.

Spine

| R\ s
x : .' Rectum
: P

Bladder k‘\gvs?/l

outlet \&Tg_“

Urethra

Vagina

Pelvic floor muscles

FIGURE 4-46 Pelvic floor muscles serve as a sling for the female organs.
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Methods used to assess the strength and function of
the pelvic floor muscles include the following;:

e Presence of pelvic floor muscle activation: clinical
observation, external perineal palpation, vaginal or
rectal digital palpation, EMG, and pressure gauges.

e Quantification of pelvic floor muscle strength: manual
muscle testing with rectal or vaginal palpation, vaginal
cones,” and vaginal squeeze pressure.*

e Additional visualization of the pelvic floor muscula-
ture may be done with abdominal or pelvic two-
dimensional ultrasound,* ultrasound, and magnetic
resonance imaging.*’

Anatomy of the Pelvic Floor

Muscles of the pelvic floor are difficult to visualize, par-
ticularly because most students do not have the oppor-
tunity to dissect this region in anatomy class. In both
males and females, there are five muscles of the urogeni-
tal region that differ in size and disposition in relation
to the male and female external genitalia. These five
muscles are grouped into superficial and deep layers.
Superficial muscles include three portions of the levator
ani (puborectalis, pubococcygeus, iliococcygeus) and the
ischiococcygeus. Connective tissue and the deep trans-
verse perinei comprise the deep layer (Figure 4-47).
The superficial layer is the outermost layer; it resem-
bles a sling and is shaped like a figure eight. Although

Pubococcygeus
muscle

lliococcygeus
muscle

Levator plate
of levator ani muscle

@/ Urethra

the superficial layer is relatively thin in terms of mass, it
is highly sensitive. This area is responsible for controlling
the anal and urethral sphincters, so these muscles play an
important role in continence. In order to work effectively
the sphincters need the support of the rest of the pelvic
floor, particularly the connective tissue elements. Addi-
tionally, because the abdominals share the same connec-
tive tissue attachments as the pelvic floor musculature, in
many women they too need to be strengthened, along
with the pelvic floor musculature.

The deep layer of the pelvic floor is the real workhorse
of the pelvic floor. The deep pelvic floor muscles have
the highest resting muscle tone in the body and play a
vital role in movement, posture, and breathing. These
muscles must continuously support the weight of the
pelvic and abdominal organs when the person is upright
(see Figure 4-46). The deep pelvic floor is sometimes
called the pelvic diaphragm. Like its companion, “the
roof” or the pulmonary diaphragm, it has minimal
sensory innervation and its movement is not felt directly.
When it works well, the pelvic floor functions like a well-
balanced trampoline and has amazing tensile strength
and elasticity. It plays a crucial role in ensuring spinal
stability and free locomotion. Deep abdominal muscles
in front, the multifidi around the spine, and the pulmo-
nary diaphragm all must work together synergistically
with the pelvic diaphragm. Thus “there is no core without
the floor” (Table 4-9).

Vagina

Transverse
perineal muscle

Rectum

Piriformis muscle

FIGURE 4-47

Chapter 4 | Testing the Muscles of the Trunk and Pelvic Floor 73



PELVIC FLOOR

Table 4-9 MUSCLES OF THE PELVIC FLOOR (PERINEUM)

1.D. Muscle Origin
120 Bulbocavernosus

vagina
121 Ischiococcygeus

tuberosity
118 Transversus perinei

superficialis (indistinct,
often missing)

119 Transversus perinei
profundus

122 Sphincter urethrae
the urethra

Surrounds the orifice of the

Inner surface of the ischial

Medial/anterior ischial fuberosity

Inner surface ramus of the ischium

Superior: encircle lower end of

Insertion

Blends with sphincter ani externus

Tendinous aponeurosis attached
to the sides and under surface
of the crus clitoridus.

Perineal body

Blends info perineal body and
vaginal wall

Interlace with fibers from the
opposite side

Inferior: tfransverse perineal

ligament
Others
115 Puborectalis
115 Levator ani:
Puborectalis
lliococcygeus
Pubococcygeus

Testing the Muscles of the Pelvic Floor

Test Description and Procedure

In a separate treatment room the patient is asked to sit
and chat with the therapist who explains the pelvic exam
in total detail. It is not uncommon for therapists to have
patients sign a consent form prior to beginning the exam.
The patient should be advised that she can stop the exam
at any time for any reason. Once the patient thoroughly
understands the exam, the therapist instructs her to
disrobe from the waist down, cover herself with a sheet
provided by the therapist, and lie supine on a plinth. The
therapist leaves the room while the patient is preparing
for the test. Once the therapist returns, the patient is
asked to roll her legs into external rotation and abduc-
tion (hook lying). After the patient is relaxed, the thera-
pist dons sterile gloves that contain no allergens or other
potentially irritating material. The therapist may apply a
nonallergenic lubricant to the gloves. While standing
slightly to the side of the patient, the therapist pushes
the sheet drape aside to locate needed landmarks, replaces
the drape, and then slowly inserts the middle finger,
index and middle finger, or middle and ring finger, into
the vagina. If a patient has complaints of pelvic pain
usually only one finger is used. Once fingers are in place
the patient is asked to “pull my fingers up and in” a total
of three to four times. Contractions are maintained for
1 to 2 seconds (Figure 4-48).

FIGURE 4-48

Grading

There are several grading scales, but the scale used most
commonly is the Modified Oxford Scale.*' The Modified
Oxford Scale is a 6-point scale where half numbers of +
and — can be added when a contraction is considered to
fall between two full grades so that the scale expands to
a 15-point scale (when both + and — are used):

0 = No contraction detected

1 = Flicker

2 = Weak (the patient is able to contract the pelvic
floor muscles well enough to partially encircle the
therapist’s fingers)
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3 = Moderate (the patient is able to fully encircle the
therapist’s fingers)

4 = Good (the patient is able to fully encircle the
therapist’s fingers and partially pull the fingers
further into the vaginal cavity)

5 = Strong (the patient is able to fully encircle the
therapist’s fingers with a strong contraction and pull
the fingers fully up and into the vaginal canal)

The Modified Oxford Scale has fair reliability among
experienced therapists.*” Test accuracy may be enhanced
with visual examination during the actual manual muscle
test. Visual observation can confirm perineal tightening
and whether the fingers are drawn up and in, but most
therapists do not observe the movement out of respect
for the patient.

The Perineometer

The perineometer was developed to specifically deter-
mine the amount of contractile force a woman can
generate with the pelvic floor musculature (Figure
4-49). The portion of the perineometer that is inserted
into the vagina is typically ~28 mm in diameter with an
active measurement length of ~55 mm. Different types
of perineometers are available and each works on the
same principle as a blood pressure monitor.

Test Procedure. The perineometer is first covered
with a sterile sheath and then inserted into the vagina.
A sterile hypoallergenic gel may be used on the sheath.
The patient is then asked to perform a Kegel exercise,

Risk Management Considerations

Vaginal, rectal, and instrumented testing of the pelvic
floor is typically taught at the post-entry level. Given the
sensitivity of this examination, there should be a compel-
ling reason to perform it based on the patient’s subjective
complaint or previous test findings. An appropriate level
of patient education to ensure informed consent should
also be provided. Before engaging in this new area of
practice, therapists should review their state’s practice
laws to ensure that pelvic floor examination is included
within the physical therapist’s scope of practice. Addi-
tionally, each therapist must be able to demonstrate com-
petence through evidence of training specific to pelvic
floor rehabilitation, including internal assessment and
treatment, before entering this new area of practice.

exerting as much force against the probe as possible
(squeezing it). The therapist must make sure the
patient is #zot holding her breath while performing
the pelvic contraction. The patient performs three
contractions with a 10-second rest between each con-
traction; the therapist records the highest force output
or the average of the three. One advantage of the peri-
neometer over MMT is that duration of contraction
hold can be determined. The reliability of the peri-
neometer is comparable to that of manual muscle
testing. Inter- and intra-rater reliability have been
established.*?

FIGURE 4-49
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SCAPULAR ABDUCTION AND UPWARD ROTATION

(Servatus anterior)
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SCAPULAR ABDUCTION AND UPWARD ROTATION

(Servatus anterior)

Range of Motion

Reliable values not available

Table 5-1 SCAPULAR ABDUCTION AND UPWARD ROTATION

1.D.
128

Muscle Origin

Serratus anterior

curved line)
Intercostal fascia

Aponeurosis of infercostals

Ribs 1-8 and often 9 and 10
(by digitations along a

Insertion

Scapula (ventral surface of vertebral border)

1st digitation (superior angle)

2nd to 4th digitations (costal surface of
entire vertebral border)

Lower 4th or 5th digitations (costal surface of
inferior angle)

INTRODUCTION TO SCAPULAR-
THORACIC MUSCLE TESTING

A primary role of the thoracic-scapular muscles is to
provide stabilization of the scapula so that the scapular-
humeral muscles may work efficiently to produce move-
ment at the glenohumeral joint. Stabilization of upward
rotation of the scapula is a primary consideration when
evaluating function of the shoulder girdle. In the absence
of strong scapular-thoracic muscles, dyskinesia may occur
at the glenohumeral joint such that the scapula may
rotate downward rather than the humerus moving
upward. This in turn decreases the sub-acromial space
contributing to impingement syndromes at the glenohu-
meral joint. External resistance to the upper extremity
that often occurs with lifting activities may exacerbate
this problem. Also, the more elevation of the upper
extremity that is required for the task, the higher the risk
for impingement.

The serratus often is graded incorrectly, perhaps
because the muscle arrangement and the bony move-
ment are unlike those of axial structures. The test proce-
dure is in keeping with known kinesiologic and
pathokinesiologic principles. The scapular muscles,
however, do need further dynamic testing with electro-
myography, magnetic resonance imaging, and other
modern technology before completely reliable functional
diagnoses can be made.

The supine position, although best for isolating the
serratus anterior, is not recommended at any grade
level. The supine position allows too much substitution
that may not be noticeable. Lying supine on the
table gives added stabilization to the scapula so that it
does not “wing” and protraction of the arm may be
performed by the clavicular portion of the pectoralis
minor.

Preliminary Examination

Observation of the scapulae, both at rest and during
active and passive shoulder flexion, is a routine part of
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the test. Examine the patient in the sitting position with
hands in the lap.

Palpate the vertebral borders of both scapulae with
the thumbs; place the web of the thumb below the infe-
rior angle; the fingers extend around the axillary borders
(Figure 5-4).

Specific Elements

Position and symmetry of scapulae: Determine the
position of the scapulae at rest and whether the two sides
are symmetrical, although minor asymmetry is normal.
The normal scapula lies close to the rib cage with the
vertebral border nearly parallel to and from 1 to 3 inches
lateral to the spinous processes. The inferior angle is on
the chest wall. The most prominent abnormal posture of
the scapula is “winging,” in which the vertebral border
tilts away from the rib cage, a sign indicative of serratus

FIGURE 5-4



SCAPULAR ABDUCTION AND UPWARD ROTATION

Preliminary Examination Continued

anterior weakness (Figure 5-5). Other abnormal postures
are abduction and downward rotation of the scapula. If
the inferior angle of the scapula is tilted away from the
rib cage, check for tightness of the pectoralis minor,
weakness of the trapezius, and spinal deformity.
Scapulohumeral rhythm improves the shoulder’s
range of motion and consists of integrated movements
of the glenohumeral, scapulothoracic, acromioclavicular,
and sternoclavicular joints. It occurs in sequential fashion
to allow full functional motion of the shoulder complex.
To complete 180° of shoulder abduction, the overall
ratio of glenohumeral to scapulothoracic motion is 2: 1.

(’llx

FIGURE 5-5
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(Servatus anterior)

Scapular range of motion: Within the total arc of 180°
of shoulder forward flexion and abduction are 120° of
glenohumeral abduction and 60° of scapular rotation.
Glenohumeral and scapular movements occur not as
separate motions, but as synchronous motions through-
out the range.

a. The scapula sits against the thorax (T) during the first
phase of shoulder abduction and flexion to provide
initial stability as the humerus (H) abducts and flexes
to 30°.

b. From 30° to 90° of flexion and abduction, the gle-
nohumeral (G-H) joint contributes another 30° of
motion, whereas the scapula upwardly rotates 30°.
The upward rotation is accompanied by clavicular
elevation through the sternoclavicular and acromio-
clavicular joints (Figure 5-6, A).

c. The second phase (90° to 180°) is made up of 60° of
glenohumeral abduction and flexion and an addi-
tional 30° of scapular upward rotation. The scapular
rotation is associated with 5° of elevation at the ster-
noclavicular joint and 25° of rotation at the acromio-
clavicular joint (Figure 5-6, B).

FIGURE 5-6
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SCAPULAR ABDUCTION AND UPWARD ROTATION

(Servatus anterior)

Preliminary Examination Continued

Passively raise the test arm completely above the head in
forward flexion to determine scapular mobility. The
scapula should start to rotate at about 30°, although
there is considerable individual variation. Scapular rota-
tion continues until about —20° to —30° from full flexion.

Check that the scapula basically remains in its rest
position at ranges of shoulder flexion less than 30° of
forward flexion (the position is variable among subjects).
If the scapula moves a lot as the glenohumeral joint
moves through from 0 to 60°—that is, if in this range
they move as a unit—there is limited glenohumeral
motion. Above 30° and to about 150° or 160° in both
active and passive motion, the scapula moves in concert
with the humerus.

The serratus should always be tested in shoulder
flexion to minimize the synergy with the trapezius.

If the scapular position at rest is normal, ask the
patient to raise the test arm above the head in the sagittal
plane. If the arm can be raised well above 90° (glenohu-
meral muscles must be at least Grade 3 to do this),
observe the direction and amount of scapular motion
that occur. Normally, the scapula rotates forward in a
motion that is controlled by the serratus, and if erratic
or “uncoordinated” motion occurs, the serratus is most
likely weak. The normal amount of motion of the verte-
bral border from the start position is about the breadth
of two fingers (Figure 5-7). If the patient is able to raise
the arm with simultaneous rhythmical scapular upward
rotation, proceed with the test sequence for Grades 5
and 4.

Scapula abnormal position at rest: If the scapula is
positioned abnormally at rest (i.e., downwardly rotated,
abducted, or winging), the patient will not be able to
flex the arm above 90°. Proceed to tests described for
Grades 2, 1, and 0.

The serratus anterior never can be graded higher than
the grade given to shoulder flexion. If the patient has a
weak deltoid, the lever for testing is gone, and the arm
cannot be used to apply resistance.
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FIGURE 5-7

Thoracic spine extension is necessary to achieve full
shoulder flexion. If a person is kyphotic, arm
elevation will be sacrificed and a 10° to 20° deficit
of shoulder flexion will be noted.



SCAPULAR ABDUCTION AND UPWARD ROTATION

Grade 5 (Normal) and Grade 4 (Good)

Position of Patient (All Grades): Short sitting over
end or side of table. Hands on lap.

Position of Therapist: Standing at test side of patient.
Hand giving resistance is on the arm proximal to the
elbow (Figure 5-8). The other hand uses the web space
along with the thumb and index finger to palpate the
edges of the scapula at the inferior angle and along the
vertebral and axillary borders.

Test: Patient raises arm to approximately 130° of flexion
with the elbow extended. (Examiner is reminded that the
arm can be elevated up to 60° without using the serra-
tus.) The scapula should rotate (glenoid facing up) and
abduct without winging.

Instructions to Patient: “Raise your arm forward over
your head. Keep your elbow straight; hold it! Don’t let
me push your arm down.”

Grading

Grade 5 (Normal): Scapula maintains its abducted and
rotated position against maximal resistance given on the
arm just above the elbow in a downward direction.

Grade 4 (Good): Scapular muscles “give” or “yield”
against maximal resistance given on the arm. The gleno-
humeral joint is held rigidly in the presence of a strong
deltoid, but the serratus yields, and the scapula moves in
the direction of adduction and downward rotation.

FIGURE 5-8

(Servatus anterior)

Grade 3 (Fair)

Positions of Patient and Therapist: Same as for Grade
5 test.

Test: Patient raises the arm to approximately 130° of
flexion with the elbow extended (Figure 5-9).

Instructions to Patient: “Raise your arm forward above
your head.”

Grading

Grade 3 (Fair): Scapula moves through full range of
motion without winging but can tolerate no resistance
other than the weight of the arm.

FIGURE 5-9
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SCAPULAR ABDUCTION AND UPWARD ROTATION

(Servatus anterior)

Alternate Test (Grades 5, 4, and 3)

Position of Patient: Short sitting with arm forward
flexed to about 130° and then protracted in that plane
as far as it can move.

Position of Therapist: Standing at test side of patient.
Hand used for resistance grasps the forearm just above
the wrist and gives resistance in a downward and back-
ward direction. The other hand stabilizes the trunk just
below the scapula on the same side; this prevents trunk
rotation.

The examiner should select a spot on the wall or
ceiling that can serve as a target for the patient to reach
toward in line with about 130° of flexion.

Test: Patient abducts and upwardly rotates the scapula
by protracting and elevating the arm to about 130° of
flexion. The patient then holds against maximal
resistance.

Instructions to Patient: “Bring your arm up, and reach
for the target on the wall.”

Grading

Same as for primary test.
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Grade 2 (Poor)

Position of Patient: Short sitting with arm flexed above
90° and supported by examiner.

Position of Therapist: Standing at test side of patient.
One hand supports the patient’s arm at the elbow, main-
taining it above the horizontal (Figure 5-10). The other
hand is placed at the inferior angle of the scapula with
the thumb positioned along the axillary border and the
fingers along the vertebral border (see Figure 5-10).

Test: Therapist monitors scapular motion by using a
light grasp on the scapula at the inferior angle. Therapist
must be sure not to restrict or resist motion. The scapula
is observed to detect winging.

Instructions to Patient: “Hold your arm in this posi-
tion” (i.e., above 90°). “Let it relax. Now hold your arm
up again. Let it relax.”

Grading

Grade 2 (Poor): If the scapula abducts and rotates
upward as the patient attempts to hold the arm in the
elevated position, the weakness is in the glenohumeral
muscles. The serratus is awarded a grade of 2. The ser-
ratus is graded 2— (Poor—) if the scapula does not
smoothly abduct and upwardly rotate without the weight
of the arm or if the scapula moves toward the vertebral
spine.

FIGURE 5-10



SCAPULAR ABDUCTION AND UPWARD ROTATION

Grade 1 (Trace) and Grade 0 (Zero)

Position of Patient: Short sitting with arm forward
flexed to above 90° (supported by therapist).

Position of Therapist: Standing in front of and slightly
to one side of patient. Support the patient’s arm at the
elbow, maintaining it above 90° (Figure 5-11). Use
the other hand to palpate the serratus with the tips of
the fingers just in front of the inferior angle along the
axillary border (see Figure 5-11).

Test: Patient attempts to hold the arm in the test
position.

Instructions to Patient: “Try to hold your arm in this
position.”

FIGURE 5-11

(Servatus anterior)

Alternate Test for Grade 1

Position of Patient: Lying on table with arm forward
flexed to 90° (supported by therapist).

Position of Therapist: Standing to the same side as arm
being tested. Support the patient’s arm at the elbow,
maintaining the arm above 90° (Figure 5-12). Use the
other hand to palpate the serratus with tips of fingers just
in front of the inferior angle along the axillary border.

Test: Patient attempts to hold the arm in the test
position.

Instructions to Patient: “ITry to hold your arm in this
position.”

Grading

Grade 1 (Trace): Muscle contraction is palpable.

Grade 0 (Zervo): No contractile activity.

FIGURE 5-12
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SCAPULAR ELEVATION
(Trapezius, upper fibers)
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SCAPULAR ELEVATION

(Trapezius, upper fibers)

Range of Motion

Reliable data not available

Insertion

Clavicle (posterior border of
lateral 1/3)

Scapula (vertebral border
between superior angle and
root of scapular spine)

See Plate 3

Table 5-2 SCAPULAR ELEVATION
1.D. Muscle Origin
124 Trapezius (upper fibers) Occiput (external
protuberance and superior
nuchal line, medial 1/3)
Ligamentum nuchae
C7 vertebra (spinous process)
127 Levator scapulae C1-C4 vertebrae (fransverse
processes)
Others
125 Rhomboid major See Table 5-3
126 Rhomboid minor See Table 5-5

Grade 5 (Normal) and Grade 4 (Good)

Position of Patient: Short sitting over end or side of
table. Hands relaxed in lap.

Position of Therapist: Standing behind patient. Hands
contoured over top of both shoulders to give resistance
in a downward direction. The therapist’s arms should be
nearly straight, transferring the therapist’s body weight
through the arms to provide enough resistance to this
typically strong muscle.

Test: It is important to examine the patient’s shoulders
and scapula from a posterior view and to note any asym-
metry of shoulder height, muscular bulk, or scapular
winging. This kind of asymmetry is common and can be
caused by carrying purses or briefcases habitually on one
side (Figure 5-16).

Patient elevates (“shrugs”) shoulders. In the sitting
position, the test is almost always performed on both
sides simultaneously.

FIGURE 5-16
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SCAPULAR ELEVATION
(Trapezius, upper fibers)

Grade 5 (Normal) and Grade 4 Grade 3 (Fair)
(Good) Continued

Position of Patient and Therapist: Same as those used
Instructions to Patient: “Shrug your shoulders.” OR  for Grade 5 test except that no resistance is given (Figure
“Raise your shoulders toward your ears. Hold it. Don’t  5-18).
let me push them down.”

Test: Patient elevates shoulders through range of
Gradlng motion.

Grade 5 (Normal): Patient shrugs shoulders through  Instructions to Patient: “Raise your shoulders toward
available range of motion and holds against maximal  your ears.” OR “Shrug your shoulders.”
resistance (Figure 5-17).

. ) Grading
Grade 4 (Good): Patient shrugs shoulders against strong
to moderate resistance. The shoulder muscles may “give” Grade 3 (Fair): Elevates shoulders through range but
at the end point. takes no resistance.
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FIGURE 5-17 FIGURE 5-18
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SCAPULAR ELEVATION

(Trapezius, upper fibers)

Grade 2 (Poor), Grade 1 (Trace), and Grade 0 (Zero)

Position of Patient: Prone or supine, fully supported
on table. If prone, head is turned to one side for patient
comfort (Figure 5-19). If supine, head is in neutral
position.

Position of Therapist: Standing at test side of patient.
Support test shoulder in palm of one hand. The other
hand palpates the upper trapezius near its insertion above
the clavicle. A second site for palpation is the upper tra-
pezius just adjacent to the cervical vertebrae.

Test: With the therapist supporting the shoulder, the
patient elevates the shoulder (usually done unilaterally)
toward the ear.

FIGURE 5-19

Instructions to Patient: “Raise your shoulder toward
your ear.”

Grading

Grade 2 (Poor): Patient completes full range of motion
in gravity-eliminated position.

Grade 1 (Trace): Upper trapezius fibers can be palpated
at clavicle or neck. The levator muscle lies deep and is
more difficult to palpate in the neck (between the sterno-
cleidomastoid and the trapezius). It can be felt at its
insertion on the vertebral border of the scapula superior
to the scapular spine.

e If the patient cannot assume the sitting position for
testing for any reason, the tests for Grade 5 and
Grade 4 in the supine position will be quite inac-
curate. If the Grade 3 test is done in the supine
position, it will require manual resistance because
gravity is neutralized.

e If the prone position is not comfortable, the tests
for Grades 2, 1, and 0 may be performed with the
patient supine, but palpation in such cases will be
less than optimal.

* In the prone position, the turned head offers a
disadvantage. When the face is turned to either
side, there is more trapezius activity and less levator
activity on that side.

e Use the same lever (hand placement for resistance)
in all subsequent scapular testing.
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SCAPULAR ADDUCTION

(Trapezius, middle fibers)
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FIGURE 5-20
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SCAPULAR ADDUCTION

Table 5-3 SCAPULAR ADDUCTION (RETRACTION)

(Trapezius, middle fibers)

Range of Motion

Reliable data not available

1.D. Muscle Origin Insertion
124 Trapezius (middle fibers) T1-TS vertebrae (spinous Scapula (medial acromial
processes) margin and superior lip of

Supraspinous ligaments crest on scapular spine)

125 Rhomboid major T2-T5 vertebrae (spinous processes) Scapula (vertebral border
Supraspinous ligaments between root of spine and

inferior angle)

Others

126 Rhomboid minor See Table 5-5

124 Trapezius (upper and lower) See Tables 5-3, 5-4

127 Levator scapulae See Table 5-2 See Plate 3

Grade 5 (Normal), Grade 4 (Good), and Grade 3 (Fair)

Position of Patient: Prone with shoulder at edge of
table. Shoulder is abducted to 90°. Elbow is flexed to a
right angle (Figure 5-23). Head may be turned to cither
side for comfort.

Position of Therapist: Standing at test side close to
patient’s arm. Stabilize the contralateral scapular area to
prevent trunk rotation. There are two ways to give resis-
tance; one does not require as much strength as the
other.

1. When the posterior deltoid is Grade 3 or better: The

hand for resistance is placed over the distal end of the
humerus, and resistance is directed downward toward
the floor (see Figure 5-23). The wrist also may be
used for a longer lever, but the lever selected should
be maintained consistently throughout the test.

. When the posterior deltoid is Grade 2 or less: Resis-

tance is given in a downward direction (toward floor)
with the hand contoured over the shoulder joint
(Figure 5-24). This placement of resistance requires
less adductor muscle strength by the patient than is
needed in the test described in the preceding
paragraph.

FIGURE 5-23

FIGURE 5-24
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SCAPULAR ADDUCTION

(Trapezius, middle fibers)

Grade 5 (Normal), Grade 4 (Good), and
Grade 3 (Fair) Continued

The fingers of the other hand can palpate the middle
fibers of the trapezius at the spine of the scapula from

the acromion to the vertebral column if necessary (Figure
5-25).

Test: Patient horizontally abducts arm and adducts
scapula.

Instructions to Patient: “Lift your elbow toward the
ceiling. Hold it. Don’t let me push it down.”

Grading

Grade 5 (Normal): Completes available scapular adduc-
tion range and holds end position against maximal
resistance.

Grade 4 (Good): Tolerates moderate

resistance.

strong  to

Grade 3 (Fair): Completes available range but without
manual resistance (see Figure 5-25).

Grade 2 (Poor), Grade 1 (Trace), and
Grade 0 (Zero)

Position of Patient and Therapist: Same as for normal
test except that the therapist uses one hand to cradle
the patient’s shoulder and arm, thus supporting the
arm’s weight (Figure 5-26), and the other hand for
palpation.

Test: Same as that for Grades 5 to 3.

Instruction to Patient: “Try to lift your elbow toward
the ceiling.”

Grading

Grade 2 (Poor): Completes tull range of motion without
the weight of the arm.

Grade 1 (Trace) and Grade 0 (Zevo): A Grade 1 (Trace)
muscle exhibits contractile activity or slight movement.
There will be neither motion nor contractile activity in
the Grade 0 (Zero) muscle.

FIGURE 5-25
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SCAPULAR ADDUCTION

Alternate Test for Grades 5, 4, and 3

Position of Patient: Prone. Place scapula in full adduc-
tion. Arm is in horizontal abduction (90°) with shoulder
externally rotated and elbow fully extended.

Position of Therapist: Standing near shoulder on test
side. Stabilize the opposite scapular region to avoid trunk
rotation. For Grades 5 and 4, give resistance toward the
floor at the distal humerus or at the wrist, maintaining
consistency of location of resistance.

Instructions to Patient: “Keep your shoulder blade
close to the spine. Don’t let me draw it away.”

Test: Patient maintains scapular adduction.

(Trapezius, middle fibers)

® By the rhomboids: The rhomboids can substitute
for the trapezius in adduction of the scapula. They
cannot, however, substitute for the upward rota-
tion component. When substitution by the rhom-
boids occurs, the scapula will adduct and rotate
downward.

® By the posterior deltoid: If the scapular muscles
are absent and the posterior deltoid acts alone,
horizontal abduction occurs at the shoulder joint
but there is no scapular adduction.

When the posterior deltoid muscle is weak, support the
patient’s shoulder with the palm of one hand and allow
the patient’s elbow to flex. Passively move the scapula
into adduction via horizontal abduction of the arm.

Have the patient hold the scapula in adduction as the
examiner slowly releases the shoulder support. Observe
whether the scapula maintains its adducted position. If
it does, it is Grade 3 (Fair).
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SCAPULAR DEPRESSION AND ADDUCTION

(Trapezius, lower fibers)

Trapezius (lower fibers)

XI Accessory
To: Trapezius, lower

FIGURE 5-28

FIGURE 5-27

7

7~ 2

Humerus

Trapezius

FIGURE 5-29 Arrow indicates level of cross section.
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SCAPULAR DEPRESSION AND ADDUCTION

Table 5-4 SCAPULAR DEPRESSION AND ADDUCTION

(Trapezius, lower fibers)

1.D. Muscle Origin

Insertion

Scapula (spine, medial end,
and tubercle at lateral apex
Vi aponeurosis)

Anterior humerus, lower margin
of the intertubercular sulcus

Lateral lip of the intertubercular
sulcus of anterior humerus

124 Trapezius (middle T1-T5 vertebrae (spinous processes)
and lower fibers) Supraspinous ligaments
T6-T12 vertebrae (spinous processes)
Others
130 Latissimus dorsi Spines of the 6 lower thoracic
vertebrae, thoracolumbar fascia,
crest of the ilium, lowest 4 ribs
131 Pectoralis major Sternal half of clavicle, entire
anterior surface of the sternum
129 Pectoralis minor Ribs 3-5, intercostal cartilage

Coracoid process

Grade 5 (Normal) Grade 4 (Good), and Grade 3 (Fair)

Position of Patient: Prone with test arm over head to
about 145° of abduction (in line with the fibers of the
lower trapezius). Forearm is in midposition with the
thumb pointing toward the ceiling. Head may be turned
to either side for comfort.

Position of Therapist: Standing at test side. Hand
giving resistance is contoured over the distal humerus
just proximal to the elbow (Figure 5-30). Resistance will
be given straight downward (toward the floor). For a less
rigorous test, resistance may be given over the axillary
border of the scapula.

Fingertips of the opposite hand palpate (for Grade 3)
below the spine of the scapula and across to the thoracic
vertebrae, following the muscle as it curves down to the
lower thoracic vertebrae.

FIGURE 5-30

Test: Patient raises arm from the table to at least ear
level and holds it strongly against resistance. Alterna-
tively, preposition the arm in elevation diagonally over
the head and ask the patient to hold it strongly against
resistance.

Instructions to Patient: “Raise your arm from the table
as high as possible. Hold it. Don’t let me push it down.”

Grading
Grade 5 (Novmal): Completes available range and

holds it against maximal resistance. This is a strong
muscle.

Grade 4 (Good): Takes strong to moderate resistance.

Grade 3 (Fair): Same procedure is used, but patient
tolerates no manual resistance (Figure 5-31).

FIGURE 5-31
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SCAPULAR DEPRESSION AND ADDUCTION

(Trapezius, lower fibers)

Grade 2 (Poor), Grade 1 (Trace), and Grade 0 (Zero)

Position of Patient: Same as for Grade 5.

Position of Therapist: Standing at test side. Support
patient’s arm under the elbow (Figure 5-32).

Test: Patient attempts to lift the arm from the table. If
the patient is unable to lift the arm because of a weak
posterior and middle deltoid, the examiner should lift
and support the weight of the arm.

Instructions to Patient: “Try to lift your arm from the
table past your ear.”

FIGURE 5-32
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Grading

Grade 2 (Poor): Completes full scapular range of motion
without the weight of the arm.

Grade 1 (Trace): Contractile activity can be palpated in
the triangular area between the root of the spine of the
scapula and the lower thoracic vertebra (T7-T12), that
is, the course of the fibers of the lower trapezius.

Grade 0 (Zevo): No palpable contractile activity.

e If shoulder range of motion is limited in flexion
and abduction, the patient’s arm should be posi-
tioned over the side of the table and supported by
the examiner at its maximal range of elevation as
the start position.

* Examiners are reminded of the test principle that
the same lever arm must be used in sequential
testing (over time) for valid comparison of results.

e If the patient cannot isolate this test or substitutes
away from test position, the grade is 0 (zero).



SCAPULAR ADDUCTION AND DOWNWARD ROTATION

(Rhomboids)

Rhomboid minor

Dorsal scapular n.
To: Rhomboids

Rhomboid
major

FIGURE 5-34

POSTERIOR

FIGURE 5-33

Rhomboid major

FIGURE 5-35 Arrow indicates level of cross section.
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SCAPULAR ADDUCTION AND DOWNWARD ROTATION

(Rhomboids)

Range of Motion
Reliable data not available

Table 5-5 SCAPULAR ADDUCTION AND DOWNWARD ROTATION

Insertion

Scapula (vertebral border between
root of spine and inferior angle)

Scapula (vertebral margin at root
of spine)

1.D. Muscle Origin

125 Rhomboid major T2-T5 vertebrae (spinous processes)
Supraspinous ligaments

126 Rhomboid minor C7-T1 vertebrae (spinous processes)
Ligamentum nuchae (lower)

Other

127 Levator scapulae See Table 5-2

See Plate 3

The test for the rhomboid muscles has become the focus
of some clinical debate. Kendall and co-workers claim,
with good evidence, that these muscles frequently are
underrated; that is, they are too often graded at a level
less than their performance.' At issue also is the confu-
sion that can occur in separating the function of the
rhomboids from those of other scapular or shoulder

muscles, particularly the trapezius and the pectoralis
minor. Because the rhomboids are innervated only by
C5, a test for the rhomboids, correctly conducted, can
confirm or rule out a nerve root lesion at this level. With
these issues in mind, the authors present first their
method and then, with the generous permission of
Mrs. Kendall, her rhomboid test as another method of
assessment.

Grade 5 (Normal), Grade 4 (Good), and Grade 3 (Fair)

Position of Patient: Prone. Head may be turned to
cither side for comfort. Shoulder is internally rotated and
the arm is adducted across the back with the elbow flexed
and hand resting on the back (Figure 5-36).

Position of Therapist: Standing at test side. When the
shoulder extensor muscles are Grade 3 or higher, the
hand used for resistance is placed on the humerus just
above the elbow, and resistance is given in a downward
and outward direction (Figure 5-37).

FIGURE 5-36
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FIGURE 5-37



SCAPULAR ADDUCTION AND DOWNWARD ROTATION

(Rhomboids)

Grade 5 (Normal), Grade 4 (Good), and Grade 3 (Fair) Continued

When the shoulder extensors are weak, place the hand
for resistance along the axillary border of the scapula
(Figure 5-38). Resistance is applied in a downward and
outward direction.

The fingers of the hand used for palpation are placed
deep under the vertebral border of the scapula.

Test: Patient lifts the hand off the back, maintaining the
arm position across the back at the same time the exam-
iner is applying resistance above the elbow. With strong
muscle activity, the therapist’s fingers will “pop” out

from under the edge of the scapular vertebral border (see
Figure 5-36.)

Instructions to Patient: “Lift your hand. Hold it.
Don’t let me push it down.”

FIGURE 5-38

Grading

Grade 5 (Novmal): Completes available range and
holds against maximal resistance (Figure 5-39). The
fingers will “pop out” from under the scapula when
strong rhomboids contract.

Grade 4 (Good): Completes range and holds against
strong to moderate resistance. Fingers usually will “pop

out.”

Grade 3 (Fair): Completes range but tolerates no
manual resistance (Figure 5-40).

FIGURE 5-39

FIGURE 5-40
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SCAPULAR ADDUCTION AND DOWNWARD ROTATION

(Rhomboids)

Grade 2 (Poor), Grade 1 (Trace), and
Grade 0 (Zero)

Position of Patient: Short sitting with shoulder inter-
nally rotated and arm extended and adducted behind
back (Figure 5-41).

Position of Therapist: Standing at test side; support
arm by grasping the wrist. The fingertips of one hand
palpate the muscle under the vertebral border of the
scapula.

Test: Patient attempts to move hand away from back.

Instructions to Patient: “Iry to move your hand away
from your back.”

Grading

Grade 2 (Poor): Completes range of scapular motion.

Grades 1 (Trace) and 0 (Zero): A Grade 1 muscle has
palpable contractile activity. A Grade 0 muscle shows no
response.

FIGURE 5-41
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Alternate Test for Grades 2, 1, and 0

Position of Patient: Prone with shoulder in about 45°
of abduction and elbow at about 90° of flexion with the
hand on the back.

Position of Therapist: Standing at test side; support
arm by cradling it under the shoulder (Figure 5-42).
Fingers used for palpation are placed firmly under the
vertebral border of the scapula.

Test: Patient attempts to lift hand from back.

Instructions to Patient: “Try to lift your hand away
from your back.” OR “Lift your hand toward the ceiling.”

Grading

Grade 2 (Poor): Completes partial range of scapular
motion.

Grades 1 (Trace) and 0 (Zevo): A Grade 1 (Trace)
muscle has some palpable contractile activity. A Grade 0
muscle shows no contractile response.

{\‘\?\ OB
-é:

FIGURE 5-42



SCAPULAR ADDUCTION AND DOWNWARD ROTATION

Alternate Rhomboid Test After Kendall'

As a preliminary to this rhomboid test, the shoulder
adductors should be tested and found sufficiently strong
to allow the arm to be used as a lever.

Position of Patient: Prone with head turned to side of
test. Non-test arm is abducted with elbow flexed.

Test arm is near the edge of the table. Arm (humerus)
is fully adducted and held firm to the side of the trunk
in external rotation and some extension with elbow fully
flexed. In this position the scapula is in adduction, eleva-
tion, and downward rotation (glenoid down).

Position of Therapist: Stand at test side. One hand
used for resistance is cupped around the flexed elbow.
The resistance applied by this hand will be in the direc-
tion of scapular abduction and upward rotation (out and
up; Figure 5-43). The other hand is used to give resis-
tance simultaneously. It is contoured over the shoulder
joint and gives resistance caudally in the direction of
shoulder depression.

Test: Examiner tests the ability of the patient to hold
the scapula in its position of adduction, elevation, and
downward rotation (glenoid down).

Instructions to Patient: “Hold your arm as I have
placed it. Do not let me pull your arm forward.” OR
“Hold the position you are in; keep your shoulder blade
against your spine as I try to pull it away.”

FIGURE 5-43

(Rhomboids)

* Clinical weakness of the rhomboids is a strong
diagnostic test for a subscapular nerve lesion or
muscle tear.” Inability to lift the hand off the small
of the back is diagnostic for a subscapular muscle
tear.

e Using needle electromyography (EMG) on 11
male subjects, Smith and colleagues® found the
posterior deltoid manual muscle test produced the
greatest rhomboid EMG activity of eight manual
muscle tests and 30% greater rhomboid activity
than the muscle test shown in Figure 5-39. The
manual muscle test described in Figure 5-39 pro-
duced greatest EMG activity in the latissimus dorsi
and levator scapula muscles and equal activation in
the middle trapezius, posterior deltoid, and rhom-
boids. The sitting position used in the posterior
deltoid muscle test position described by Smith and
colleagues requires the rhomboids to function as a
scapular rotator and scapular retractor as opposed
to the prone position, which only requires the
rhomboids to act as a scapular retractor.”*

e The Kendall test (see Figure 5-43) demonstrated
greater EMG activity than the rhomboid test shown
in Figure 5-39.°

* When the rhomboid test is performed with the
hand behind the back, never allow the patient to
lead the lifting motion with the elbow because this
will activate the humeral extensors.

Substitution by Middle Trapezius

The middle fibers of the trapezius can substitute for
the adduction component of the rhomboids. The
middle trapezius cannot, however, substitute for the
downward rotation component. When substitution
occurs, the patient’s scapula will adduct with no
downward rotation (no glenoid down occurs). Only
palpation can detect this substitution for sure.
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SCAPULAR DEPRESSION

(Latissimus dorsi, Teres major, Posterior deltoid)

Teres major

Latissimus dorsi

<— Thoracodorsal n.
To: Latissimus dorsi

C6-C8
Subscapular n.
\\=—/ (lower)
To: Teres major
POSTERIOR C5-C6
FIGURE 5-44 FIGURE 5-45
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FIGURE 5-46
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SCAPULAR DEPRESSION

Before describing the test for scapular depression, a few
words about the latissimus dorsi are warranted. This
enormous muscle is anatomically complex and there are
many movements at the humerus, scapula, and pelvis that
require its participation. For example, when the humerus
is fixed, the latissimus dorsi can lift the pelvis, which
occurs during pressure relief in a wheelchair and during
a sliding transfer. When the pelvis is fixed, the latissimus
dorsi acts to depress the humerus and internally rotate,
adduct, and extend the shoulder, particularly from a
position of flexion. Importantly, the latissimus dorsi also
depresses the scapula, which independently contributes
to shoulder stability. The student will find the latissimus
dorsi mentioned in other parts of this chapter as a par-
ticipant in muscle actions in addition to scapular depres-
sion, further supporting the importance and complexity
of this muscle.

The latissimus dorsi is a scapular depressor when the
origin is fixed and a shoulder adductor and internal
rotator when its insertion is fixed. The latissimus dorsi is
included here because it is the prime mover of scapular
depression with more fibers acting as depressors than as
adductors or internal rotation.

Grade 5 (Normal) and Grade 4 (Good)

Test for Latissimus Dorsi

Position of Patient: Prone with head turned to test
side; arms are at sides and shoulder is internally rotated
(palm up). Test shoulder is “hiked” to the level of the
chin.

Position of Therapist: Standing at test side. Grasp
forearm above patient’s wrist with both hands (Figure
5-47).

Test: Patient depresses arm caudally and in so doing
approximates the rib cage to the pelvis.

Instructions to Patient: “Reach toward your feet.
Hold it. Don’t let me push your arm upward toward
your head.”

FIGURE 5-47

(Latissimus dorsi, Teres major, Posterior deltoid)

Grading

Grade 5: Patient completes available range against
maximal resistance. If the therapist is unable to push the
arm upward using both hands for resistance, test the
patient in the sitting position as described in Test 3.

Grade 4: Patient completes available range of motion,
but the shoulder yields at end point against strong
resistance.

Alternate Test for Latissimus Dorsi

Position of Patient: Short sitting, with hands flat on
table adjacent to hips (Figure 5-48).

If the patient’s arms are too short to assume this posi-
tion, provide a push-up block for each hand.

Position of Therapist: Standing behind patient. Fingers
are used to palpate fibers of the latissimus dorsi on the
lateral aspects of the thoracic wall (bilaterally) just above
the waist (see Figure 5-48). (In this test the sternal head
of the pectoralis major is equally active.)

Test: Patient pushes down on hands (or blocks) and lifts
buttocks from table (see Figure 5-48).

Instructions to Patient: “Lift your bottom off the
table.”

Grading
Grade 5: Patient is able to lift buttocks clear of table.

Grade 4: There is no Grade 4 in this sequence because
the prone test (Test 2) determines a grade of less than 5.

FIGURE 5-48
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SCAPULAR DEPRESSION

(Latissimus dorsi, Teres major, Posterior deltoid)

e A person cannot complete a chin-up without tre-

or insertion is fixed. When its origin is fixed, the

mendous participation of the latissimus dorsi. Thus,
a chin-up (forearms supinated) or pull-up (forearms
pronated) may be a more appropriate test for an
active male and a flexed arm hang more appropriate
for a female. The chin-up test is described in
Chapter 8.

It is impossible to isolate the latissimus dorsi muscle
because its action changes when its origin
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latissimus dorsi is a shoulder abductor, shoulder
extender, and internal rotator as well as a scapular
depressor. It also may assist in lateral flexion of the
trunk. When its insertion is fixed, it assists in tilting
the pelvis anteriorly and laterally. When acting bilat-
erally, it may assist in hyperextending the spine and
anteriorly tilting the pelvis. It may also act as an
accessory muscle of respiration.



SCAPULAR DEPRESSION

INTRODUCTION TO SHOULDER
MUSCLE TESTING

Movement at the shoulder girdle is complex in that it is
composed of five distinct joints. The scapulothoracic
joint, the glenohumeral joint, the subacromial joint, the
acromioclavicular joint, and the sternoclavicular joint all
contribute to producing normal movement at the shoul-
der girdle. Deficits in the function in any of the joints
have to be compensated for by the remaining joints. As
more dysfunction occurs in one or more joints, more
compensation is likely to occur to achieve the end result
of upper extremity function. Care needs to be taken
when evaluating each of these joints to ascertain where
movement is occurring and what muscle is responsible
for producing the movement.

Scaption

Scaption is elevation of the shoulder girdle performed in
the resting plane of the scapula. The plane is typically
halfway between the plane of flexion and the plane of
abduction. Although scaption is a very functional move-
ment in that people rarely elevate their shoulder girdle
in the cardinal planes of abduction and flexion, muscle
testing is done in these cardinal planes. If strength testing
in the cardinal planes of flexion and abduction are normal,
the strength for the movement of scaption will also be
normal.

Chapter 5

(Latissimus dorsi, Teres major, Posterior deltoid)

Testing the Supraspinatus

Much controversy exists regarding the diagnosis of
supraspinatus pathology. Two tests used to examine the
supraspinatus muscle are the empty can test (also known
as the Jobe test) and the full can test. In the full can test,
the arm is externally rotated (thumb pointed up); in the
empty can test the arm is internally rotated (thumb
pointed down). In both tests the shoulder is in abduction
but with 30° of flexion included. In a meta-analysis of
physical examination tests of the shoulder,’ the authors
found the Jobe or empty can test had insufficient sensi-
tivity and specificity to be clinically useful in diagnosing
supraspinatus tendonitis or impingement but performed
better in identifying a full-thickness or massive tear, espe-
cially in the presence of weakness in the Jobe test (sen-
sitivity = 41%; specificity = 70%).° Furthermore, the
empty can (thumb pointed down) and full can (thumb
pointed up) positions were not statistically different in
their performance of identifying pathology. Finally, in a
study measuring the moment arm of three positions of
the shoulder (neutral, Jobe, and abducted positions), the
neutral position was found to be the most advantageous
to isolate the supraspinatus, and therefore was recom-
mended as the best position to test the supraspinatus.”
In another study of six male volunteers, the empty and
full can positions were equally effective in activating the
supraspinatus muscle and statistically better than the
horizontal abduction position.®
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CROSS SECTIONS OF ARM MUSCLES IN CHEST
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SHOULDER FLEXION

(Anterior deltoid, Supraspinatus, and Coracobrachinlis*)

Deltoid
(anterior fibers)

Coracobrachialis J

Axillary n.
To: (Deltoid)
C5-C6

Musculocutaneous n.
To: (Coracobrachialis)
C5-C7 —— >

]
]
1)
! FIGURE 5-50
i
'

ANTERIOR
FIGURE 5-49

Humerus

Deltoid

Coracobrachialis

FIGURE 5-51

*The coracobrachialis muscle cannot be isolated, nor is it really palpable. It
has no unique function. It is included here because classically it is considered
a shoulder flexor and adductor.
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SHOULDER FLEXION

(Anterior deltoid, Supraspinatus, and Coracobrachinlis)

Range of Motion
0° t0180°

Table 5-6 SHOULDER FLEXION

1.D. Muscle Origin Insertion
133 Deltoid (anterior) Clavicle (anterior superior border of Humerus (deltoid
lateral 1/3 of shaft) tuberosity on shaft)
135 Supraspinatus Scapula (supraspinous fossa) Humerus (greater
Supraspinatus fascia tubercle, highest facet)

Articular capsule of
glenohumeral joint

139 Coracobrachialis Scapula (coracoid process at apex) Humerus (shaft, medial
surface at middle 1/3)
Others
131 Pectoralis major (upper) See Table 5-4
133 Deltoid (middle) Lateral margin and superior surface Deltoid tuberosity
of the acromion
128 Serratus anterior (via See Table 5-1

upwardly rotating
scapula and preventing
scapular adduction)

Grade 5 (Normal) and Grade 4 (Good)

Position of Patient: Short sitting with arms at sides,  Grading
clbow slightly flexed, forearm pronated.

Grade 5 (Normal): Holds end position (90°) against
Position of Therapist: Stand at test side. Hand giving ~ maximal resistance.
resistance is contoured over the distal humerus just above
the elbow. The other hand may stabilize the shoulder  Grade 4 (Good): Holds end position against strong to
(Figure 5-52). moderate resistance.

Test: Patient flexes shoulder to 90° without rotation or
horizontal movement (see Figure 5-52). The scapula
should be allowed to abduct and upwardly rotate.

Instructions to Patient: “Raise your arm forward
to shoulder height. Hold it. Don’t let me push it
down.”

FIGURE 5-52
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SHOULDER FLEXION

(Anterior deltoid, Supraspinatus, and Coracobrachinlis)

Grade 3 (Fair) Grade 2 (Poor), Grade 1 (Trace), and
Grade 0 (Zero)
Position of Patient: Short sitting, arm at side with
clbow slightly flexed and forearm pronated. Position of Patient: Short sitting with arm at side and
clbow slightly flexed.
Position of Therapist: Stand at test side.
Position of Therapist: Stand at test side. Fingers used
Test: Patient flexes shoulder to 90° (Figure 5-53). for palpation are placed over the superior and anterior
surfaces of the deltoid over the shoulder joint (Figure
Instructions to Patient: “Raise your arm forward to  5-54).
shoulder height.”
Test: Patient attempts to flex shoulder to 90°.
Grading .
Instructions to Patient: “Try to raise your arm.”
Grade 3 (Fair): Completes test range (90°) but toler-
ates no resistance. Grading

Grade 2 (Poor): Completes partial range of motion
since this is against gravity.

Grade 1 (Trace): Examiner feels or sees contractile
activity in the anterior deltoid, but no motion occurs.

Grade 0 (Zero): No contractile activity.

)

A
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—

FIGURE 5-53 FIGURE 5-54
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SHOULDER FLEXION

(Anterior deltoid, Supraspinatus, and Coracobrachinlis)

If for any reason the patient is unable to sit, the test can e Although the coracobrachialis is a minor contribu-
be conducted in the side-lying position (test side up). In tor to shoulder flexion, it is deep-lying and may be
this posture, the examiner cradles the test arm at the difficult or impossible to palpate within a reason-
elbow before asking the patient to flex the shoulder. For able range of comfort for the patient.

Grade 2 (Poor), the patient must complete full range of e The supraspinatus initiates shoulder flexion with
motion. the anterior deltoid.”'® This action may help

explain the difficulty patients with a massive tear of

the rotator cuff have in initiating flexion.

m e The supraspinatus has a role as a hl})lmeral head

® In the absence of'a deltoid, the patient may attempt depressor during shoulder flexion.
to flex the shoulder with the biceps brachii by first
externally rotating the shoulder (Figure 5-55). To
avoid this, the arm should be kept in the midposi-
tion between internal and external rotation.

¢ Attempted substitution by the upper trapezius
results in shoulder elevation.

® Attempted substitution by the pectoralis major
results in horizontal adduction. It should be noted
that substitution by the pectoralis major as a shoul-
der flexor can only occur up to about 70°.

® The patient may lean backward or try to elevate
the shoulder girdle to assist in flexion.

FIGURE 5-55
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SHOULDER EXTENSION

(Posterior deltoid)

Deltoid
(posterior fibers)

Axillary n.
To: Deltoid
C5-C6

i

A
1)
\|

FIGURE 5-57

LATERAL
FIGURE 5-56

Humerus

Deltoid
©

Scapula

FIGURE 5-58 Arrow indicates level of cross section.
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SHOULDER EXTENSION
(Posterior deltoid)

Range of Motion

0° to 45° (up to 60°)

Table 5-7 SHOULDER EXTENSION

1.D. Muscle Origin Insertion
130 Latissimus dorsi T6-T12, L1-L5, and sacral vertebrae (spinous Humerus (interfubercular sulcus,
processes) floor)
Supraspinous ligaments Deep fascia of arm
Ribs 9-12 (by slips interdigitating with
obliquus abdominis externus)
llium (crest, posterior)
Thoracolumbar fascia
133 Deltoid (posterior) Scapula (spine on lower lip of lateral and Humerus (deltoid tuberosity on
posterior borders) midshaft via humeral tendon)
138 Teres major Scapula (dorsal surface of inferior angle) Humerus (intertubercular sulcus,
medial lip)
Other
142 Triceps brachii
(long head)

Grade 5 (Normal) and Grade 4 (Good)

Position of Patient: Prone with arms at sides and  Test: Patient raises arm off the table, keeping the elbow

shoulder internally rotated (palm up) (Figure 5-59).

Position of Therapist: Standing at test side. Hand used
for resistance is contoured over the posterior arm just
above the elbow.

straight (Figure 5-60).

Instructions to Patient: “Lift your arm as high as you
can. Hold it. Don’t let me push it down.”

Grading

Grade 5 (Novmal): Completes available range and
holds against maximal resistance.

Grade 4 (Good): Completes available range but yields
against strong resistance.

FIGURE 5-59
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FIGURE 5-60



SHOULDER EXTENSION

Shoulder Extension Grade 3 (Fair) and
Grade 2 (Poor)

Position of Patient: Prone with head turned to one
side. Arms at sides; test arm is internally rotated (palm
up) (Figure 5-61).

Position of Therapist: Stand at test side.

Test: Patient raises arm off table (see Figure 5-61).

Instructions to Patient: “Lift your arm as high as you
can.”

Grading

Grade 3 (Fair): Completes available range of motion
with no manual resistance.

Grade 2 (Poor): Completes partial range of motion.

(Posterior deltoid)

Grade 1 (Trace) and Grade 0 (Zero)

Position of Patient: Prone with arms at sides and
shoulder internally rotated (palm up).

Position of Therapist: Standing at test side. Fingers for
palpation are placed on the posterior aspect of the upper
arm (posterior deltoid) (Figure 5-62).

Palpate over the posterior shoulder just superior to
the axilla for posterior deltoid fibers. Palpate the teres
major on the lateral border of the scapula just below the
axilla. The teres major is the lower of the two muscles
that enter the axilla at this point; it forms the lower
posterior rim of the axilla.

Test and Instructions to Patient: Patient attempts to
lift arm from table on request.

Grading

Grade 1 (Trace): Palpable contractile activity in any of
the participating muscles but no movement of the
shoulder.

Grade 0 (Zero): No contractile response in participating
muscles.

FIGURE 5-61

FIGURE 5-62
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SHOULDER ABDUCTION

(Middle deltoid and Supraspinatus)

Deltoid
(middle fibers)

Suprascapular n.
To: Supraspinatus
C5-C6

Supraspinatus

Axillary n.
To: Deltoid
C5-C6

FIGURE 5-65

LATERAL LATERAL
FIGURE 5-63 FIGURE 5-64
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Humerus

Deltoid

Scapula

FIGURE 5-66 Arrow indicates level of cross section.
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SHOULDER ABDUCTION

Table 5-8 SHOULDER ABDUCTION

(Middle deltoid and Supraspinatus)

Range of Motion

0° to 180°

1.D. Muscle
133 Deltoid (middle fibers)

Origin

135 Supraspinatus

Scapula (acromion, lateral
margin, superior surface,
and crest of spine)

Scapula (supraspinous
fossa, medial 2/3)
Supraspinatus fascia

Insertion
Humerus (deltoid tuberosity on shaft via
humeral tendon)

Humerus (greater tubercle, highest facet)
Articular capsule of glenohumeral joint

Grade 5 (Normal), Grade 4 (Good), and Grade 3 (Fair)

Preliminary Evaluation: Examiner should check for
full range of shoulder motion in all planes and should
observe scapula for stability and smoothness of move-
ment. (Refer to test for scapular abduction and upward
rotation; see Figure 5-7).

Position of Patient: Short sitting with arm at side and
elbow slightly flexed.

Position of Therapist: Standing behind patient. Hand
giving resistance is contoured over arm just above elbow
(Figure 5-67).

Test: Patient abducts arm to 90°.

FIGURE 5-67

Instructions to Patient: “Lift your arm out to the side
to shoulder level. Hold it. Don’t let me push it down.”

Grading

Grade 5 (Normal): Holds end test position against
maximal downward resistance.

Grade 4 (Good): Holds end test position against strong
to moderate downward resistance.

Grade 3 (Fair): Completes range of motion to 90° with
no manual resistance (Figure 5-68).

)/
(
\

FIGURE 5-68
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SHOULDER ABDUCTION

(Middle deltoid and Supraspinatus)

Grade 2 (Poor)

Position of Patient: Short sitting with arm at side and
slight elbow flexion.

Position of Therapist: Standing behind patient to
palpate muscles on test side. Palpate the deltoid (Figure
5-69) lateral to the acromial process on the superior
aspect of the shoulder. The supraspinatus can be palpated
by placing the fingers deep under the trapezius in the
supraspinous fossa of the scapula.

Test: Patient attempts to abduct arm.

Instructions to Patient: “Iry to lift your arm out to
the side.”

FIGURE 5-69
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Alternate Test for Grade 2

Position of Patient: Supine. Arm at side supported on
table (Figure 5-70).

Position of Therapist: Standing at test side of patient
(therapist is shown on opposite side of test in figure to
clearly illustrate test procedure). Hand used for palpation
is positioned as described for Grade 2 test.

Test: Patient attempts to abduct shoulder by sliding arm
on table without rotating it (see Figure 5-70).

Instructions to Patient: “Take your arm out to the
side.”

Grading

Grade 2 (Poor): Completes partial range of motion for
sitting test and full range for supine test.

FIGURE 5-70



SHOULDER ABDUCTION

Grade 1 (Trace) and Grade 0 (Zero)

Position of Patient: Short sitting.

Position of Therapist: Standing behind and to the side
of patient. Therapist cradles test arm with the shoulder
in about 90° of abduction, providing limb support at the
clbow (Figure 5-71).

Test: Patient tries to maintain the arm in abduction.

Instructions to Patient: “Try to hold your arm in this
position.”

FIGURE 5-71

(Middle deltoid and Supraspinatus)

Alternate Test for Grade 1
and Grade 0 (Supine)

Position of Patient: Supine with arm at side and elbow
slightly flexed.

Position of Therapist: Standing at side of table at a
place where the deltoid can be reached. Palpate the
deltoid on the lateral surface of the upper one third of
the arm (Figure 5-72).

Grading

Grade 1 (Trace): Palpable or visible contraction of
deltoid with no movement.

Grade 0 (Zero): No contractile activity.

FIGURE 5-72
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SHOULDER ABDUCTION
(Middle deltoid and Supraspinatus)

When a patient uses the biceps to substitute, the e Turning the face to the opposite side and extend-
shoulder will externally rotate and the elbow will flex. ing the neck will put the trapezius on slack and
The arm will be raised but not by the action of the make the supraspinatus more accessible for
abductor muscles. To avoid this substitution begin palpation.

the test with the arm in a few degrees of elbow e The deltoid and supraspinatus work in tandem;
flexion, but do not allow active contraction of the when one is active in abduction, the other also will
biceps during the test. be active. Only when supraspinatus weakness is

suspected is it necessary to palpate.

* Do not allow shoulder elevation or lateral flexion
of the trunk to the opposite side because these
movements can create an illusion of abduction.

° The tendon of the supraspinatus is most frequently
injured of all the rotator cuff muscles because of'its
vulnerable position between the humeral head and
acromion.’

e The supraspinatus is activated first when the patient
abducts the arm from a neutral position of hanging
at the side.'” It functions to prevent the deltoid
from superiorly translating the humeral head during
abduction."

e Peak activation of the supraspinatus is at 90°, which
corresponds with the largest shoulder joint com-
pressive loads when the forces of gravity are the
greatest.'’

e If the shoulder is painful in abduction, especially
with lifting, then the resisted external rotation exer-
cise is a good substitute exercise.'>"?
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SHOULDER HORIZONTAL ABDUCTION

Deltoid (posterior fibers)

To: Deltoid
C5-C6

POSTERIOR

FIGURE 5-73

Table 5-9 SHOULDER HORIZONTAL ABDUCTION

Axillary n.

(Posterior deltoid)

FIGURE 5-74

Range of Motion

When starting from a position
of 90° of forward flexion: 0° to
Q0° (range, 90°)

When starting with the arm in
full horizontal adduction: —-40°
to 90° (range, 130°)

1.D. Muscle Origin

133 Deltoid (posterior fibers) Scapula (spine on lower lip of
crest)

Others

136 Infraspinatus

137 Teres minor

Insertion

Humerus (delfoid tuberosity via
humeral tendon)
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SHOULDER HORIZONTAL ABDUCTION

(Posterior deltoid)

Grade 5 (Normal), Grade 4 (Good), and Grade 3 (Fair)

Position of Patient: Prone. Shoulder abducted to 90°
and forearm off edge of table with elbow straight.

Position of Therapist: Standing at test side. Hand
giving resistance is contoured over posterior arm just
above the elbow (Figure 5-75).

Test: Patient horizontally abducts shoulder against
maximal resistance.

Instructions to Patient: “Lift your elbow up toward
the ceiling. Hold it. Don’t let me push it down.”

Grading

Grade 5 (Normal): Completes range and holds end
position against maximal resistance.

Grade 4 (Good): Completes range and holds end posi-
tion against strong to moderate resistance.

Grade 3 (Fair): Completes range of motion with no
manual resistance (Figure 5-76). Note the elbow can be
flexed for a Grade 3 (Fair).

FIGURE 5-75
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FIGURE 5-76



SHOULDER HORIZONTAL ABDUCTION

Grade 2 (Poor), Grade 1 (Trace),
Grade 0 (Zero)

Position of Patient: Sitting over end or side of table.

Position of Therapist: Standing at test side. Support
forearm under distal surface (Figure 5-77) and palpate
over the posterior surface of the shoulder just superior
to the axilla.

Test: Patient attempts to horizontally abduct the
shoulder.

Instructions to Patient: “Try to move your arm
backward.”

FIGURE 5-77

If the scapular muscles are weak, the examiner must
manually stabilize the scapula to avoid scapular
abduction.

(Posterior deltoid)

Alternate Test for Grades 2, 1, and 0

Position of Patient: Short sitting with arm supported
on table (smooth surface) in 90° of abduction; elbow
partially flexed.

Position of Therapist: Stand behind patient. Stabilize
by contouring one hand over the superior aspect of the
shoulder and the other over the scapula (Figure 5-78).
Palpate the fibers of the posterior deltoid below and
lateral to the spine of the scapula and on the posterior
aspect of the proximal arm adjacent to the axilla.

Test: Patient slides (or tries to move) the arm across the
table in horizontal abduction.

Instructions to Patient: “Slide your arm backward.”
Grading

Grade 2 (Poor): Moves through full range of motion.
Grade 1 (Trace): Palpable contraction; no motion.

Grade 0 (Zero): No contractile activity.

FIGURE 5-78

Substitution by Triceps Brachii (Long Head)

Maintain the elbow in flexion to avoid substitution
by the long head of the triceps.
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SHOULDER HORIZONTAL ADDUCTION

(Pectoralis major)

Pectoralis major

FIGURE 5-79

Lateral pectoral n.
To: Pectoralis major

(Clavicular part)

C5-C6

T

Medial pectoral n.
To: Pectoralis major
(Sternocostal part)
C6-T1

FIGURE 5-80

Pectoralis major

FIGURE 5-81 Arrow indicates level of cross section.
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SHOULDER HORIZONTAL ADDUCTION

Table 5-10 SHOULDER HORIZONTAL ADDUCTION

(Pectoralis major)

Range of Motion

0° to 130°

When starting from a position
of 90° of forward flexion: 0° to
—-40° (range, 40°)

When starting with the arm in
full horizontal abduction: 0°
passing across the midline to
—-40° (range, 130°)

1.D. Muscle Origin
131 Pectoralis major See Table 5-4
Clavicular part
surface)
Sternal part
abdominis
Other
133 Deltoid (anterior fibers) See Table 5-6

Clavicle (sternal half of anterior

Sternum (anterior surface down to rib 6)
Ribs 2-7 (costal cartilages)
Aponeurosis of obliquus externus

Insertion

Humerus (intertubercular
sulcus, lateral lip)

Both parts converge on
a bilaminar common
tendon

Preliminary Examination

The examiner begins with the patient supine and checks
the range of motion and then tests both heads of the
pectoralis major simultanecously. The patient is asked to
move the arm in horizontal adduction, keeping it parallel
to the floor without rotation.

If the arm moves across the body in a diagonal motion,
test the sternal and clavicular heads of the muscle sepa-
rately. Testing both heads of the pectoralis major sepa-
rately should be routine in any patient with cervical spinal
cord injury because of their different nerve root
innervation.

Grade 5 (Normal) and Grade 4 (Good)

Position of Patient:

Whole Muscle: Supine. Shoulder abducted to 90°; elbow
flexed to 90°.

Clavicular Head: Patient begins test with shoulder in
60° of abduction with elbow flexed. Patient then is asked
to horizontally adduct the shoulder in a slightly upward
diagonal direction.

Sternal Head: Patient begins test with shoulder in about
120° of abduction with elbow flexed. Patient is asked to
horizontally adduct the shoulder in a slightly downward
diagonal direction.
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SHOULDER HORIZONTAL ADDUCTION

(Pectoralis major)

Grade 5 (Normal) and Grade 4 (Good) Continued

Position of Therapist: Standing at side of shoulder to
be tested. Hand used for resistance is contoured around
upper arm, just proximal to elbow. The other hand is
used to check the activity of the pectoralis major on the
upper aspect of the chest just medial to the shoulder joint
(Figure 5-82). Palpation is not needed in a Grade 5 test,
but it is prudent to assess activity if the muscle being
tested is less than Grade 5.

Palpate the clavicular fibers of the pectoralis major up
under the medial half of the clavicle (Figure 5-83).
Palpate the sternal fibers on the chest wall at the lower
anterior border of the axilla.

FIGURE 5-82

1 |

FIGURE 5-83
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Test: When the whole muscle is tested, the patient hori-
zontally adducts the shoulder through the available range
of motion.

To test the clavicular head, the patient’s motion
begins at 60° of abduction and moves up and in across
the body. The examiner applies resistance above the
elbow in a downward direction (toward floor) and
outward (i.e., opposite to the direction of the fibers of
the clavicular head, which moves the arm diagonally up
and inward) (Figure 5-84).

FIGURE 5-84



SHOULDER HORIZONTAL ADDUCTION

Grade 5 (Normal) and
Grade 4 (Good) Continued

To test the sternal head, the motion begins at 120° of
shoulder abduction and moves diagonally down and in
toward the patient’s opposite hip. Resistance is given
above the elbow in an up and outward direction (Figure
5-85) (i.e., opposite to the motion of the sternal head,
which is diagonally down and inward).

Instructions to Patient:

Both Heads: “Move your arm across your chest. Hold
it. Don’t let me pull it back.”

Clavicular Head: “Move your arm up and in.”
Sternal Head: “Move your arm down and in.”

Grading

Grade 5 (Normal): Completes range of motion and
takes maximal resistance.

Grade 4 (Good): Completes range of motion and takes
strong to moderate resistance, but muscle exhibits some
“give” at end of range.

FIGURE 5-85

(Pectoralis major)

Grade 3 (Fair)

Position of Patient: Supine. Shoulder at 90° of abduc-
tion and elbow at 90° of flexion.

Position of Therapist: Same as for Grade 5.

Test:

Both Heads: Patient horizontally adducts extremity
across chest in a straight pattern with no diagonal motion

(Figure 5-80).

Clavicular Head: Direction of motion by the patient is
diagonally up and inward.

Sternal Head: Direction of motion is diagonally down
and inward.

Instructions to Patient: Same as for the Grade 5 test,
but no resistance is offered.

Grading

Grade 3 (Fair): Patient completes available range of
motion in all three tests with no resistance other than
the weight of the extremity.

FIGURE 5-86
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SHOULDER HORIZONTAL ADDUCTION

(Pectoralis major)

Grade 2 (Poor), Grade 1 (Trace), and Grade 0 (Zero)

Position of Patient: Supine. Arm is supported in 90°
of abduction with elbow flexed to 90°.

Alternate Position: Patient is seated with test arm sup-
ported on table (at level of axilla) with arm in 90° of
abduction midway between flexion and extension and
clbow slightly flexed (Figure 5-87). Friction of the table
surface should be minimized (as with a powder board).

FIGURE 5-87
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Position of Therapist: Standing at side of shoulder to
be tested or behind the seated patient. When the patient
is supine, support the full length of the forearm and hold
the limb at the wrist (see Figure 5-84).

For both tests palpate the pectoralis major muscle on
the anterior aspect of the chest medial to the shoulder
joint (see Figure 5-82.)

Test: Patient attempts to horizontally adduct the shoul-
der. The use of the alternate test position, in which the
arm moves across the table, precludes individual testing
for the two heads.

Instructions to Patient: “Try to move your arm across
your chest.” In seated position: “Move your arm
forward.”

Grading

Grade 2 (Poor): Patient horizontally adducts shoulder
through available range of motion with the weight of the
arm supported by the examiner or the table.

Grade 1 (Trace): Palpable contractile activity.

Grade 0 (Zervo): No contractile activity.

For grades 5 (normal) and 4 (good), This test requires
resistance on the forearm, which in turn requires that
the elbow flexors be strong. If they are weak, provide
resistance on the arm just proximal to the elbow.



SHOULDER EXTERNAL ROTATION

(Infraspinatus and Teves minor)

Suprascapular n.
To: Infraspinatus
C5-C6

C5

Cé6

Infraspinatus c7
Axillary n.
To: Teres minor

C5-Cé C8

T1

FIGURE 5-89

Teres minor

DORSAL

FIGURE 5-88

Infraspinatus

FIGURE 5-90 Arrow indicates level of cross section.
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SHOULDER EXTERNAL ROTATION

(Infraspinatus and Teves minor)

Range of Motion

0° to 60°

(In the literature, range varies
between 0° and 90°. Range
also varies with elevation of
arm.)

Table 5-11 SHOULDER EXTERNAL ROTATION

1.D. Muscle Origin

Insertion

Humerus (greater tubercle, middle facet)

Humerus (greater tubercle, lowest facet)
Humerus (shaft, distal to lowest facet)
Capsule of glenohumeral joint

136 Infraspinatus Scapula (infraspinous fossa,
medial 2/3)
Infraspinous fascia
137 Teres minor Scapula (lateral border,
superior 2/3)
Other
133 Deltoid (posterior) Lower edge of the crest of

Deltoid tuberosity

the spine of the scapula

Grade 5 (Normal), Grade 4 (Good), and Grade 3 (Fair)

Position of Patient: Prone with head turned toward
test side. Shoulder abducted to 90° with arm fully sup-
ported on table; forearm hanging vertically over edge of
table. Place a folded towel under the arm at the edge of
the table if it has a sharp edge (Figure 5-91).

Position of Therapist: Standing at test side at level of
patient’s waist (see Figure 5-91). One hand is used to
give resistance over the forearm, as near the wrist as pos-
sible, for Grades 5 and 4. The other hand supports the
clbow to provide some counter-pressure at the end of
the range.

Test: Patient moves forearm upward through the range
of external rotation.

FIGURE 5-91
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Instructions to Patient: “Raise your arm to the level
of the table. Hold it. Don’t let me push it down.” Thera-
pist may need to demonstrate the desired motion.

Grading

Grade 5 (Normal): Completes available range of motion
and holds firmly against resistance.

Grade 4 (Good): Completes available range, but the
muscle at end range yields or gives way.

Grade 3 (Fair): Completes available range of motion
but is unable to take any manual resistance (Figure 5-92).

FIGURE 5-92



SHOULDER EXTERNAL ROTATION

Alternate Position for Grade 3

Short sitting with elbow flexed to 90°. The therapist
supports the patient’s flexed elbow while the patient
moves the forearm away from the body. Note the hand
is eliminating friction (Figure 5-93).

FIGURE 5-93

(Infraspinatus and Teres minor)

Alternate Position for Grades 4 and 5

Short sitting, with elbow flexed to 90°. The therapist
stabilizes the elbow while the other hand provides resis-
tance at the dorsal (extensor) surface of the forearm, just
proximal to the wrist (Figure 5-94). The amount of
resistance tolerated in this position may be much greater
for Grades 5 and 4. Note: it is more difficult to isolate
the external rotators in this position.

Test: Patient internally rotates arm, pushing forearm
away from patient’s abdomen.

Instructions to Patient: “Push your forearm away from
your stomach.”

FIGURE 5-94
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SHOULDER EXTERNAL ROTATION

(Infraspinatus and Teves minor)

Grade 2 (Poor), Grade 1 (Trace), and Grade 0 (Zero)

The test for Grade 2 and below is done in a short sitting
position, with the shoulder in a neutral position and with
gravity eliminated. Visualization is maximized in this
position (Figure 5-95).

Position of Patient: Short sitting with elbow flexed to
90° and forearm in neutral rotation with hand facing
forward.

Position of Therapist: Standing or sitting on a low
stool at test side of patient at shoulder level. One hand
stabilizes the outside of the flexed elbow while the other
hand palpates for the tendon of the infraspinatus over
the body of the scapula below the spine in the infraspi-
nous fossa. Palpate the teres minor on the inferior margin
of the axilla and along the axillary border of the scapula
(Figure 5-96).

Test: Patient attempts to move forearm away from the
stomach (see Figure 5-96).

Instructions to Patient: “ITry to push your forearm
away from your stomach.”

Grading

Grade 2 (Poor): Completes available range in this
gravity-eliminated position.

Grade 1 (Trace): Palpation of either or both muscles
reveals contractile activity but no motion.

Grade 0 (Zero): No palpable or visible activity.

FIGURE 5-95

FIGURE 5-96

e Resistance in tests of shoulder rotation should be
administered gradually and carefully because of the
inherent instability of the shoulder and in the pres-
ence of pain, muscle tears, or instability.

e The therapist must be careful to discern whether
supination occurs instead of the requested external
rotation during the testing of Grade 2 and Grade 1
muscles because this motion can be mistaken for
lateral rotation.

e Eliminating gravity for the Grade 2 test can be done
by supporting the patient’s forearm (see Figure
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5-96) or by using a table to support the forearm. If
using the table, the therapist should support the
hand so as to eliminate friction (see Figure 5-95).

e Testing rotation in the supine position necessitates
the greatest force at the beginning of the movement
to overcome the largest gravitational moment arm
at the beginning of the movement. Supine testing
also provides a stabilizing effect on the scapula since
the patient’s body weight “pins” the scapula to the
table.



SHOULDER INTERNAL ROTATION

(Subscapularis)
C5
Lateral pectoral n.
To: (Pectoralis major)
(Clavicular) Cé
C5-C6

Subscapularis

T1

Medial pectoral n.
To: (Pectoralis major

[Sternocostal])

C6-T1
Subscapular n.
(lower, upper)

To: (Subscapularis) Thoracodorsal
C5-C6 To: (Latissimus dorsi)
C6-C8
FIGURE 5-98

ANTERIOR

FIGURE 5-97

vertebra

Subscapularis

FIGURE 5-99 Arrow indicates level of cross section.
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SHOULDER INTERNAL ROTATION

(Subscapularis)

Range of Motion

0° to 80°

(In the literature, range varies
from 0° to 45° and fo as high
as 90°. Range also varies with
elevation of arm.)

Table 5-12 SHOULDER INTERNAL ROTATION

1.D. Muscle Origin Insertion
134 Subscapularis Scapula (fills fossa on costal surface) Humerus (lesser tubercle)
Intermuscular septa Capsule of glenohumeral
Aponeurosis of subscapularis joint (anterior)
131 Pectoralis major Sternal half of clavicle, entire anterior Lateral lip of the
surface of the sternum intertubbercular sulcus
of anterior humerus
Clavicular part Clavicle (sternal half of anterior surface) Humerus (intertubercular
sulcus, lateral lip)
Sternal part Sternum (anterior surface down to rib 6) Both parts converge on a
Ribs 2-7 (costal cartilages) bilaminar common
Aponeurosis of obliquus externus abdominis tfendon
130 Latissimus dorsi T6-T12, L1-L5, and sacral vertebrae (spinous Humerus (floor of
processes) infertubercular sulcus)
Supraspinous ligaments Deep fascia of arm

Ribs 9-12 (by slips which interdigitate with
obliquus externus abdominus)

llium (crest, posterior)

Thoracolumbar fascia

138 Teres major Scapula (dorsal surface of inferior angle) Humerus (intertubercular
sulcus, medial lip)

Other

133 Deltoid (anterior) See Table 5-6
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SHOULDER INTERNAL ROTATION

(Subscapularis)

Grade 5 (Normal), Grade 4 (Good), and Grade 3 (Fair)

Position of Patient: Prone with head turned toward
test side. Shoulder is abducted to 90° with folded towel
placed under distal arm and forearm hanging vertically
over edge of table.

Position of Therapist: Standing at test side. Hand
giving resistance is placed on the volar side of the forearm
just above the wrist. The other hand provides counter-
force at the elbow (Figure 5-100). The resistance hand
applies resistance in a downward and forward direction;
the counterforce is applied backward and slightly upward.
Stabilize the scapular region if muscles are weak or
perform test in the supine position.

Test: Patient moves arm through available range of
internal rotation (backward and upward).

FIGURE 5-100

Instructions to Patient: “Move your forearm up and
back. Hold it. Don’t let me push it down.” Demonstrate
the desired motion to the patient.

Grading

Grade 5 (Normal): Completes available range and
holds firmly against strong resistance.

Grade 4 (Good): Completes available range, but there is
a “spongy” feeling against strong resistance.

Grade 3 (Fair): Completes available range with no
manual resistance (Figure 5-101).

FIGURE 5-101
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SHOULDER INTERNAL ROTATION

(Subscapularis)

Alternate Test for Grades 4 and 5

Sitting with elbow flexed to 90°. The therapist stabilizes
the inside of the elbow while the other hand provides
resistance at the volar (flexor) surface of the forearm, just
proximal to the wrist (Figure 5-102). The amount of
resistance tolerated in this position may be much greater
for Grades 5 and 4.

Test: Patient internally rotates arm, pulling forearm
toward abdomen.

Instructions to Patient: “Pull your forearm toward
your stomach.”

FIGURE 5-102
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Grade 2 (Poor), Grade 1 (Trace), and
Grade 0 (Zero)

The test for grade 2 and below is done in a sitting posi-
tion, with the shoulder in a neutral position and with
gravity eliminated. Visualization is maximized in this
position.

Position of Patient: Short sitting with elbow flexed and
forearm in neutral rotation.



SHOULDER INTERNAL ROTATION

(Subscapularis)

Grade 2 (Poor), Grade 1 (Trace), and Grade 0 (Zero) Continued

Position of Therapist: Standing at test side or sitting
on low stool. One hand stabilizes the forearm while the
other hand palpates for the tendon of the subscapularis,
deep in the axilla (Figure 5-103). Note: The hand of the
examiner under the patient’s hand will eliminate friction
in the Grade 2 test if a flat surface is being used (Figure
5-104).

FIGURE 5-104

Test: Patient attempts to internally rotate arm, pulling
forearm toward abdomen.

Instructions to Patient: “Try to pull your forearm
toward your stomach.”

Grading
Grade 2 (Poor): Completes available range.

Grade 1 (Trace): Palpable contraction occurs.

Grade 0 (Zero): No palpable contraction.

e Internal rotation is a stronger motion than external
rotation. This is largely a factor of muscle mass.

® The subscapularis is important for anterior shoul-
der stability.'*

e The muscle test for the subscapularis muscle is very
similar to the clinical diagnostic test for subscapu-
laris tears. Cleland describes the lift-oft test with
the patient sitting and the arm internally rotated
behind the back. The test asks the patient to lift
the arm off the back.?

e The Belly Press test'® is an alternative test to the
lift-off test, useful when pain or limited motion
prevents the shoulder from getting into the posi-
tion described by Cleland in the lift-off test.'® It is
performed in sitting or standing position with the
palm of the hand placed against the belly, just
below the level of the xiphoid process. The patient
is instructed to maximally push the hand into the
belly by internally rotating the shoulder. A positive
test is indicated when the patient drops the elbow
toward the torso (shoulder adduction and exten-
sion), indicating an inability to internally rotate the
shoulder.

e Dain at the shoulder joint from a subscapularis ten-
donitis or partial subscapularis tendon tear may
limit the ability to strongly resist internal rotation.
Limited range may also prohibit the patient from
assuming the position. In these cases, a sitting posi-
tion is used.
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ELBOW FLEXION

(Biceps, Brachialis, and Brachioradialis)

Biceps brachii

Brachialis

Brachioradialis

FIGURE 5-107
ANTERIOR
FIGURE 5-105

FIGURE 5-106

C5

Cé

) C7 Musculocutaneous
Musculocutaneous n. newe
To: Biceps brachii and Biceps Radial nerve

Brachialis
C5-C6

~.

Radial n.
To: Brachioradialis
C5-C6

FIGURE 5-108
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brachii S |
FS

Brachioradialis

Humerus

FIGURE 5-109 Arrow indicates level of cross section.



ELBOW FLEXION

Table 5-13 ELBOW FLEXION

(Biceps, Brachialis, and Brachioradialis)

Range of Motion
0° to 1580°

1.D. Muscle Origin Insertion
140 Biceps brachii Scapula (coracoid process, apex) Radius (radial tuberosity)
Short head Scapula (supraglenoid tubercle) Bicipital aponeurosis
Long head Capsule of glenohumeral joint
and glenoid labrum
141 Brachialis Humerus (shaft anterior, distal 1/2) Ulna (fuberosity and
Intermuscular septa (medial) coronoid process)
143 Brachioradialis Humerus (lateral supracondylar Radius (distal end just
ridge, proximal 2/3) proximal to styloid process)
Lateral intermuscular septum
Others
146 Pronator teres
148 Extensor carpi radialis longus
151 Flexor carpi radialis
153 Flexor carpi ulnaris See Plate 4

Grade 5 (Normal), Grade 4 (Good), and Grade 3 (Fair)

Position of Patient: Short sitting with arms at sides.
The following are the positions of choice, but it is doubt-
ful whether the individual muscles can be separated when
strong eftort is used. The brachialis in particular is inde-
pendent of forearm position.

Biceps brachii: forearm in supination (Figure 5-110)
Brachialis: forearm in pronation (Figure 5-111)

Brachiorvadialis: forearm in midposition between pro-
nation and supination (Figure 5-112)

FIGURE 5-110

FIGURE 5-111

FIGURE 5-112
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ELBOW FLEXION

(Biceps, Brachialis, and Brachioradialis)

Grade 5 (Normal), Grade 4 (Good),
and Grade 3 (Fair) Continued

Position of Therapist: Standing in front of patient
toward the test side. Hand giving resistance is contoured
over the volar (flexor) surface of the forearm proximal to
the wrist (see Figure 5-110). The other forearm is placed
over the anterior surface of the upper arm and applies
counterforce by resisting any upper arm movement.

No resistance is given in a Grade 3 test, but the test
elbow is cupped by the examiner’s hand (Figure 5-113,
biceps illustrated at end range).

Test (All Three Forearm Positions): Patient flexes
elbow through range of motion.

Instructions to Patient (All Three Tests)
Grades 5 and 4: “Bend your elbow. Hold it. Don’t let
me pull it down.”

Grade 3: “Bend your elbow.”

Grading

Grade 5 (Normal): Completes available range and
holds firmly against maximal resistance.

Grade 4 (Good): Completes available range against
strong to moderate resistance, but the end point may not
be firm.

Grade 3 (Fair): Completes available range with each
forearm position with no manual resistance.

FIGURE 5-113
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Grade 2 (Poor)

Position of Patient:

All Elbow Flexors: Short sitting with arm abducted to
90° and supported by examiner (Figure 5-114). Forearm
is supinated (biceps), pronated (brachialis), and in mid-
position (brachioradialis).

Alternate Position for Patients Unable to Sit:
Supine. Elbow is flexed to about 45° with forearm supi-
nated (for biceps; see Figure 5-114), pronated (for bra-
chialis), and in midposition (for brachioradialis; Figure
5-115, biceps illustrated).

FIGURE 5-115



ELBOW FLEXION

Grade 2 (Poor) Continued
Position of Therapist:

All Three Flexors: Standing in front of patient and sup-
porting abducted arm under the elbow and wrist if neces-
sary (see Figure 5-114). Palpate the tendon of the biceps
in the antecubital space (see Figure 5-115). On the arm,
the muscle fibers may be felt on the anterior surface of
the middle two thirds with the short head lying medial
to the long head.

Palpate the brachialis in the distal arm medial to the
tendon of the biceps. Palpate the brachioradialis on
the lateral surface of the neutrally positioned forearm,
where it forms the lateral border of the cubital fossa
(Figure 5-116).

Test: Patient attempts to flex the elbow.
Instructions to Patient: “Try to bend your elbow.”

Grading

Grade 2 (Poor): Completes range of motion (in each of
the muscles tested).

FIGURE 5-116

(Biceps, Brachialis, and Brachioradialis)

Grade 1 (Trace) and Grade 0 (Zero)

Positions of Patient and Therapist: Supine for all
three muscles with therapist standing at test side (see
Figure 5-116). All other aspects are the same as for the
Grade 2 test.

Test: Patient attempts to bend elbow with hand supi-
nated, pronated, and in midposition.

Grading

Grade 1 (Trace): Examiner can palpate a contractile
response in each of the three muscles for which a Trace
grade is given.

Grade 0 (Zero): No palpable contractile activity.

® The patient’s wrist flexor muscles should remain
relaxed throughout the test because strongly con-
tracting wrist flexors may assist in elbow flexion.
Recall that the wrist flexors originate above the
clbow joint axis on the distal humerus.

e If the sitting position is contraindicated for any
reason, all tests for these muscles may be performed
in the supine position, but in this case manual
resistance should be evaluated using Grade 3 test
criteria.
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ELBOW EXTENSION
(Triceps brachii)

Triceps
brachii

Radius

POSTERIOR

FIGURE 5-117 4 \ Humerus

Triceps
brachii

é % -~ (medial)
Triceps
) T _Z brachii
Ny (lateral)
== Triceps

brachii
(long)

Radial n.

To: (Triceps brachii)
C6-C8

FIGURE 5-118 FIGURE 5-119 Arrows indicates level of cross sections.
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ELBOW EXTENSION

(Triceps brachii)

Range of Motion

150° to 0°
Table 5-14 ELBOW EXTENSION
1.D. Muscle Origin Insertion
142 Triceps brachii All heads have a common tendon to:
Long head Scapula (infraglenoid tuberosity and Ulna (olecranon process, upper

capsule of glenohumeral joint)

Lateral head Humerus (shaft: oblique ridge,
posterior surface)
Lateral intermuscular septum

Medial head Humerus (shaft: entire length of
posterior surface)
Medial and lateral intermuscular septa

Other
144 Anconeus

surface)

Blends with antebrachial fascia
Capsule of elbow joint

See Plate 4
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ELBOW EXTENSION

(Triceps brachii)

Grade 5 (Normal), Grade 4 (Good), and Grade 3 (Fair)

Position of Patient: Prone on table. The patient starts
the test with the arm in 90° of abduction and the forearm
flexed and hanging vertically over the side of the table
(Figure 5-120).

Position of Therapist: For the prone patient, the thera-
pist provides support just above the elbow. The other
hand is used to apply downward resistance on the dorsal
surface of the forearm (Figure 5-121 illustrates end
position).

Test: Patient extends elbow to end of available range or
until the forearm is horizontal to the floor. Do not allow
the patient to hyperextend or lock elbow when providing
resistance.

Instructions to Patient: “Straighten your elbow. Hold
it. Don’t let me bend it.”

Grading

Grade 5 (Novmal): Completes available range and
holds firmly against maximal resistance.

Grade 4 (Good): Completes available range against
strong resistance, but there is a “give” to the resistance
at the end range.

Grade 3 (Fair): Completes available range with no
manual resistance (Figure 5-122).

FIGURE 5-120

FIGURE 5-121
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FIGURE 5-122



ELBOW EXTENSION

(Triceps brachii)

Grade 2 (Poor), Grade 1 (Trace), and Grade 0 (Zero)

Position of Patient: Short sitting. The arm is abducted
to 90° with the shoulder in neutral rotation and the
elbow flexed to about 45°. The entire limb is horizontal
to the floor (Figure 5-123).

Position of Therapist: Standing at test side of patient.
For the Grade 2 test, support the limb at the elbow. For
a Grade 1 or O test, support the limb under the forearm
and palpate the triceps on the posterior surface of the

arm just proximal to the olecranon process (Figure
5-124).

Test: Patient attempts to extend the elbow.

Instructions to Patient: “ITry to straighten your
elbow.”

Grading

Grade 2 (Poor): Completes available range in the
absence of gravity.

Grade 1 (Trace): Examiner can feel tension in the
triceps tendon just proximal to the olecranon (see Figure
5-124) or contractile activity in the muscle fibers on the
posterior surface of the arm.

Grade 0 (Zero): No evidence of any muscle activity.

FIGURE 5-123

FIGURE 5-124

Chapter 5 | Testing the Muscles of the Upper Extremity 145



ELBOW EXTENSION
(Triceps brachii)

e The therapist should confirm that muscle activity

® Via external rotation. When the patient is sitting

with the arm abducted, elbow extension can be
accomplished with a Grade O triceps (Figure
5-125). This can occur when the patient externally
rotates the shoulder, thus dropping the arm below
the forearm. As a result, the elbow literally falls
into extension. This can be prevented by using a
table or powder board to support the arm.

® Via horizontal adduction. This substitution can
accomplish elbow extension and is done purpose-
fully by patients with a cervical cord injury and a
Grade 0 triceps. With the distal segment fixed (as
when the examiner stabilizes the hand or wrist),
the patient horizontally adducts the arm and the
thrust pulls the elbow into extension (Figure
5-126). The therapist, therefore, should provide
support at the elbow for testing purposes rather
than at the wrist.

FIGURE 5-125

FIGURE 5-126
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is seen and felt (i.e., triceps activity is actually
present) because patients can become very adept at
substituting. In fact, some patients may be taught
substitution to accomplish a functional movement,
but are not allowed to do so for the purpose of
testing.

Give resistance in Grade 5 and Grade 4 tests with
the elbow slightly flexed to avoid enabling the
patient to “lock” the elbow joint by hyperextend-
ing it.

Although elbow extension is tested in the prone
position, the therapist must be aware that with the
shoulder horizontally abducted the two-joint
muscle is less effective, and the test grade may be
lower than it should be."

An alternate position for Grades 5, 4, and 3 is with
the patient short sitting. The examiner stands
behind the patient, supporting the arm in 90° of
abduction just above the flexed elbow (Figure
5-127). The patient straightens the elbow against
the resistance given at the wrist.

FIGURE 5-127



FOREARM SUPINATION

Biceps brachii

Supinator

(Supinator and Biceps brachii)

Musculocutaneous n.
To: Biceps brachii
C5-C6

Radial n.
To: Supinator
C6-C7

FIGURE 5-129

ANTERIOR
FIGURE 5-128

Radius

Radial

nerve .
Supinator Ulna

FIGURE 5-130 Arrow indicates level of cross section.
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FOREARM SUPINATION

(Supinator and Biceps brachii)

Range of Motion

0° to 80°

Table 5-15 FOREARM SUPINATION

Insertion

Radius (shaft, lateral
aspect of proximal 1/3)

Radius (radial tuberosity)

1.D. Muscle Origin
145 Supinator Humerus (lateral epicondyle)
Ulna (supinator crest)
Radial collateral ligament of elbow joint
Annular ligament of radioulnar joint
Aponeurosis of supinator
140 Biceps brachii
Short head Scapula (coracoid apex)
Long head Scapula (supraglenoid tubercle)

Capsule of glenohumeral joint and glenoid labrum

Bicipital aponeurosis
See Plate 4

Grade 5 (Normal), Grade 4 (Good), and Grade 3 (Fair)

Position of Patient: Short sitting; arm at side and
elbow flexed to 90°; forearm in full pronation to neutral.
Alternatively, patient may sit at a table.

Position of Therapist: Standing at side or in front of
patient. One hand supports the elbow. Apply resistance
with the heel of the hand over the dorsal (extensor)
surface at the wrist, being careful not to grip the flexor
surface of the forearm (Figure 5-131).

FIGURE 5-131
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Test: Patient begins in pronation and patient supinates
the forearm until the palm faces the ceiling. Therapist
resists motion in the direction of pronation. (No resis-
tance is given for Grade 3.)

Alternate Test: Grasp patient’s hand as it shaking hands;
cradle the elbow and resist via the hand grip (Figure
5-132). This test is used if the patient has Grade 5 or 4
wrist and hand strength.

FIGURE 5-132



FOREARM SUPINATION

Grade 5 (Normal), Grade 4 (Good), and
Grade 3 (Fair) Continued

Instructions to Patient: “Turn your palm up. Hold it.
Don’t let me turn it down. Keep your wrist and fingers
relaxed.”

For Grade 3: “Turn your palm up.”

Grading

Grade 5 (Normal): Completes full available range of
motion and holds against maximal resistance.

Grade 4 (Good): Completes full range of motion against
strong to moderate resistance.

Grade 3 (Fair): Completes available range of motion
without resistance (Figure 5-133, showing end range).

FIGURE 5-133

(Supinator and Biceps brachii)

Grade 2 (Poor)

Position of Patient: Short sitting with shoulder flexed
between 45° and 90° and elbow flexed to 90°. Forearm
in neutral.

Position of Therapist: Support the test arm by cupping
the hand under the elbow.

Test: Patient supinates forearm (Figure 5-134) through
partial range of motion.

Instructions to Patient: “Turn your palm toward your
face.”

Grading

Grade 2 (Poor): Completes a full range of motion.

FIGURE 5-134
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FOREARM SUPINATION

(Supinator and Biceps brachii)

Grade 1 (Trace) and Grade 0 (Zero)

Position of Patient: Short sitting. Arm and elbow are Patient may externally rotate and adduct the

flexed as for the Grade 3 test. arm across the body (Figure 5-136) as forearm
supination is attempted. When this occurs, the

Position of Therapist: Support the forearm just distal forearm rolls into supination with no activity of the

to the elbow. Palpate the supinator distal to the head of supinator muscle.

the radius on the dorsal aspect of the forearm (Figure

5-135).
Test: Patient attempts to supinate the forearm.

Instructions to Patient: “Try to turn your palm so it
faces the ceiling.”

Grading

Grade 1 (Trace): Slight contractile activity but no limb
movement.

Grade 0 (Zero): No contractile activity.

FIGURE 5-136

FIGURE 5-135
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CROSS SECTIONS OF THE ARM AND FOREARM
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FOREARM PRONATION

(Pronator teres and Pronator quadratus)

Pronator teres

Pronator quadratus

PALMAR

FIGURE 5-137
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Median n.

To: Pronator teres
C6-C7
Pronator quadratus
C7-C8

FIGURE 5-138

Pronator
teres Median

Pronator
quadratus

Ulna

FIGURE 5-139 Arrows indicate level of cross section.



FOREARM PRONATION

(Pronator teres and Pronator quadratus)

Range of Motion

0° to 80°
Table 5-16 FOREARM PRONATION
1.D. Muscle Origin Insertion
146 Pronator teres Radius (midshaft, lateral surface)
Humeral head Humerus (shaft proximal to medial
epicondyle)

Common tendon of origin of flexor muscles

Intermuscular septum
Antebrachial fascia

Ulnar head Ulna (coronoid process, medial)
Joins humeral head in common tendon
147 Pronator Ulna (oblique ridge on distal 1/4 of anterior Radius (shaft, anterior surface
quadratus surface) distally; also area above ulnar
Muscle aponeurosis notch)
Other
151 Flexor carpi radialis See Plate 4

Grade 5 (Normal), Grade 4 (Good), and
Grade 3 (Fair)

Position of Patient: Short sitting or may sit at a table.
Arm at side with elbow flexed to 90° and forearm in
supination.

Position of Therapist: Standing at side or in front of
patient. Support the elbow. Hand used for resistance
applies resistance with hypothenar eminence over radius
on the volar (flexor) surface of the forearm at the wrist
(Figure 5-140). Avoid pressure on the head of the radius
for patient comfort.

Test: Patient pronates the forearm until the palm faces
downward. Therapist resists motion at the wrist in the
direction of supination for Grades 4 and 5. (No resis-
tance is given for Grade 3.)

Alternate Test: Grasp patient’s hand as if to shake
hands, cradling the elbow with the other hand and resist-
ing pronation via the hand grip. This alternate test may
be used if the patient has Grade 5 or 4 wrist and hand
strength.

Instructions to Patient: “Turn your palm down. Hold
it. Don’t let me turn it up. Keep your wrist and fingers
relaxed.”

FIGURE 5-140
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FOREARM PRONATION

(Pronator teres and Pronator quadratus)

Grade 5 (Normal), Grade 4 (Good),
and Grade 3 (Fair) Continued

Grading

Grade 5 (Normal): Completes available range of motion
and holds against maximal resistance.

Grade 4 (Good): Completes all available range against
strong to moderate resistance.

Grade 3 (Fair): Completes available range without
resistance (Figure 5-141), showing end range).

FIGURE 5-141
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Grade 2 (Poor)

Position of Patient: Short sitting with shoulder flexed
between 45° and 90° and elbow flexed to 90°. Forearm
in neutral (not illustrated).

Position of Therapist: Support the test arm by cupping
the hand under the elbow (Figure 5-142).

Test: Patient pronates forearm.

Instructions to Patient: “Turn your palm facing
outward away from your face.”

Grading

Grade 2 (Poor): Complete range of motion (see Figure
5-142, which shows end range).

FIGURE 5-142



FOREARM PRONATION

Grade 1 (Trace) and Grade 0 (Zero)

Position of Patient: Short sitting. Arm is positioned as
for the Grade 3 test.

Position of Therapist: Support the forearm just distal
to the elbow. The fingers of the other hand are used to
palpate the pronator teres over the upper third of the
volar (flexor) surface of the forearm on a diagonal line
from the medial condyle of the humerus to the lateral
border of the radius (Figure 5-143).

Test: Patient attempts to pronate the forearm.
Instructions to Patient: “Try to turn your palm down.”

Grading

Grade 1 (Trace): Visible or palpable contractile activity
with no motion of the part.

Grade 0 (Zero): No contractile activity.

\V

FIGURE 5-143

(Pronator teres and Pronator quadratus)

Patient may internally rotate the shoulder or abduct
it during attempts at pronation (Figure 5-144). When
this occurs, the forearm rolls into pronation without
the benefit of activity by the pronator muscles.

FIGURE 5-144

e Nondominant arm elicits 81 to 95% of the force of
the dominant arm in forearm rotation.'”

e Pronation is strongest in position of 45° elbow
flexion.'®

e Men are 63% stronger in pronation and 68% stron-
ger in supination than women, measuring as high
as 12.6 to 14.8 Nm."”

e In isokinetic studies, women’s forearm strength is
equal to 5.0 to 5.4 Nm."

Nm., Newton meter.
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WRIST FLEXION

(Flexor carps vadialis and Flexor carpi ulnaris)

Flexor Flexor
carpi . carpi
radialis ulnaris
Median n.
To: Flexor carpi
radialis
C6-C7 \
Ulnar n.
To: Flexor carpi ulnaris
C7-T1
FIGURE 5-147
PALMAR
FIGURE 5-145 FIGURE 5-146
Flexor carpi Ulnar

radialis

FIGURE 5-148 Arrow indicates level of cross section.
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WRIST FLEXION

(Flexor carpi vadialis and Flexor carpi ulnaris)

Range of Motion

0° to 80°
Table 5-17 WRIST FLEXION
1.D. Muscle Origin Insertion
151 Flexor carpi radialis Humerus (medial epicondyle via common 2nd and 3rd
flexor fendon) metacarpals (base,
Antebrachial fascia palmar surface)
Intermuscular septum
153 Flexor carpi ulnaris Humeral head (medial epicondyle via Pisiform bone
Two heads common flexor tendon) Hamate bone
Ulnar head (olecranon, medial margin; shaft,  5th metacarpal, base
proximal 2/3 posterior via an aponeurosis)
Intermuscular septum
Others
152 Palmaris longus
156 Flexor digitorum superficialis
157 Flexor digitorum profundus
166 Abductor pollicis longus
169 Flexor pollicis longus See Plate 4

Grade 5 (Normal) and Grade 4 (Good)

Position of Patient (All Tests): Short sitting. Forearm
is supinated (Figure 5-149). Wrist is in neutral position
or slightly extended.

Position of Therapist: One hand supports the patient’s
forearm under the wrist (see Figure 5-149).

Test: Patient flexes the wrist, keeping the digits and
thumb relaxed.

To test both wrist flexors: The examiner applies resistance
to the palm of the test hand using four fingers or the
hypothenar eminence (Figure 5-150). Resistance is given
evenly across the hand in a straight-down direction into
wrist extension.

To test the flexor carpi radialis: Place the patient’s wrist
in radial deviation and slight wrist extension. Resistance
is applied with the index and long fingers over the Ist
and 2nd metacarpal (radial side of the hand) in the direc-
tion of extension and ulnar deviation.

FIGURE 5-149

FIGURE 5-150

Chapter 5 | Testing the Muscles of the Upper Extremity 157



WRIST FLEXION

(Flexor carps vadialis and Flexor carpi ulnaris)

Grade 5 (Normal)
and Grade 4 (Good) Continued

To test the flexor carpi ulnaris: Place the wrist in ulnar
deviation and slight wrist extension. Resistance is applied
over the 5th metacarpal (ulnar side of the hand) in the
direction of extension and radial deviation.

Instructions to Patient (All Tests): “Bend your wrist.
Hold it. Don’t let me pull it down. Keep your fingers
relaxed.”

Grading

Grade 5 (Normal): Completes available range of wrist
flexion and holds against maximal resistance.

Grade 4 (Good): Completes available range and holds
against strong to moderate resistance.

158 Chapter 5 | Testing the Muscles of the Upper Extremity

Grade 3 (Fair)

Position of Patient: Starting position with forearm
supinated and wrist neutral as in Grades 5 and 4 tests.

Position of Therapist: Support the patient’s forearm
under the wrist.
Test:

To test both wrist flexors: Patient flexes the wrist straight
up without resistance and without radial or ulnar
deviation.

To test the flexor carpi vadialis: Patient flexes the wrist
in radial deviation (Figure 5-151).

To test the flexor carpi ulnavis: Patient flexes the wrist
in ulnar deviation (Figure 5-152).

FIGURE 5-151

FIGURE 5-152



WRIST FLEXION

Grade 3 (Fair) Continued

Instructions to Patient:
For both wrist flexors: “Bend your wrist. Keep it straight
with your fingers relaxed.”

For flexor cavpi radialis: “Bend your wrist leading with
the thumb side.”

For flexor carpi ulnaris: “Bend your wrist leading with
the little finger.”

Grading

Grade 3 (Fair) (All Tests): Completes available range
without resistance.

(Flexor carpi vadialis and Flexor carpi ulnaris)

Grade 2 (Poor)

Position of Patient: Sitting with elbow supported on
table. Forearm in midposition with hand resting on ulnar
side (Figure 5-153).

Position of Therapist: Support patient’s forearm proxi-
mal to the wrist.

Test: Patient flexes wrist with the ulnar surface gliding
across or not touching the table (see Figure 5-153). To
test the two wrist flexors separately, hold the forearm so
that the wrist does not lie on the table and ask the patient
to perform the flexion motion while the wrist is in ulnar
and then radial deviation.

Instructions to Patient: “Bend your wrist, keeping
your fingers relaxed.”

Grading

Grade 2 (Poor): Completes available range of wrist
flexion with gravity eliminated.

FIGURE 5-153
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WRIST FLEXION

(Flexor carps vadialis and Flexor carpi ulnaris)

Grade 1 (Trace) and Grade 0 (Zero)

Position of Patient: Supinated forearm supported on
table.

Position of Therapist: Support the wrist in flexion; the
index finger of the other hand is used to palpate the
appropriate tendons.

Palpate the tendons of the flexor carpi radialis (Figure
5-154) and the flexor carpi ulnaris (Figure 5-155) in
separate tests.

The flexor carpi radialis lies on the lateral palmar
aspect of the wrist (see Figure 5-150) lateral to the pal-
maris longus.

The tendon of the flexor carpi ulnaris (see Figure
5-154) lies on the medial palmar aspect of the wrist (at
the base of the 5th metacarpal).

Test: Patient attempts to flex the wrist.

Instructions to Patient: “Try to bend your wrist.
Relax. Bend it again.” Patient should be asked to repeat
the test so the examiner can feel the tendons during both
relaxation and contraction.

Grading

Grade 1 (Trace): One or both tendons may exhibit
visible or palpable contractile activity, but the part does
not move.

Grade 0 (Zervo): No contractile activity.

FIGURE 5-154
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FIGURE 5-155



WRIST EXTENSION

(Extensor carpi radialis longus, Extensor carpi radialis brevis, and Extensor carpi ulnaris)

|

|

3
r‘
5%,

Extensor C5
carpi Extensor

radialis carpi

brevis radialis C6

longus

Extensor
carpi
ulnaris

Radial n.

Extensor carpi radialis longus
C6-C7

Extensor carpi radialis brevis

To:

[ =P

C7-C8
Extensor carpi ulnaris
C7-C8

FIGURE 5-158

I
i

FIGURE 5-156
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DORSAL VIEWS
FIGURE 5-157

Extensor carpi
radialis longus

Extensor carpi
radialis brevis

Radial

nerve Extensor
carpi
ulnaris

FIGURE 5-159 Arrow indicates level of cross section.
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WRIST EXTENSION

(Extensor carpi radialis longus, Extensor carpi radialis brevis, and Extensor carpi ulnaris)

Range of Motion

0° to 70°

Table 5-18 WRIST EXTENSION

Insertion

2nd metacarpal bone (base
on radial side of dorsal
aspect)

3rd metacarpal bone (base of
dorsal surface on radial side)
2nd metacarpal (occasionally)

5th metacarpal bone
(tubercle on medial side of
base)

1.D. Muscle Origin
148 Extensor carpi Humerus (lateral supracondylar ridge,
radialis longus distal 1/3)
Common forearm extensor fendon
Lateral infermuscular septum
149 Extensor carpi Humerus (lateral epicondyle via common
radialis brevis forearm extensor fendon)
Radial collateral ligament of elbow joint
Aponeurosis of muscle
150 Extensor carpi Humerus (lateral epicondyle via common
ulnaris extensor tfendon)
Ulna (posterior border by an aponeurosis)
Others
154 Extensor digitorum
158 Extensor digiti minimi
155 Extensor indicis

See Plate 4

Grade 5 (Normal), Grade 4 (Good), and Grade 3 (Fair)

Position of Patient: Short sitting. Elbow is flexed,
forearm is fully pronated, and both are supported on the
table.

Position of Therapist: Sitting or standing at a diagonal
in front of patient. Support the patient’s forearm. The
hand used for resistance is placed over the dorsal (exten-
sor) surface of the metacarpals.

To test all three muscles, the patient extends the wrist
without deviation. Resistance for Grades 4 and 5 is given
in a forward and downward direction over the 2nd to
5th metacarpals (Figure 5-160) with four fingers or
hypothenar eminence.

To test the extensor carpi radialis longus and brevis
(for extension with radial deviation), resistance is given
with two fingers on the dorsal (extensor) surface of the
2nd and 3rd metacarpals (radial side of hand) in the
direction of flexion and ulnar deviation.

To test the extensor carpi ulnaris (for extension and
ulnar deviation), resistance is given on the dorsal (exten-
sor) surface of the 5th metacarpal (ulnar side of hand) in
the direction of flexion and radial deviation.

Test: For the combined test of the three wrist extensor
muscles, the patient extends the wrist straight up through
the full available range. Do not permit extension of the
fingers.

To test the two radial extensors, the patient extends
the wrist, leading with the thumb side of the hand. The
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wrist may be prepositioned in some extension and radial
deviation to direct the patient’s motion.

To test the extensor carpi ulnaris, the patient extends
the wrist, leading with the ulnar side of the hand. The
therapist may preposition the wrist in this attitude to
direct the movement toward the ulna.

Instructions to Patient: “Bring your wrist up. Hold it.
Don’t let me push it down.” For Grade 3: “Bring your
wrist up.”

FIGURE 5-160



WRIST EXTENSION

(Extensor carpi radialis longus, Extensor carpi radialis brevis, and Extensor carpi ulnaris)

Grade 5 (Normal), Grade 4 (Good),
and Grade 3 (Fair) Continued

Grading

Grade 5 (Novmal): Completes full wrist extension
(when testing all three muscles) against maximal resis-
tance. Full extension is not required for the tests of radial
and ulnar deviation.

Grade 4 (Good): Completes full wrist extension against
strong to moderate resistance when all muscles are being
tested. When testing the individual muscles, full wrist
extension range of motion will not be achieved.

Grade 3 (Fair): Completes full range of motion with
no resistance in the test for all three muscles. In the
separate tests for the radial and ulnar extensors, the devi-
ation required precludes full range of motion.

Grade 2 (Poor)

Position of Patient: Forecarm supported on table in
neutral position.

Position of Therapist: Support the patient’s wrist. This
clevates the hand from the table and removes friction
(Figure 5-161).

Test: Patient extends the wrist.

Instructions to Patient: “Bend your wrist back.”
Grading

Grade 2 (Poor): Completes full range with gravity
climinated.

FIGURE 5-161
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WRIST EXTENSION

(Extensor carpi radialis longus, Extensor carpi radialis brevis, and Extensor carpi ulnaris)

Grade 1 (Trace) and Grade 0 (Zero)

Position of Patient: Hand and forearm supported on
table with hand fully pronated.

Position of Therapist: Support the patient’s wrist in
extension. The other hand is used for palpation. Use one
finger to palpate one muscle in a given test.

Extensor carpi radialis longus: Palpate this tendon on
the dorsum of the wrist in line with the 2nd metacarpal
(Figure 5-162).

Extensor carpi radialis brevis: Palpate this tendon on
the dorsal surface of the wrist in line with the 3rd meta-
carpal bone (Figure 5-163).

Extensor carpi winavis: Palpate this tendon on the
dorsal wrist surface proximal to the 5th metacarpal and
just distal to the ulnar styloid process (Figure 5-164).

Test: Patient attempts to extend the wrist.

Instructions to Patient: “Try to bring your wrist back.”

FIGURE 5-162

FIGURE 5-163
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Grading

Grade 1 (Trace): For any given muscle there is visible
or palpable contractile activity, but no wrist motion
ensues.

Grade 0 (Zero): No contractile activity.

FIGURE 5-164

The most common substitution occurs when the

finger extensors are allowed to participate. This can
be avoided to a large extent by ensuring that the
patient’s fingers are relaxed and are not permitted to
extend.

e The radial wrist extensors are considerably stronger
than the extensor carpi ulnaris.

e A patient with complete quadriplegia at C5-C6 will
have only the radial wrist extensors remaining.
Radial deviation during extension is therefore the
prevailing extensor motion at the wrist.



FINGER MP FLEXION

(Interossei and Lumbricales)

C5
C6
Cc7
Median n. cs
Lumbricales __ To: 1stand 2nd
Lumbricales
C8-T1
T1

Ulnar n.

To: 3rd and 4th Lumbricales
C8-T1
Interossei (dorsal and
palmar)
C8-T1

FIGURE 5-166

PALMAR

FIGURE 5-165
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FINGER MP FLEXION

(Interossei and Lumbricales)

Range of Motion

MP joints: 0° to 90°

Table 5-19 MP FLEXION OF FINGERS

I.D. Muscle

163 Lumbricales (4 in number)

1st lumbrical

2nd lumbrical
3rd lumbrical
4th lumbrical

164 Dorsal interossei (four
bipennate muscles)

1st dorsal interosseus (offen

named Abductor indicis)

165 Palmar interossei
three muscles (a 4th
muscle often is

described)
Others
156 Flexor digitorum superficialis
157 Flexor digitorum profundus
160 Flexor digiti minimi lorevis
161 Opponens digiti minimi

Origin

Tendons of flexor digitorum profundus:

Index finger (radial side, palmar
surface)

Middle finger (radial side, palmar
surface)

Middle and ring fingers (double heads
from adjacent sides of fendons)

Ring and little fingers (adjacent sides
of fendons)

Metacarpal bones (each muscle
arises by two heads from adjacent
sides of metacarpals between
which each lies)

1st dorsal: between thumbb and index
finger

2nd dorsal: between index and long
finger

3rd dorsal: between long and ring
fingers

4th dorsal: between ring and little
fingers

Metacarpal bones 2, 4, and 5.
(muscles lie on palmar surfaces of
metacarpals rather than between
them)

No palmar interosseous on long finger

All muscles lie on aspect of
metacarpal facing the long finger.

1st palmar: 2nd metacarpal (ulnar
side)

2nd palmar: 4th metacarpal (radial
side)

3rd palmar: 5th metacarpal (radial
side)

Insertion

Extensor digitorum
expansion Each muscle
runs distally to the radial
side of its corresponding
digit, atfaches to the
dorsal digital expansion

1st lumbrical to index
finger

2nd lumbrical to long
finger

3rd lumbrical to ring finger

4th lumbrical to little finger

All: dorsal expansion
Proximal phalanges
(bases)

1st dorsal: index finger
(radial side)

2nd dorsal: long finger
(radial side)

3rd dorsal: long finger
(ulnar side)

4th dorsal: ring finger
(ulnar side)

All;
Dorsal expansion
Proximal phalanges

1st palmar: index finger
(ulnar side)

2nd palmar: ring finger
(radial side)

3rd palmar: little finger
(radial side)
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FINGER MP FLEXION

(Interossei and Lumbricales)

Grade 5 (Normal), Grade 4 (Good), and Grade 3 (Fair)

Position of Patient: Short sitting or supine with forearm
in supination. Wrist is maintained in neutral. The meta-
carpophalangeal (MP) joints should be fully extended;
all interphalangeal (IP) joints are flexed (Figure 5-167).

Position of Therapist: Stabilize the metacarpals proxi-
mal to the MP joint. Resistance is given on the palmar
surface of the proximal row of phalanges in the direction
of MP extension (Figure 5-168).

Test: Patient simultaneously flexes the MP joints and
extends the IP joints. Fingers may be tested separately.
Do not allow fingers to curl; they must remain extended.

Instructions to Patient: “Uncurl your fingers while
flexing your knuckles. Hold it. Don’t let me straighten
gy g
your knuckles.” The final position is a right angle at the
MP joints. Demonstrate motion to patient and insist on
practice to get the motions performed correctly and

simultaneously.

FIGURE 5-167

Grading

Grade 5 (Normal): Patient completes simultaneous MP
flexion and finger extension and holds against maximal
resistance. Resistance is given to fingers individually
because of the variant strength of the different interossei
and lumbricales. The interossei and lumbricales also have
different innervations.

Grade 4 (Good): Patient completes range of motion
against moderate to strong resistance.

Grade 3 (Fair): Patient completes both motions cor-
rectly and simultaneously without resistance.

FIGURE 5-168
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FINGER MP FLEXION

(Interossei and Lumbricales)

Grade 2 (Poor), Grade 1 (Trace), and Grade 0 (Zero)

Position of Patient: Forearm and wrist in midposition
to remove influence of gravity. MP joints are fully
extended; all IP joints are flexed.

Position of Therapist: Stabilize metacarpals.

Test: Patient attempts to flex MP joints through full
available range while extending IP joints (Figure 5-169).

FIGURE 5-169

Instructions to Patient: “Try to uncurl your fingers
while bending your knuckles.” Demonstrate motion to
patient and allow practice.

Grading

Grade 2 (Poor): Completes full range of motion in
gravity-eliminated position.

Grade 1 (Trace): Except in the hand that is markedly
atrophied, the palmar interossei and lumbricales cannot
be palpated. A grade of 1 is given for minimal motion.

Grade 0 (Zero): A grade of zero is given in the absence
of any movement.

The long finger flexors may substitute for the lumbri-
cales. To avoid this pattern, make sure that the
patient’s IP joints fully extend.

& Hand Testing Requires Judgment and Experience

When evaluating the muscles of the hand, care must be taken
to use graduated resistance that takes into consideration the
relatively small mass of the muscles. In general, the examiner
should not use the full thrust of the fist, wrist, or arm but
rather one or two fingers to resist hand motions.

The degree of resistance offered to hand muscles is an
issue, particularly when testing a postoperative hand. Simi-
larly, the amount of motion allowed or encouraged should
be monitored. Sudden or excessive excursions could “tear
out” a surgical reconstruction.

Applying resistance in a safe fashion requires experience in
assessing hand injuries or repair and a large amount of clinical

judgment to avoid dislodging a tendon transfer or other
surgical reconstruction. The neophyte examiner would be
wise to err in the direction of caution.

Considerable practice in testing normal hands and com-
paring injured hands with their normal contralateral sides
should provide some of the necessary judgment with which
to approach the fragile hand.

This text remains true to the principles of testing in the
ranges of 5, 4, and 3 with respect to gravity. It is admitted,
however, that the influence of gravity on the fingers is incon-
sequential, so the gravity and antigravity positions are not
considered in valid muscle tests of the hand.
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FINGER PROXIMAL PHALANGES (PIP) AND DISTAL PHALANGES
(DIP) FLEXION

(Flexor digitorum superficialis and Flexor digitorum profundus)

C5
C6
Median n. c7
To: Flexor digitorum
superficialis
C8-T1 cs
Flexor digitorum
profundus
fingers 2, 3 T1
C8-T1

Flexor

digitorum Ulnar n.
superficialis To: Flexor digitorum profundus
digitorum fingers 4, 5
profundus C8-T1
FIGURE 5-172

PALMAR

FIGURE 5-170

FIGURE 5-171

Flexor

digitorum
superficialis

digitorum
profundus

FIGURE 5-173 Arrow indicates level of cross section.
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GER PROXIMAL PHALANGES (PIP) AND DISTAL PHALANGES

FIN
(DIP) FLEXION

(Flexor digitorum superficialis and Flexor digitorum profundus)

Range of Motion

PIP joints: 0° to 100°
DIP joints: 0° to 90°

Table 5-20 PIP AND DIP FINGER FLEXION

1.D. Muscle Origin
156 Flexor digitorum
superficialis (2 heads) Humero-ulnar head: humerus

(medial epicondyle via common
flexor tendon)

Ulina (medial collateral ligament of
elbow joint); coronoid process
(medial side)

Intermuscular septum

Radial head.: radius (oblique line on
anterior shaft)

157 Flexor digitorum Ulna (proximal 3/4 of anterior and
profundus medial shaft; medial coronoid
process)

Intferosseous membrane (ulnar)

Insertion

Four tendons arranged in 2 pairs

Superficial pair; middle and ring
fingers (sides of middle
phalanges)

Deep pair: index and little
fingers (sides of middle
phalanges)

Four tendons to digits 2-5 (distal
phalanges, at base of palmar
surface)
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PIP TESTS

(Flexor digitorum superficialis)

Grade 5 (Normal), Grade 4 (Good), and Grade 3 (Fair)

Position of Patient: Forearm supinated, wrist in neutral.
Finger to be tested is in slight flexion at the MP joint
(Figure 5-174).

Position of Therapist: Hold all fingers (except the one
being tested) in extension at all joints (see Figure 5-174).
Isolation of the index finger may not be complete. The
other hand is used to resist the head (distal end) of the
middle phalanx of the test finger in the direction of
extension (not illustrated).

Test: Each of the four fingers is tested separately. Patient
flexes the PIP joint without flexing the DIP joint. Do
not allow motion of any joints of the other fingers.
Flick the terminal end of the finger being tested with
the thumb to make certain that the flexor digitorum

profundus is not active; that is, the DIP joint goes into
extension. The distal phalanx should be floppy.

Instructions to Patient: “Bend your index [then long,
ring, and little] finger; hold it. Don’t let me straighten
it. Keep your other fingers relaxed.”

Grading

Grade 5 (Normal): Completes range of motion and
holds against maximal finger resistance.

Grade 4 (Good): Completes range against moderate
resistance.

Grade 3 (Fair): Completes range of motion with no
resistance (Figure 5-175).

FIGURE 5-174

FIGURE 5-175
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PIP TESTS

(Flexor digitorum superficinlis)

Grade 2 (Poor), Grade 1 (Trace), and Grade 0 (Zero)

Position of Patient: Forearm is in midposition to elimi-
nate the influence of gravity on finger flexion.

Position of Therapist: Same as for Grades 5, 4, and 3.

Palpate the flexor digitorum superficialis on the palmar
surface of the wrist between the palmaris longus and the
flexor carpi ulnaris (Figure 5-176).

Test: Patient flexes the PIP joint.

Instructions to Patient: “Bend your middle finger.”
(Select other fingers individually.)

FIGURE 5-176
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Grading

Grade 2 (Poor): Completes range of motion.

Grade 1 (Trace): Palpable or visible contractile activity,
which may or may not be accompanied by a flicker of
motion.

Grade 0 (Zero): No contractile activity.

® The major substitution for this motion is offered
by the flexor digitorum profundus, and this will
occur if the DIP joint is allowed to flex.

® If the wrist is allowed to extend, tension increases
in the long finger flexors, and may result in passive
flexion of the IP joints. This is referred to as a
“tenodesis” action.

® Relaxation of IP extension will result in passive IP
flexion.

Many people cannot isolate the little finger. When this
is the case, test the little and ring fingers at the same
time.



DIP TESTS

Grade 5 (Normal), Grade 4 (Good), and
Grade 3 (Fair)

Position of Patient: Forearm in supination, wrist in
neutral, and proximal PIP joint in extension.

Position of Therapist: Stabilize the middle phalanx in
extension by grasping it on either side (Figure 5-177).
Resistance is provided on the distal phalanx in the direc-
tion of extension (not illustrated).

Test: Test each finger individually. Patient flexes distal
phalanx of each finger.

Instructions to Patient: “Bend the tip of your finger.
Hold it. Don’t let me straighten it.”

Grading

Grade 5 (Normal): Completes available range against a

carefully assessed maximal level of resistance (see page
168).

Grade 4 (Good): Completes maximal available range
against some resistance.

Grade 3 (Fair): Completes maximum available range
with no resistance (see Figure 5-177).

FIGURE 5-177

(Flexor digitorum profundus)

Grade 2 (Poor), Grade 1 (Trace), and
Grade 0 (Zero)

All aspects of testing these grades are the same as those
used for the higher grades except that the position of the
forearm is in neutral to eliminate the influence of gravity.
Grades are assigned as for the PIP tests.
The tendon of the flexor digitorum profundus can be
palpated on the palmar surface of the middle phalanx of
cach finger.

® The wrist must be kept in a neutral position and
must not be allowed to extend to rule out the
tenodesis effect of the wrist extensors.

® Don’t be fooled if the patient extends the DIP
joint and then relaxes, which can give the impres-
sion of active finger flexion.
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FINGER MP EXTENSION

(Extensor digitorum, Extensor indicis, Extensor digiti minimi)

Extensor
digiti
minimi

Extensor
digitorum

Radial n.

To: Extensor digitorum
C7-C8
Extensor digiti minimi
C7-C8
Extensor indicis
C7-C8

Extensor

indicis FIGURE 5-180

DORSAL

FIGURE 5-178

FIGURE 5-179

Extensor
digitorum Extensor digiti minimi
indicis

FIGURE 5-181 Arrow indicates level of cross section.
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FINGER MP EXTENSION

(Extensor digitorum, Extensor indicis, Extensor digiti minimi)

Range of Motion

0° to 45°
Table 5-21 MP FINGER EXTENSION
1.D. Muscle Origin Insertion
154 Extensor digitorum Humerus (lateral epicondyle via Via 4 tendons fo digits 2-5 (via the
common extensor tendon) extensor expansion, to dorsum of
Intermuscular septum middle and distal phalanges; one
Antebrachial fascia tendon fo each finger)
155 Extensor indicis Ulna (posterior surface of shaft) 2nd digit (via tendon of extensor
Intferosseous membrane digitorum into extensor hood)
158 Extensor digiti minimi Humerus (lateral epicondyle via 5th digit (extensor hood)

common extensor tendon)

Intermuscular septa

Grade 5 (Normal), Grade 4 (Good), and Grade 3 (Fair)

Position of Patient: Forearm in pronation, wrist in
neutral. MP and IP joints are in relaxed flexion posture.

Position of Therapist: Stabilize the wrist in neutral.
Place the index finger of the resistance hand across the
dorsum of all proximal phalanges just distal to the MP
joints. Give resistance in the direction of flexion.

Test:

Extensor digitorum: Patient extends MP joints (all
fingers simultaneously), allowing the IP joints to be in
slight flexion (Figure 5-182).

FIGURE 5-182

Extensor indicis: Patient extends the MP joint of the
index finger.

Extensor digiti minimi: Patient extends the MP joint
of the 5th digit.

Instructions to Patient: “Bend your knuckles back as
far as they will go.” Demonstrate motion to patient and
instruct to copy.

Grading

Grade 5 (Normal): Completes active extension range of
motion with appropriate level of strong resistance.

Grade 4 (Good): Completes active range with some
resistance.

Grade 3 (Fair): Completes active range with no
resistance.
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FINGER MP EXTENSION

(Extensor digitorum, Extensor indicis, Extensor digiti minimi)

Grade 2 (Poor), Grade 1 (Trace), and Grade 0 (Zero)

Procedures: Test is the same as that for Grades 5, 4,
and 3 except that the forearm is in the midposition.

The tendons of the extensor digitorum (n = 4), the
extensor indicis (n = 1), and the extensor digiti minimi
(n = 1) are readily apparent on the dorsum of the hand
as they course in the direction of each finger.

Grading
Grade 2 (Poor): Completes range.

Grade 1 (Trace): Visible tendon activity but no joint
motion.

Grade 0 (Zero): No contractile activity.
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Flexion of the wrist will produce IP extension through
a tenodesis action.

e MP extension of the fingers is not a strong motion,
and only slight resistance is required to “break” the
end position.

e It is usual for the active range of motion to be
considerably less than the available passive range.
In this test, therefore, the “full available range” is
not used, and the active range is accepted.

° Another way to check whether there is functional
extensor strength in the fingers is to “flick” the
proximal phalanx of each finger downward; if the
finger rebounds, it is functional.



FINGER ABDUCTION

Dorsal

interossei

Abductor
digiti
minimi

(Dorsal interossei)

4th
To: Dorsal interossei
C8-T1
Abductor digiti minimi
C8-T1
3rd
FIGURE 5-184
Range of Motion
DORSAL
0° to 20°
FIGURE 5-183
Table 5-22 FINGER ABDUCTION
1.D. Muscle Origin Insertion
164 Dorsal interossei Four bipennate Metacarpal bones (each muscle All: dorsal extensor
muscles (1st dorsal arises by 2 heads from adjacent expansion: proximal
intferosseous, often named sides of metacarpals between phalanges (bases)
Abductor indicis) which each lies)
1st dorsal: between thumb and 1st dorsal: index finger (radial side)
index finger
2nd dorsal: between index and 2nd dorsal: long finger (radial side)
long finger
3rd dorsal: between long and 3rd dorsal: long finger (uinar side)
ring fingers
4th dorsal: between ring and 4th dorsal: ring finger (ulnar side)
litfle finger
159 Abductor digiti minimi Pisiform bone 5th digit (base of
Tendon of flexor carpi ulnaris proximal phalanx, ulnar
Pisohamate ligament side)
Dorsal expansion of
extensor digiti minimi
Others
154 Extensor digitorum (no action
on long finger)
158 Extensor digiti minimi (little

finger)
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FINGER ABDUCTION

(Dorsal interosses)

Grade 5 (Normal) and Grade 4 (Good)

Position of Patient: Forearm pronated, wrist in neutral.
Fingers start in extension and adduction. MP joints in
neutral and avoid hyperextension.

Position of Therapist: Support the wrist in neutral.
The fingers of the other hand are used to give resistance
on the distal phalanx, on the radial side of the finger and
the ulnar side of the adjacent finger (i.c., they are
squeezed together). The direction of resistance will cause
any pair of fingers to approximate (Figure 5-185).

Test: Abduction of fingers (individual tests):

Dovsal Interossei:
Abduction of ring finger toward little finger
Abduction of middle finger toward ring finger
Abduction of middle finger toward index finger
Abduction of index finger toward thumb

The long (middle) finger (digit 3, finger 2) will move
one way when tested with the index finger and the oppo-
site way when tested with the ring finger (see Figure
5-183), which shows a dorsal interosseus on either side).
When testing the little finger with the ring finger, the
abductor digiti minimi is being tested along with the 4th
dorsal interosseus.

Abductor digiti minimi: Patient abducts 5th digit away
from ring finger.

Instructions to Patient: “Spread your fingers. Hold
them. Don’t let me push them together.”

Grading

Grade 5 (Normal) and Grade 4 (Good): Ncither the
dorsal interossei nor the abductor digiti minimi will tol-
crate much resistance. Grading between a 5 and a 4
muscle is a judgment call based on possible comparison
with the contralateral side as well as on clinical experi-
ence. Figure 5-186 illustrates the test for 2nd and 4th
dorsal interossei.

FIGURE 5-185
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FINGER ABDUCTION

Grade 3 (Fair)

Grade 3 (Fair): Patient can abduct any given finger.
Remember that the long finger has two dorsal interossei
and therefore must be tested as it moves away from the
midline in both directions (Figure 5-187).

(Dorsal interossei)

Grade 2 (Poor), Grade 1 (Trace), and
Grade 0 (Zero)

Procedures and Grading: Same as for higher grades in
this test. A Grade 2 should be assigned if the patient can
complete only a partial range of abduction for any given
finger. The only dorsal interosseus that is readily palpable
is the first at the base of the proximal phalanx (Figure
5-188).

The abductor digiti minimi is palpable on the ulnar
border of the hand.

FIGURE 5-187

FIGURE 5-188

Provide resistance for a Grade 5 test by flicking each
finger toward adduction; if the finger tested rebounds,
the grade is 5.
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FINGER ADDUCTION

(Palmar intevossei)

Palmar
interossei

To: Palmar interossei

C8-T1
FIGURE 5-190

Range of Motion

PALMAR
20° to 0°
FIGURE 5-189
Table 5-23 FINGER ADDUCTION
1.D. Muscle Origin Insertion
165 Palmar interossei, Metacarpal bones 2, 4, and 5 All: dorsal extensor expansion

3 muscles (a 4th Muscles lie on palmar surfaces of
muscle offen is metacarpals rather than between
described) them.

No palmar inferosseous on long finger
All muscles lie on aspect of a
metacarpal facing the long finger

1st palmar; 2nd metacarpal (ulnar side)
2nd palmar: 4th metacarpal (radial side)

3rd palmar: 5th metacarpal (radial side)

Other
155 Extensor indicis

1st palmar: index finger
(proximal phalanx, ulnar side)

2nd palmar; ring finger
(proximal phalanx, radial side)

3rd palmar: little finger (proximal
phalanx, radial side)
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FINGER ADDUCTION

Grade 5 (Normal) and Grade 4 (Good)

Position of Patient: Forecarm pronated (palm down),
wrist in neutral, and fingers extended and adducted. MP
joints are neutral; avoid flexion.

Position of Therapist: Examiner grasps the middle
phalanx on each of two adjoining fingers (Figure 5-191).
Resistance is given in the direction of abduction for each
finger tested. The examiner is trying to “pull” the fingers
apart. Each finger should be resisted separately.

Test: Adduction of fingers (individual tests):

Adduction of little finger toward ring finger
Adduction of ring finger toward long finger
Adduction of index finger toward long finger
Adduction of thumb toward index finger

Occasionally there is a 4th palmar interosseus (not
illustrated in Figure 5-189) that some consider a separate
muscle from the adductor pollicis. In any event, the two
muscles cannot be clinically separated.

(Palmar intevossei)

Because the middle finger (also called the long finger,
digit 3, or finger 2) has no palmar interosseus, it is not
tested in adduction.

Instructions to Patient: “Hold your fingers together.
Don’t let me spread them apart.”

Grading

Grade 5 (Normal) and Grade 4 (Good): These muscles
are notoriously weak in the sense of not tolerating much
resistance. Distinguishing between Grades 5 and 4 is an
exercise in futility, and the grade awarded will depend
on the amount of the examiner’s experience with normal

hands.

Grade 3 (Fair): Patient can adduct fingers toward

middle finger but cannot hold against resistance (Figure
5-192).

FIGURE 5-191

FIGURE 5-192
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FINGER ADDUCTION

(Palmar interossei)

Grade 2 (Poor), Grade 1 (Trace), and Grade 0 (Zero)

Procedures: Same as for Grades 5, 4, and 3.
For Grade 2, the patient can adduct cach of the fingers

tested through a partial range of motion. The test for Caution must be used to ensure that finger flexion
Grade 2 1s begun with the.ﬁngers gb_ducted. ) does not occur because the long finger flexors can
Palpation of the palmar interossei is rarely feasible. By contribute to adduction.

placing the examiner’s finger against the side of a finger
to be tested, the therapist may detect a slight outward
motion for a muscle less than Grade 2.

The fingers can be judged quickly by grasping the
distal phalanx and flicking the finger in the direction
of abduction. If the finger rebounds or snaps back,
that interosseous is functional.
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THUMB MP AND IP FLEXION
(Flexor pollicis brevis and Flexor pollicis longus)

Flexor
pollicis
brevis

C5
Flexor Cc6
pollicis
longus _ Cc7
Median n.
To: Flexor pollicis longus
PALMAR cgm cs
Flexor pollicis brevis
FIGURE 5-193 (superficial head)

C8-T1
T1

To: Flexor pollicis brevis (deep head)
C8-T1

FIGURE 5-195

Median

FIGURE 5-196 Arrow indicates level of cross section.
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THUMB MP AND IP FLEXION

(Flexor pollicis brevis and Flexor pollicis longus)

Range of Motion

MP flexion: 0° to 50°

IP flexion: 0° to 80°

Table 5-24 THUMB MP AND IP FLEXION

1.D.

MP Flexion
170

IP Flexion
169

Muscle

Flexor pollicis brevis

Superficial head (often
blended with opponens
pollicis)

Deep head

Flexor pollicis longus

Origin

Flexor retinaculum (distal)
Trapezoid bone (tubercle,
distal)

Trapezium bone

Capitate bone

Palmar ligaments of distal
carpal bones

Radius (anterior surface of

middle 1/2) and adjacent

Interosseous membrane

Ulna (coronoid process, lateral

border (variable))

Humerus (medial epicondyle

(variable))

Insertion

Thumb (base of
proximal phalanx,
radial side)

Thumb (base of distal
phalanx, palmar
surface)
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THUMB MP AND IP FLEXION TESTS

Grade 5 (Normal) to Grade 0 (Zero)

Position of Patient: Forecarm in supination, wrist in
neutral. Carpometacarpal (CMC) joint is at 0°; IP joint
is at 0°. Thumb in adduction, lying relaxed and adjacent
to the 2nd metacarpal (Figure 5-197)

Position of Therapist: Stabilize the Ist metacarpal
firmly to avoid any wrist or CMC motion. The other
hand gives one-finger resistance to MP flexion on the
proximal phalanx in the direction of extension (Figure
5-198).

Test: Patient flexes the MP joint of the thumb, keeping
the IP joints straight (see Figure 5-198).

Instructions to Patient: “Bring your thumb across the
palm of your hand. Keep the thumb in touch with your
palm. Don’t bend the end joint. Hold it. Don’t let me
pull it back.”

Demonstrate thumb flexion and have patient practice
the motion.

FIGURE 5-197

FIGURE 5-198

(Flexor pollicis brevis)

Grading

Grade 5 (Normal): Completes range of motion against
maximal thumb resistance.

Grade 4 (Good): Tolerates to moderate

resistance.

strong

Grade 3 (Fair): Completes full range of motion with
perhaps a slight amount of resistance because gravity is
eliminated.

Grade 2 (Poor): Completes range of motion.

Grade 1 (Trace): Palpate the muscle by initially locating
the tendon of the flexor pollicis longus in the thenar
eminence (Figure 5-199). Then palpate the muscle belly
of the flexor pollicis brevis on the ulnar side of the longus
tendon in the thenar eminence.

Grade 0 (Zero): No visible or palpable contractile
activity.

FIGURE 5-199

Substitution by Flexor Pollicis Longus

The long thumb flexor can substitute but only after
flexion of the IP joint begins. To avoid this substitu-
tion, do not allow flexion of the distal joint of the
thumb.
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THUMB IP FLEXION TESTS

(Flexor pollicis longus)

Grade 5 (Normal) to Grade 0 (Zero)

Position of Patient: Forcarm supinated with wrist in
neutral and MP joint of thumb in extension.

Position of Therapist: Stabilize the MP joint of the
thumb firmly in extension by grasping the patient’s
thumb across that joint. Give resistance with the other
hand against the palmar surface of the distal phalanx of
the thumb in the direction of extension (Figure 5-200).

Test: Patient flexes the IP joint of the thumb.

Instructions to Patient: “Bend the end of your thumb.
Hold it. Don’t let me straighten it.”

FIGURE 5-200
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Grading

Grade 5 (Normal) and Grade 4 (Good): Patient toler-
ates maximal finger resistance from examiner for Grade
5. This muscle is very strong, and a Grade 4 muscle will
tolerate strong resistance. Full range always should be
completed.

Grade 3 (Fair): Completes a full range of motion with
minimal resistance because gravity is eliminated.

Grade 2 (Poor): Completes range of motion.

Grade 1 (Trace) and Grade 0 (Zevo): Palpate the
tendon of the flexor pollicis longus on the palmar surface
of the proximal phalanx of the thumb. Palpable activity
is graded 1; no activity is graded 0.

Do not allow the distal phalanx of the thumb to
extend at the beginning of the test. If the distal
phalanx is extended and then relaxes, the examiner
may think active flexion has occurred.




MP AND IP EXTENSION

IP FLEXION

NEUTRAL
MOTIONS
OF THE
THUMB
MP FLEXION ABDUCTION IN PLANE
OF HAND (FINGERS)
MP AND IP FLEXION ABDUCTION 90° FROM

PLANE OF HAND

OPPOSITION

PLATE 5
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THUMB MP AND IP EXTENSION

(Extensor pollicis brevis and Extensor pollicis longus)

Extensor
pollicis

\ brevis

2
5D

Extensor
pollicis
longus

DORSAL
FIGURE 5-201

Radius

Radial
nerve

Extensor
pollicis Ulna
brevis Extensor
pollicis
longus

FIGURE 5-204 Arrow indicates level of cross section.
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Radial n.

. Extensor pollicis brevis

C7-C8
Extensor pollicis longus
C7-C8

FIGURE 5-203



THUMB MP AND IP EXTENSION

Table 5-25 THUMB MP AND IP EXTENSION

(Extensor pollicis brevis and Extensor pollicis longus)

Range of Motion

MP extension: 50° to 0°
IP extension: 80° to 0°

I.D. Muscle

MP Extension

168 Extensor pollicis brevis
(radiomedial wall of
“anatomical snuffbox™)

IP Extension

167 Extensor pollicis longus
(ulnar wall of
“anatomical snuffbox™)

Origin Insertion

Radius (posterior surface) Thumb (proximal phalanx,

Adjacent interosseous base, dorsolateral surface)
membrane

Ulna (shaft, middle 1/3 on Thumb (base of distal
posterior-lateral surface) phalanx)

Adjacent interosseous
membrane

The extensor pollicis brevis is an inconstant muscle that  longus by clinical tests, and the test for the longus
often blends with the extensor pollicis longus, in which  prevails.
event it is not possible to separate the brevis from the
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THUMB MP EXTENSION TESTS

(Extensor pollicis brevis)

Grade 5 (Normal) to Grade 0 (Zero)

Position of Patient: Forearm in midposition and wrist
in neutral; CMC and IP joints of the thumb are relaxed
and in slight flexion. The MP joint of the thumb is in
abduction and flexion.

Position of Therapist: Stabilize the first metacarpal
firmly, allowing motion to occur only at the MP joint
(Figure 5-205). Resistance is provided with the other
hand on the dorsal surface of the proximal phalanx in the
direction of flexion. This normally is not a strong muscle.

Test: Patient extends the MP joint of the thumb while
keeping the IP joint slightly flexed.

Instructions to Patient: “Bring your thumb up so it
points toward the ceiling; don’t move the end joint.
Hold it. Don’t let me push it down.”

FIGURE 5-205
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Grading

Grade 5 (Normal) and Grade 4 (Good): Only the expe-
rienced examiner can accurately distinguish between
Grades 5 and 4. Resistance should be applied carefully
and slowly because this usually is a weak muscle.

Grade 3 (Fair): Patient moves proximal phalanx of the
thumb through full range of extension with some
resistance.

Grade 2 (Poor): Patient moves proximal phalanx
through partial range of motion.

Grade 1 (Trace): The tendon of the flexor pollicis brevis
is palpated (Figure 5-2006) at the base of the first meta-
carpal, where it lies between the tendons of the abductor
pollicis and the extensor pollicis longus.

Grade 0 (Zervo): No contractile activity.

FIGURE 5-206

Extension of the IP joint of the thumb with CMC
adduction in addition to extension of the MP joint
indicates substitution by the extensor pollicis longus.




THUMB IP EXTENSION TESTS

(Extensor pollicis longus)

Grade 5 (Normal), Grade 4 (Good), and Grade 3 (Fair)

Position of Patient: Forecarm in midposition, wrist in
neutral with ulnar side of hand resting on the table.
Thumb relaxed in a flexion posture.

Position of Therapist: Use the table to support the
ulnar side of the hand and stabilize the proximal phalanx
of the thumb (Figure 5-207). Apply resistance over the

FIGURE 5-207

dorsal surface of the distal phalanx of the thumb in the
direction of flexion.

Test: Patient extends the IP joint of the thumb.

Instructions to Patient: “Straighten the end of your
thumb. Hold it. Don’t let me push it down.”

Grading

Grade 5 (Normal) and Grade 4 (Good): Completes full
range of motion. This is not a strong muscle, so resis-
tance must be applied accordingly. The distinction
between Grades 5 and 4 is based on comparison with the
contralateral normal hand and, barring that, extensive
experience in testing the hand.

Grade 3 (Fair): Completes full range of motion with
no resistance.
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THUMB IP EXTENSION TESTS

(Extensor pollicis longus)

Grade 2 (Poor), Grade 1 (Trace), and Grade 0 (Zero)

Position of Patient: Forearm in pronation with wrist in
neutral and thumb in relaxed flexion posture to start.

Position of Therapist: Stabilize the wrist over its dorsal
surface. Stabilize the fingers by gently placing the other
hand across the fingers just below the MP joints (Figure
5-208).

Test: Patient extends distal joint of the thumb (see
Figure 5-208).

Instructions to Patient: “Straighten the end of your
thumb.”

Grading

Grade 2 (Poor): Thumb completes range of motion.

Grade 1 (Trace): Palpate the tendon of the extensor
pollicis longus on the ulnar side of the “anatomical snuff-
box” or, alternatively, on the dorsal surface of the proxi-
mal phalanx (Figure 5-209).

Grade 0 (Zero): No contractile activity.

FIGURE 5-208

FIGURE 5-209

The muscles of the thenar eminence (abductor pol-
licis brevis, flexor pollicis brevis, and adductor polli-
cis) can extend the IP joint by flexing the CMC joint
(an extensor tenodesis).

e Continued action by the extensor pollicis longus will
extend the MP and CMC joints.
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* A quick way to assess the functional status of the
long thumb extensor is to flick the distal phalanx
into flexion; if the finger rebounds or snaps back, it
is a useful muscle.



THUMB ABDUCTION

Abductor
pollicis
longus

(Abductor pollicis longus and Abductor pollicis brevis)

C5
Cc6
c7
Median n. cs
To: Abductor pollicis
brevis

C8-T1

T1
Abductor
pollicis
brevis
Radial n.
To: Abductor pollicis longus
C7-C8
FIGURE 5-212
PALMAR
FIGURE 5-211
Range of Motion
DORSAL
0° to 70°
FIGURE 5-210
Table 5-26 THUMB ABDUCTION
1.D. Muscle Origin Insertion
166 Abductor pollicis longus Ulna (posterior surface laterally) Thumb: 1st metacarpal
(radiolateral wall of Radius (shaft, middle 1/3 of (radial side of base)
“anatomical snuffbox”) posterior aspect) Trapezium bone
Intferosseous membrane
171 Abductor pollicis brevis Flexor retinaculum Medial fibers:
Scaphoid bone (fubercle) Thumb (base of proximal
Trapezium bone (tubercle) phalanx, radial side)
Tendon of abductor pollicis longus Lateral fibers:
Extensor expansion of thumb
Others
152 Palmaris longus
168 Extensor pollicis brevis
172 Opponens pollicis
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ABDUCTOR POLLICIS LONGUS TEST

Grade 5 (Normal) to Grade 0 (Zero)

Position of Patient: Forecarm supinated and wrist in
neutral; thumb relaxed in adduction.

Position of Therapist: Stabilize the metacarpals of the
four fingers and the wrist (Figure 5-213). Resistance is
given on the distal end of the 1st metacarpal in the direc-
tion of adduction.

Test: Patient abducts the thumb away from the hand in
a plane parallel to the finger metacarpals.

Instructions to Patient: “Lift your thumb straight up.”
Demonstrate motion to the patient.

Grading

Grade 5 (Normal) and Grade 4 (Good): Completes tull
range of motion against resistance. Distinguishing Grades
5 and 4 may be difficult.

Grade 3 (Fair): Completes full range of motion with
no resistance.

Grade 2 (Poor): Completes partial range of motion.

Grade 1 (Trace): Palpate tendon of the abductor pollicis
longus at the base of the first metacarpal on the radial
side of the extensor pollicis brevis (Figure 5-214). It is
the most lateral tendon at the wrist.

Grade 0 (Zero): No contractile activity.

FIGURE 5-213

FIGURE 5-214

The extensor pollicis brevis can substitute for the
abductor pollicis longus. If the line of pull is toward
the dorsal surface of the forearm (extensor pollicis
brevis), substitution is occurring.

e If the abductor pollicis longus is stronger than the
brevis, the thumb will deviate toward the radial side
of the hand.
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e If the abductor pollicis brevis is stronger, deviation
will be toward the ulnar side.



ABDUCTOR POLLICIS BREVIS TEST

Grade 5 (Normal), Grade 4 (Good), and
Grade 3 (Fair)

Position of Patient: Forearm in supination, wrist in
neutral, and thumb relaxed in adduction.

Position of Therapist: Stabilize the metacarpals (Figure
5-215) by placing the examiner’s hand across the patient’s
palm with the thumb on the dorsal surface of the patient’s
hand (somewhat like a handshake but maintaining the
patient’s wrist in neutral). Apply resistance to the lateral
aspect of the proximal phalanx of the thumb in the direc-
tion of adduction.

Test: Patient abducts the thumb in a plane perpendicu-
lar to the palm. Observe wrinkling of the skin over the
thenar eminence and watch for the tendon of the pal-
maris longus to “pop out.”

Instructions to Patient: “Lift your thumb vertically

until it points to the ceiling.” Demonstrate motion to
the patient.

Grading

Grade 5 (Novmal): Completes full range of motion
with maximal finger resistance.

Grade 4 (Good): Tolerates moderate resistance.

Grade 3 (Fair): Completes full range of motion with
no resistance.

FIGURE 5-215

Grade 2 (Poor), Grade 1 (Trace), and
Grade 0 (Zero)

Position of Patient: Forearm in midposition, wrist in
neutral, and thumb relaxed in adduction.

Position of Therapist: Stabilize wrist in neutral.

Test: Patient abducts thumb in a plane perpendicular to
the palm.

Instructions to Patient: “Try to lift your thumb so it
points at the ceiling.”

Grading

Grade 2 (Poor): Completes partial range of motion.
Grade 1 (Trace): Palpate the belly of the abductor pol-
licis brevis in the center of the thenar eminence, medial

to the opponens pollicis (Figure 5-216).

Grade 0 (Zero): No contractile activity.

FIGURE 5-216

If the plane of motion is not perpendicular, but
toward the radial side of the hand, the substitution
may be by the abductor pollicis longus.
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THUMB ADDUCTION
(Adductor pollicis)

Adductor pollicis
(oblique head)

To: Adductc.)r pollicis
C8-T1

FIGURE 5-218

(Transverse head)

Range of Motion
PALMAR
70° to 0°
FIGURE 5-217

Table 5-27 THUMB ADDUCTION

1.D. Muscle Origin Insertion
173 Adductor pollicis Thumb (proximal phalanx,
ulnar side of base)
Obligue head Capitate bone

2nd and 3rd metacarpals (bases)
Palmar ligaments of carpal bones
Sheath of tendon of flexor carpi radialis

3rd metacarpal bone (palmar surface of
distal 2/3)

Transverse head

Other

164 1st dorsal interosseus
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THUMB ADDUCTION

(Adductor pollicis)

Grade 5 (Normal), Grade 4 (Good), and Grade 3 (Fair)

Position of Patient: Forearm in pronation, wrist in
neutral, and thumb relaxed and hanging down in
abduction.

Position of Therapist: Stabilize the metacarpals of the
four fingers by grasping the patient’s hand around
the ulnar side (Figure 5-219). Resistance is given on the
medial side of the proximal phalanx of the thumb in
the direction of abduction.

FIGURE 5-219

Test: Patient adducts the thumb by bringing the Ist
metacarpal up to the 2nd metacarpal. Alternatively, place
a sheet of paper between the thumb and the 2nd meta-
carpal (palmar pinch) and ask the patient to hold it while
you try to pull the paper away.

Instructions to Patient: “Bring your thumb up to your
index finger.” Demonstrate motion to the patient.

Grading

Grade 5 (Normal) and Grade 4 (Good): Completes full
range of motion and holds against maximal resistance.
Patient can resist rigidly (Grade 5), or the muscle yields
(Grade 4).

Grade 3 (Fair): Completes full range of motion with
no resistance.
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THUMB ADDUCTION

(Adductor pollicis)

Grade 2 (Poor) and Grade 1 (Trace)

Position of Patient: Forecarm in midposition, wrist in
neutral resting on table, and thumb in abduction.

Position of Therapist: Stabilize wrist on the table, and
use a hand to stabilize the finger metacarpals (Figure
5-220).

Test: Patient moves thumb horizontally in adduction.
The end position is shown in Figure 5-220.

Instructions to Patient: “Return your thumb to its
place next to your index finger.” Demonstrate motion
to patient.

FIGURE 5-220

Grading

Grade 2 (Poor): Completes full range of motion.

Grade 1 (Trace): Palpate the adductor pollicis on the
palmar side of the web space of the thumb by grasping
the web between the index finger and thumb (Figure
5-221). The adductor lies between the first dorsal inter-
osseus and the first metacarpal bone. This muscle is
difficult to palpate, and the therapist may have to ask
the patient to perform a palmar pinch to assist in its
location.

FIGURE 5-221

® The flexor pollicis longus and the flexor pollicis
brevis will flex the thumb, drawing it across the
palm. These muscles should be kept inactive during
the adduction test.

® The extensor pollicis longus may attempt to substi-
tute for the thumb adductor, in which case the
CMC joint will extend.
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OPPOSITION (THUMB TO LITTLE FINGER)
(Opponens pollicis and Opponens digiti minimsi)

Opponens
digiti
minimi

Opponens pollicis

Median n.
To: Opponens g

pollicis

C8-T1

To: Opponens digiti minimi
C8-T1
Opponens pollicis
C8-T1

FIGURE 5-223

Range of Motion

PALMAR Pad of thumb to pad of 5th
digit
FIGURE 5-222

Table 5-28 OPPOSITION (THUMB TO LITTLE FINGER)

1.D. Muscle Origin Insertion
172 Opponens pollicis Trapezium bone (tubercle) 1st metacarpal (entire length of lateral
Flexor retinaculum border and adjoining lateral half of
palmar surface)
161 Opponens digiti minimi Hamate (hook) 5th metacarpal (whole length of ulnar
Flexor retinaculum margin and adjacent palmar surface)
Others
171 Abductor pollicis brevis
170 Flexor pollicis brevis
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OPPOSITION (THUMB TO LITTLE FINGER)

(Opponens pollicis and Opponens digiti minimi)

This motion is a combination of abduction, flexion, and
medial rotation of the thumb (Figure 5-224).

The two muscles in thumb-to-fifth-digit opposition
(opponens pollicis and opponens digiti minimi) should

Grade 5 (Normal) to Grade 0 (Zero)

Position of Patient: Forecarm is supinated, wrist in
neutral, and thumb in adduction with MP and IP flexion.

Position of Therapist: Stabilize the hand by holding
the wrist on the dorsal surface. The examiner may prefer
the hand to be stabilized on the table.

Opponens pollicis: Apply resistance for the opponens
pollicis at the head of the 1st metacarpal in the direction
of lateral rotation, extension, and adduction (see Figure

5-224).

not be tested together and also should be graded
separately.

Opponens digiti minimi: Give resistance for the oppo-
nens digiti minimi on the palmar surface of the 5th
metacarpal in the direction of medial rotation (flattening
the palm) (Figure 5-225).

Test: Patient raises the thumb away from the palm and
rotates it so that its distal phalanx opposes the distal
phalanx of the little finger. Such apposition must be pad
to pad and not tip to tip. Opposition also can be evalu-
ated by asking the patient to hold an object between the
thumb and little finger (in opposition), which the exam-
iner tries to pull away.

Instructions to Patient: “Bring your thumb to your
little finger and touch the two pads, forming the letter
‘O’ with your thumb and little finger.” Demonstrate
motion to the patient and require practice.

FIGURE 5-224
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FIGURE 5-225



OPPOSITION (THUMB TO LITTLE FINGER)
(Opponens pollicis and Opponens digiti minimsi)

Grade 5 (Normal) to Grade 0 (Zero) Continued

Grading 5 and 4 contractions, the examiner will have difficulty in
palpating the opponens pollicis because of nearby
Grade 5 (Normal): Completes the full motion correctly ~ muscles. In Grade 3 muscles and below, the weaker
against maximal thumb resistance. contractions do not obscure palpation.
Palpate the opponens digiti minimi on the hypothenar
Grade 4 (Good): Completes the range against moderate  eminence on the radial side of the 5th metacarpal (Figure
resistance. 5-227). Be careful not to cover the muscle with the
finger or thumb used for palpation lest any contractile
Grade 3 (Fair): Moves thumb and 5th digit through  activity be missed.
full range of opposition with no resistance.
Grade 0 (Zero): No contractile activity.
Grade 2 (Poor): Moves through range of opposition.
(The two opponens muscles are evaluated separately.)

Grade 1 (Trace): Palpate the opponens pollicis along
the radial shaft of the 1st metacarpal (Figure 5-226). It
lies lateral to the abductor pollicis brevis. During Grades

FIGURE 5-226 FIGURE 5-227

® The flexor pollicis longus and the flexor pollicis
brevis can draw the thumb across the palm toward
the little finger. If such motion occurs in the plane
of the palm, it is not opposition; contact will be at
the tips, not the pads, of the digits.

® The abductor pollicis brevis may substitute, but
the rotation component of the motion will not be
present.
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HIP FLEXION

(Psoas major and Ilincus)
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Psoas major
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204 Chapter 6 | Testing the Muscles of the Lower Extremity



HIP FLEXION

(Psoas major and Ilincus)

Range of Motion

0°to 120°
Table 6-1 HIP FLEXION
1.D. Muscle Origin Insertion
174 Psoas major L1-L5 vertebrae (fransverse processes) Femur (lesser frochanter)
T12-L5 vertebral bodies (sides) and
their intervertebral discs
176 lliacus lliac fossa (upper 2/3) Femur (lesser frochanter; joins
lliac crest (inner lip) tendon of psoas major)
Sacroiliac and iliolumbar ligaments Femoral shaft below lesser
Sacrum (upper lateral surface) frochanter
Others
196 Rectus femoris
195 Sarforius
185 Tensor fasciae latae
177 Pectineus
180 Adductor brevis
179 Adductor longus
181 Adductor magnus
(superior fibers)
183 Gluteus medius (anterior)
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HIP FLEXION

(Psoas major and Ilincus)

Grade 5 (Normal), Grade 4 (Good), and Grade 3 (Fair)

Position of Patient: Short sitting with thighs fully sup-
ported on table and legs hanging over the edge. Patient
may use arms to provide trunk stability by grasping table
edge or with hands on table at each side (Figure 6-4).

Position of Therapist: Standing next to limb to be
tested. Contoured hand to give resistance over distal
thigh just proximal to the knee joint (see Figure 6-4).

Test: Patient flexes hip to end of range, clearing the
table and maintaining neutral rotation, holding that posi-
tion against the therapist’s resistance, which is given in a
downward direction toward the floor.

Instructions to Patient: “Lift your leg off the table and
don’t let me push it down.”

Grading

Grade 5 (Normal): Thigh clears table. Patient tolerates
maximal resistance.

Grade 4 (Good): Hip flexion holds against strong to
moderate resistance. There may be some “give” at the
end position.

Grade 3 (Fair): Patient completes test range and holds
the position without resistance (Figure 6-5).

FIGURE 6-4

FIGURE 6-5

The position of the pelvis influences the action of the
hip flexors. An anterior or posterior pelvic tilt influences
the length tension of the hip flexors, thereby making
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them appear stronger or weaker. To eliminate the influ-
ence of the pelvis, the pelvis and spine should be in
neutral as in Figure 6-4.



HIP FLEXION

Grade 2 (Poor)

Position of Patient: Side-lying with limb to be tested
uppermost and supported by therapist (Figure 6-6).
Trunk in neutral alignment. Lowermost limb may be
flexed for stability. A powder board may also be used to
decrease friction.

Position of Therapist: Standing behind patient. Cradle
test limb in one arm with hand support under the knee.
Opposite hand maintains trunk alignment at hip (see
Figure 6-6).

Test: Patient flexes supported hip. Knee is permitted to
flex to prevent hamstring tension.

Instructions to Patient: “Bring your knee up toward
your chest.”

Grading

Grade 2 (Poor): Patient completes the range of motion
in side-lying position.

(Psoas major and Ilincus)

Grade 1 (Trace) and Grade 0 (Zero)

Position of Patient: Supime: Test limb supported by
therapist under calf with hand behind knee (Figure 6-7).

Position of Therapist: Standing at side of limb to be
tested. Test limb is supported under calf with hand
behind knee. Free hand palpates the muscle just distal to
the inguinal ligament on the medial side of the sartorius
(see Figure 6-7).

Test: Patient attempts to flex hip.

Instructions to Patient: “Try to bring your knee up to
your nose.”

Grading

Grade 1 (Trace): Palpable contraction but no visible
movement.

Grade 0 (Zero): No palpable contraction of muscle.

FIGURE 6-6

FIGURE 6-7
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HIP FLEXION

(Psoas major and Ilincus)

® Use of the sartorius will result in external rotation The hip flexors are rather small muscles and therefore
and abduction of the hip. The sartorius, because it do not provide a lot of force, especially as compared
is superficial, will be seen and can be palpated with the quadriceps or gluteus maximus. Therefore a
along its entire length (Figure 6-8). negative break test is rarely achieved if using a straight

® If the tensor fasciae latae substitutes for the hip arm technique. This is why Figure 6-4 shows the
flexors, internal rotation and abduction of the hip therapist with a bent arm while providing resistance.
will result. The tensor may be seen and palpated Experience is necessary to appreciate what constitutes
at its origin on the anterior superior iliac spine a normal level of resistance.
(ASIS).

FIGURE 6-8
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HIP FLEXION, ABDUCTION, AND EXTERNAL ROTATION
WITH KNEE FLEXION

(Sartorius)

L2

L3

Sartorius

T

Femoral n.
To: Sartorius
L2-L3

FIGURE 6-10

ANTERIOR
FIGURE 6-9

W\ W >
iy / A Sartorius

Femur

FIGURE 6-11 Arrow indicates level of cross section.
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HIP FLEXION, ABDUCTION, AND EXTERNAL

ROTATION WITH KNEE FLEXION

Range of Motion

(Sartorius)

Because this is a two-joint
muscle, no specific range-of-
motion value can be
assigned solely to the

sartorius.
Table 6-2 HIP FLEXION, ABDUCTION, AND EXTERNAL ROTATION
1.D. Muscle Origin Insertion
195 Sartorius llium (anterior superior Tibia (shaft, proximal medial surface)
iliac spine (ASIS)) Capsule of knee joint (via slip)
lliac notch below ASIS Medial side fascia of leg
Others

Hip and knee flexors
Hip external rotators
Hip abductors

Grade 5 (Normal), Grade 4 (Good), and Grade 3 (Fair)

Position of Patient: Short sitting with thighs supported
on table and legs hanging over side. Arms may be used
for support.

Position of Therapist: Standing lateral to the leg to be
tested. Place one hand on the lateral side of knee; the
other hand grasps the medial-anterior surface of the
distal leg (Figure 6-12).

Hand at knee resists hip flexion and abduction (down
and inward direction) in the Grades 5 and 4 tests. Hand
at the ankle resists hip external rotation and knee flexion
(up and outward) in Grades 5 and 4 tests. No resistance
for Grade 3 test.

Test: Patient flexes, abducts, and externally rotates the
hip and flexes the knee (see Figure 6-12).

FIGURE 6-12
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Instructions to Patient: Therapist may demonstrate
the required motion passively and then ask the patient
to repeat the motion, or the therapist may place the limb
in the desired end position.

“Hold it! Don’t let me move your leg or straighten
your knee.”

Alternate instruction: “Slide your heel up the shin of
your other leg.”

Grading

Grade 5 (Normal): Holds end point against maximal
resistance.

Grade 4 (Good): Tolerates moderate

resistance.

to  heavy

Grade 3 (Fair): Completes movement and holds end
position but takes no resistance (Figure 6-13).

v L/
= (
V/
ST/
FIGURE 6-13



HIP FLEXION, ABDUCTION, AND EXTERNAL ROTATION

WITH KNEE FLEXION

Grade 2 (Poor)

Position of Patient: Supine. Heel of limb to be tested
is placed on contralateral shin (Figure 6-14).

Position of Therapist: Standing at side of limb to be
tested. Support limb as necessary to maintain
alignment.

Test: Patient slides test heel upward along shin to knee.

Instructions to Patient: “Slide your heel up to your
knee.”

Grading

Grade 2 (Poor): Completes desired movement.

FIGURE 6-14

The therapist is reminded that failure of the patient
to complete the full range of motion in the Grade 3
test is not an automatic Grade 2. The patient should
be tested in the supine position to ascertain whether
the correct grade is Grade 2 or less.

(Sartorius)

Grade 1 (Trace) and Grade 0 (Zero)

Position of Patient: Supine.

Position of Therapist: Standing on side to be tested.
Cradle test limb under calf with hand supporting limb
behind knee. Opposite hand palpates sartorius on medial
side of thigh where the muscle crosses the femur (Figure
6-15). Therapist may prefer to palpate near the muscle
origin just below the ASIS.

Test: Patient attempts to slide heel up shin toward knee.

Instructions to Patient: “Try to slide your heel up to
your knee.”

Grading

Grade 1 (Trace): Therapist can detect slight contraction
of muscle; no visible movement.

Grade 0 (Zero): No palpable contraction.

FIGURE 6-15

Substitution by the iliopsoas or the rectus femoris
results in pure hip flexion without abduction and
external rotation.
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HIP EXTENSION

(Gluteus maximus and Hamstrings)

Inferior gluteal n.
To: Gluteus maximus
Gluteus L5-S2

maximus

4l
J <——Sciatic nerve, tibial part
To: Semimembranosus
L5-S2
Semitendinosus
L5-S2
Biceps femoris (long head)
L5-S2

N,

Biceps femoris
(long head)

Semitendinosus FIGURE 6-18

Semimembranosus

POSTERIOR
FIGURE 6-16 FIGURE 6-17

Semitendinosus

FIGURE 6-19 Arrow indicates level of cross section.
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HIP EXTENSION

Table 6-3 HIP EXTENSION

(Gluteus maximus and Hamstrings)

Range of Motion

0°to 20°

Some authors say as low as
O°to &°.

I.D. Muscle

182 Gluteus maximus

193 Semitendinosus

194 Semimemlbranosus

192 Biceps femoris
(long head)

Others

181 Adductor magnus
(inferior)

183 Gluteus medius
(posterior)

Origin

llium (posterior gluteal line)

lliac crest (posterior medial)

Sacrum (dorsal surface of lower part)
Coccyx (side)

Sacrotuberous ligament

Aponeurosis over gluteus medius

Ischial tfuberosity (upper areaq,
inferomedial impression via fendon
shared with biceps femoris)

Aponeurosis (between the two muscles)

Ischial tfuberosity (superolateral
impression)

Ischial tuberosity (inferomedial
impression via tendon shared with
semitendinosus)

Sacrotuberous ligament

Insertion

Femur (gluteal tuberosity)

lliotibial tract of fascia lata

Tibia (proximal medial shaft)
Pes anserinus

Tibia (medial condyle, posterior
aspect)

Oblique popliteal ligament of
knee joint

Aponeurosis over distal muscle
(variable)

Fibula (head)
Tibia (lateral condyle)’
Aponeurosis
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HIP EXTENSION

(Gluteus maximus and Hamstrings)

Grade 5 (Normal), Grade 4 (Good), and Grade 3 (Fair)

(Aggregate of all hip extensor muscles)

Position of Patient: Prone. Arms may be overhead or
abducted to hold sides of table. (Note: If there is a hip
flexion contracture, immediately go to the test described
for hip extension modified for hip flexion tightness [see
page 216].)

Position of Therapist: Standing at side of limb to be
tested at level of pelvis. (Note: Figure 6-20 shows thera-
pist on opposite side to avoid obscuring activity.)

The hand providing resistance is placed on the poste-
rior leg just above the ankle. The opposite hand may be
used to stabilize or maintain pelvis alignment in the area
of the posterior superior spine of the ilium (see Figure
6-20). This is the most demanding test because the lever
arm is longest.

Alternate Position: The hand that gives resistance is
placed on the posterior thigh just above the knee (Figure
6-21). This is a less demanding test. Optimal resistance
cannot be applied because of the shorter lever arm and
so this test is not recommended.

FIGURE 6-20

FIGURE 6-21
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Test: Patient extends hip through entire available range
of motion. Resistance is given straight downward toward
the floor. (No resistance is given in the Grade 3 test.)

Instructions to Patient: “Lift your leg off the table as
high as you can without bending your knee (see Figure
6-20).”

Grading

Grade 5 (Normal): Patient completes available range
and holds test position against maximal resistance.

Grade 4 (Good): Patient completes available range
against strong to moderate resistance.

Grade 3 (Fair): Completes range and holds the posi-
tion without resistance (Figure 6-22).

FIGURE 6-22

Knowledge of the ranges of motion of the hip is
imperative before manual tests of hip strength are
conducted. If the therapist does not have a clear idea
of hip joint ranges, especially tightness in the hip
flexor muscles, test results will be inaccurate. For
example, in the presence of a hip flexion contracture,
the patient must be standing and leaning over the
edge of the table to test hip extension strength. This
position (described on page 216) will decrease the
influence of the flexion contracture and will allow the
patient to move against gravity through the available
range. The supine hip extensor test can also be used
(see page 218).



HIP EXTENSION

Grade 2 (Poor)

Position of Patient: Side-lying with test limb upper-
most. Knee straight and supported by therapist. Lower-
most limb is flexed for stability.

Position of Therapist: Standing behind patient at thigh
level. Therapist supports test limb just below the knee,
cradling the leg (Figure 6-23). Opposite hand is placed
over the pelvic crest to maintain pelvic and hip
alignment.

Test: Patient extends hip through full range of motion.

Instructions to Patient: “Bring your leg back toward
me. Keep your knee straight.”

Grading

Grade 2 (Poor): Completes range of extension motion
in side-lying position.

FIGURE 6-23

(Gluteus maximus and Hamstrings)

Grade 1 (Trace) and Grade 0 (Zero)
Position of Patient: Prone.

Position of Therapist: Standing on side to be tested at
level of hips. Palpate hamstrings (deep into tissue with
fingers) at the ischial tuberosity (Figure 6-24). Palpate
the gluteus maximus with deep finger pressure over the
center of the buttocks and also over the upper and lower
fibers.

Test: Patient attempts to extend hip in prone position
or tries to squeeze buttocks together.

Instructions to Patient: “Try to lift your leg from the
table.” OR “Squeeze your buttocks together.”

Grading

Grade 1 (Trace): Palpable contraction of either ham-
strings or gluteus maximus but no visible joint move-
ment. Contraction of gluteus maximus will result in
narrowing of the gluteal crease.

Grade 0 (Zero): No palpable contraction.

FIGURE 6-24

e Because of the strength of the gluteus maximus, it
is imperative that the therapist achieve an optimal
position for himself or herself, such as using a straight
arm technique to apply as much force as the muscle
can bear. See hip extensor test to isolate the gluteus
maximus on page 214.

e The therapist should be aware that the hip extensors
are among the most powerful muscles in the body,
and most therapists will not be able to “break” a

Grade 5 hip extension. Care should be taken not to
overgrade a Grade 4 muscle.

e Care should be taken so that the patient does not
rotate the trunk to increase motion or create added
force production. Having the patient turn his or her
head to the opposite side will help prevent trunk
rotation.

* Be aware that isolating the hamstrings (page 240)
may be a better indicator of hamstring strength.
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HIP EXTENSION

(Gluteus maximus and Hamstrings)

HIP EXTENSION TEST TO ISOLATE GLUTEUS MAXIMUS
Grade 5 (Normal), Grade 4 (Good), and Grade 3 (Fair)

Position of Patient: Prone with knee flexed to 90°.
(Note: In the presence of a hip flexion contracture, do
not use this test but refer to the test for hip extension
modified for hip flexion tightness [see page 216].)

Position of Therapist: Standing at the side to be tested
at the level of the pelvis. (Note: The therapist in the
illustration is shown on the wrong side to avoid obscur-
ing test positions.) Hand for resistance is contoured over
the posterior thigh just above the knee. The opposite
hand may stabilize or maintain the alignment of the
pelvis (Figure 6-25).

For the Grade 3 test, the knee may need to be sup-
ported in flexion (by cradling at the ankle).

Test: Patient extends hip through available range, main-
taining knee flexion. Resistance is given in a new straight
downward direction (toward floor).

Instructions to Patient: “Lift your foot to the ceiling.”
OR “Lift your leg, keeping your knee bent.”

Grading

Grade 5 (Normal): Completes available range of motion
and holds end position against maximal resistance.

Grade 4 (Good): Limb position can be held against
heavy to moderate resistance.

Grade 3 (Fair): Completes available range of motion
and holds end position but takes no resistance (Figure
6-26).

FIGURE 6-25
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FIGURE 6-26



HIP EXTENSION

Grade 2 (Poor)

Position of Patient: Side-lying with test limb upper-
most. Knee is flexed and supported by therapist. Lower-
most hip and knee should be flexed for stability (Figure
6-27).

Position of Therapist: Standing behind the patient at
thigh level. (Note: The therapist in the illustration is
shown on the wrong side to avoid obscuring test posi-
tions.) Therapist cradles uppermost leg with forearm and
hand under the flexed knee. Other hand is on pelvis to
maintain postural alignment.

Test: Patient extends hip with supported knee flexed.

Instructions to Patient: “Move your leg back toward
me.”

Grading

Grade 2 (Poor): Completes available range of motion in
side-lying position.

FIGURE 6-27

(Gluteus maximus and Hamstrings)

Grade 1 (Trace) and Grade 0 (Zero)

This test is identical to the Grades 1 and O tests for
aggregate hip extension (see Figure 6-24). The patient
is prone and attempts to extend the hip or squeeze the
buttocks together while the therapist palpates the gluteus
maximus.

* Hip extension range is less when the knee is flexed
because of tension in the rectus femoris. A dimin-
ished range may be observed, therefore, in tests
that isolate the gluteus maximus.

* Often, cramping will occur when the patient con-
tracts the hamstrings during this test. The authors
have found that flexing the knee to 70° or applying
resistance in the middle of the muscle belly during
the test will decrease the likelihood of a cramp.
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HIP EXTENSION

(Gluteus maximus and Hamstrings)

HIP EXTENSION TESTS MODIFIED FOR HIP FLEXION TIGHTNESS

Grade 5 (Normal), Grade 4 (Good), and
Grade 3 (Fair)

Position of Patient: Patient stands with hips flexed and
places torso prone on the table (Figure 6-28). The arms
are used to “hug” the table for support. The knee of the
non-test limb should be flexed to allow the test limb to
rest on the floor at the start of the test.

Position of Therapist: Standing at side of limb to be
tested. (Note: Figure 6-28 shows the therapist on the
opposite side to avoid obscuring test positions.) The
hand used to provide resistance is contoured over the
posterior thigh just above the knee. The opposite hand
stabilizes the pelvis laterally to maintain hip and pelvis
posture (see Figure 6-25).

Test: Patient extends hip through available range, but
hip extension range is less when the knee is flexed.
Keeping the knee in extension will test all hip extensor
muscles; with the knee flexed, the isolated gluteus
maximus will be evaluated.

Resistance is applied downward (toward floor) and
forward.

Instructions to Patient: “Lift your foot off the floor as
high as you can.”

FIGURE 6-28
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Grading
Grade 5 (Normal): Completes available range of hip
extension. Holds end position against maximal
resistance.

Grade 4 (Good): Completes available range of hip exten-
sion. (Note: Because of the intrinsic strength of these
muscles, weakened extensor muscles frequently are over-
graded.) Limb position can be held against heavy to
moderate resistance.

Grade 3 (Fair): Completes available range and holds
end position without resistance.

Grade 2 (Poor), Grade 1 (Trace), and
Grade 0 (Zero)

Do not test the patient with hip flexion contractures and
weak extensors (less than Grade 3) in the standing posi-
tion. Position the patient side-lying on the table. Conduct
the test as described for the aggregate of extensor muscles
(see page 212) or for the isolated gluteus maximus (see
page 214).

The modified hip extensor test is the preferred test for
people who are not able or are unwilling to lay prone.
This test may elicit a greater effort than the alternate
supine hip extensor test.
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HIP EXTENSION

(Gluteus maximus and Hamstrings)

SUPINE HIP EXTENSION TEST

An alternate hip extensor test is the supine hip extension
test. This supine test may be substituted to eliminate
change of patient position. Grades 5, 4, 3, and 2 have
been validated in this position (n = 44 subjects) by mea-
suring maximum hip extension torques recorded via a
strain gauge dynamometer.”

Grade 5 (Normal), Grade 4 (Good),
Grade 3 (Fair), and Grade 2 (Poor)

Position of Patient: Supine with heels off end of table.
Arms folded across chest or abdomen. (Do not allow
patient to push into table with upper extremities.) The
patient’s hip range should be measured to assure approx-
imately 35 inches (approximately 65°of flexion). This is
the distance the leg should be lifted during the test
(Figure 6-29).

FIGURE 6-29
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Position of Therapist: Standing at end of table. Both
hands are cupped under the heel (Figure 6-30). The
therapist should be in a position to resist this typically
very strong muscle.

Test: Patient presses heel into therapist’s cupped hands,
attempting to maintain full extension of the limb as the
therapist raises the limb approximately 35 inches from
the table. No instructions are given for the opposite leg
except to relax.

Instructions to Patient: “Don’t let me lift your leg
from the table. Keep your hip locked tight.”

FIGURE 6-30



HIP EXTENSION

(Gluteus maximus and Hamstrings)

Grade 5 (Normal), Grade 4 (Good), Grade 3 (Fair), and Grade 2 (Poor) Continued

Grading

Grade 5 (Normal): Hip locks in neutral (full extension)
throughout this test. Pelvis and back elevate as one
locked unit as the therapist raises the limb (Figure 6-31).
The opposite limb will rise involuntarily, illustrating a
locked pelvis.

Grade 4 (Good): Hip flexes before pelvis and back
elevate and lock as the limb is raised by the therapist.
Hip flexion should not exceed 30°before locking occurs
(Figure 6-32). The other leg will rise involuntarily, but
will have some hip flexion because the pelvis is not fully
locked.

FIGURE 6-31

FIGURE 6-32

Grade 3 (Fair): Full elevation of the limb to the end of
straight-leg raising range (60°of hip flexion) with little
or no clevation of the pelvis, demonstrated by the other
leg remaining on the table. Therapist feels strong resis-
tance throughout the test (Figure 6-33).

Grade 2 (Poor): Hip flexes fully with only minimal
resistance felt (therapist should check to ensure that
the resistance felt exceeds the weight of the limb; see
Figure 6-33).

//////////////////

FIGURE 6-33
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HIP ABDUCTION

(Gluteus medius and Gluteus minimus)

Superior gluteal n.
To: Gluteus medius

L4-S1

Gluteus minimus

L4-S1

Gluteus

medius
FIGURE 6-35
Range of Motion
LATERAL
0°to 45°
FIGURE 6-34

Table 6-4 HIP ABDUCTION
I.D. Muscle Origin Insertion
183 Gluteus medius* llium (outer surface between crest Femur (greater trochanter,

and anterior and posterior lateral aspect)

gluteal lines)

Fascia (over upper part)

184 Gluteus minimus llium (outer surface between Femur (greater trochanter,

anterior and inferior gluteal lines) anterolateral ridge)

Greater sciatic notch Fibrous capsule of hip joint

Others
182 Gluteus maximus (upper fibers)
185 Tensor fasciae latae
187 Obturator internus (thigh flexed)
189 Gemellus superior (thigh flexed)
190 Gemellus inferior (thigh flexed)
195 Sartorius

*The greatest percentage of maximum voluntary confraction (MVC) in the gluteus medius was recorded during single limb stance when the subject
was simulfaneously abducting the opposite leg. This finding validates the gluteus medius as a pelvic stabilizer.>*
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HIP ABDUCTION

(Gluteus medius and Gluteus minimus)

Grade 5 (Normal), Grade 4 (Good), and Grade 3 (Fair)

Position of Patient: Side-lying with test leg uppermost.
Start test with the limb slightly extended beyond the
midline and the pelvis rotated slightly forward (Figure
6-36). Lowermost leg is flexed for stability.

Position of Therapist: Standing behind patient. Hand
used to give resistance is contoured across the lateral
surface of the knee. The hand used to palpate the gluteus
medius is just proximal to the greater trochanter of the
femur (see Figure 6-36). (No resistance is used in a
Grade 3 test.)

To distinguish a Grade 5 from a Grade 4 result, first
apply resistance at the ankle and then at the knee (Figure
6-37). Applying resistance at the ankle creates a longer
lever arm, thus requiring more patient effort to resist the

FIGURE 6-36

FIGURE 6-37

movement. If the patient cannot hold the limb in the
test position with the resistance at the ankle but can at
the knee, the grade is Grade 4. The therapist is reminded
always to use the same lever in a given test sequence and
in subsequent comparison tests.

Test: Patient abducts hip through the complete avail-
able range of motion without flexing the hip or rotating
it in either direction. Resistance is given in a straight
downward direction.

Instructions to Patient: “Lift your leg up in the air.
Hold it. Don’t let me push it down.”

Grading

Grade 5 (Normal): Completes available range and
holds end position against maximal resistance.

Grade 4 (Good): Completes available range and holds
against heavy to moderate resistance or with resistance
given at the knee.

Grade 3 (Fair): Completes range of motion and holds
end position without resistance (Figure 6-38).

FIGURE 6-38
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HIP ABDUCTION

(Gluteus medius and Gluteus minimus)

Grade 2 (Poor)
Position of Patient: Supine.

Position of Therapist: Standing on side of limb being
tested. One hand supports and lifts the limb by holding
it under the ankle to raise limb just enough to decrease
friction. This hand offers no resistance, nor should it be
used to offer assistance to the movement. On some
smooth surfaces, such support may not be necessary
(Figure 6-39). (Note: Figures 6-39 and 6-40 show thera-
pist on opposite side of patient to avoid obscuring test
positions.)

The other hand palpates the gluteus medius just prox-
imal to the greater trochanter of the femur (Figure 6-40).

Test: Patient abducts hip through available range.

Instructions to Patient: “Bring your leg out to the
side. Keep your kneecap pointing to the ceiling.”

Grading

Grade 2 (Poor): Completes range of motion supine with
no resistance and minimal to zero friction.

FIGURE 6-39
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Grade 1 (Trace) and Grade 0 (Zero)

Position of Patient: Supine.

Position of Therapist: Standing at side of limb being
tested at level of thigh. One hand supports the limb under
the ankle just above the malleoli. The hand should provide
neither resistance nor assistance to movement (see Figure
6-40). Palpate the gluteus medius on the lateral aspect of
the hip just above the greater trochanter.

Test: Patient attempts to abduct hip.

Instructions to Patient: “Try to bring your leg out to
the side.”

Grading

Grade 1 (Trace): Palpable contraction of gluteus medius
but no movement of the part.

Grade 0 (Zevo): No palpable contraction.

FIGURE 6-40



HIP ABDUCTION

(Gluteus medius and Gluteus minimus)

® Hip-hike substitution: Patient may “hike hip” by
approximating pelvis to thorax using the lateral
trunk muscles, which move the limb through partial
abduction range (Figure 6-41). This movement may
be detected by observing the lateral trunk and hip
(move clothing aside) and palpating the gluteus
medius above the trochanter.

—

FIGURE 6-41

® External rotation and flexion substitution: The

patient may try to externally rotate during the
motion of abduction (Figure 6-42). This could
allow the oblique action of the hip flexors to substi-
tute for the gluteus medius.

Tensor fasciae latae substitution: If the test is allowed
to begin with active hip flexion or with the hip
positioned in flexion, there is an opportunity for the
tensor fasciae latae to abduct the hip.

FIGURE 6-42

e The therapist should not be able to “break” a Grade

5 muscle (resistance applied at the ankle) and most
therapists will not be able to “break” a Grade 4
muscle. A grade of 4 often masks significant weak-
ness because of the intrinsic great strength of these
muscles. Giving resistance at the ankle rather than at
the knee is helpful in overcoming this problem.
However, respect the long lever arm and apply resis-
tance carefully, assessing whether the patient can
adequately resist the movement through the long
lever arm.

* Do not attempt to palpate contractile activity of

muscle through clothing. (This is one of the cardinal
principles of manual muscle testing.)

When the patient is supine, the weight of the oppo-
site limb stabilizes the pelvis. It is not necessary,
therefore, to use a hand to manually stabilize the
contralateral limb.

A patient should be able to stand on one leg keeping
the pelvis level with a muscle grade of 4 or 5.
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HIP ABDUCTION FROM FLEXED POSITION

(Tensor fuscine latace)

L4-S1

Tensor
fascia lata

\
BN B

Femur

LATERAL

FIGURE 6-43

Superior gluteal n.
To: Tensor fasciae latae

L4

FIGURE 6-44

FIGURE 6-45 Arrow indicates level of cross section.

Table 6-5 HIP ABDUCTION FROM FLEXION

Range of Motion

Two-joint muscle. No specific
range of motion can be
assigned solely to the tensor.

1.D. Muscle Origin

185 Tensor fasciae latae lliac crest (outer lip)
Fasciae latae (deep)
Anterior superior iliac spine

(lateral surface)

Others

183 Gluteus medius

184 Gluteus minimus

Insertion

lliotibial tract (between
its 2 layers, ending 1/3
of the way down)
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HIP ABDUCTION FROM FLEXED POSITION

(Tensor fascine latae)

Grade 5 (Normal), Grade 4 (Good), and Grade 3 (Fair)

Position of Patient: Side-lying. Uppermost limb (test
limb) is flexed to 45°and lies across the lowermost limb
with the foot resting on the table (Figure 6-46).

Position of Therapist: Standing behind patient at level
of pelvis. Hand for resistance is placed on lateral surface
of the thigh just above the knee. Hand providing stabi-
lization is placed on the crest of the ilium (Figure 6-47).

FIGURE 6-46

FIGURE 6-47

Test: Patient abducts hip through approximately 30°of
motion. Resistance is given downward (toward floor)
from the lateral surface of the distal femur. No resistance
is given for the Grade 3 test.

Instructions to Patient: “Lift your leg and hold it.
Don’t let me push it down.”

Grading

Grade 5 (Normal): Completes available range; holds
end position against maximum resistance.

Grade 4 (Good): Completes available range and holds
against strong to moderate resistance.

Grade 3 (Fair): Completes movement; holds end posi-
tion but takes no resistance (Figure 6-48).

FIGURE 6-48
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HIP ABDUCTION FROM FLEXED POSITION

(Tensor fuscine latace)

Grade 2 (Poor)

Position of Patient: Patient is in long-sitting position,
supporting trunk with hands placed behind body on
table. Trunk may lean backward up to 45°from vertical
(Figure 6-49).

Position of Therapist: Standing at side of limb to be
tested. (Note: Figure 6-49 deliberately shows therapist
on wrong side to avoid obscuring test positions.) One
hand supports the limb under the ankle; this hand will
be used to reduce friction with the surface as the patient
moves but should neither resist nor assist motion.

The other hand palpates the tensor fasciae latae on the
proximal anterolateral thigh where it inserts into the
iliotibial band.

Test: Patient abducts hip through 30°of range.

Instructions to Patient: “Bring your leg out to the
side.”

Grading

Grade 2 (Poor): Completes hip abduction motion to
30°.

Grade 1 (Trace) and Grade 0 (Zero)
Position of Patient: Long sitting.

Position of Therapist: One hand palpates the insertion
of the tensor at the lateral aspect of the knee. The other
hand palpates the tensor on the anterolateral thigh
(Figure 6-50).

Test: Patient attempts to abduct hip.

Instructions to Patient: “Try to move your leg out to
the side.”

Grading

Grade 1 (Trace): Palpable contraction of tensor fibers
but no limb movement.

Grade 0 (Zero): No palpable contractile activity.

FIGURE 6-49
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FIGURE 6-50



HIP ADDUCTION

Adductor
brevis

Adductor
magnus

FIGURE 6-51

(Adductors magnus, brevis, and longus; Pectineus and Gracilis)
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longus
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FIGURE 6-52
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FIGURE 6-54 Arrow indicates level of cross section.
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HIP ADDUCTION

(Adductors magnus, brevis, and longus; Pectineus and Gracilis)

Range of Motion

0°to 156°-20°

Table 6-6 HIP ADDUCTION

1.D. Muscle Origin
181 Adductor magnus Ischial tuberosity (inferolateral)
Ischium (inferior ramus)
Pubis (inferior ramus)
Fibers from pubic ramus to femur
(gluteal tuberosity), often
named the Adductor minimus
180 Adductor brevis Pubis (body and inferior ramus)
179 Adductor longus Pubis (anterior aspect between
crest and symphysis)
177 Pecftineus Pubic pectin
Fascia of pectineus
178 Gracilis Pubis (body and inferior ramus)
Ischial ramus
Others
188 Obturator externus
182 Gluteus maximus

(lower)

Insertion

Femur (linea aspera via aponeurosis,
medial supracondylar line, and
adductor tubercle on medial
condyle)

Femur (via aponeurosis to linea aspera)
Femur (linea aspera via aponeurosis)

Femur (on a line from lesser frochanter
to linea aspera)

Tibia (medial shaft distal fo condyle)
Pes anserinus
Deep fascia of leg

Grade 5 (Normal), Grade 4 (Good), and Grade 3 (Fair)

Position of Patient: Side-lying with test limb (lower-
most) resting on the table. Uppermost limb (nontest
limb) in 25° of abduction supported by the therapist. The
therapist cradles the leg with the forearm, the hand sup-
porting the limb on the medial surface of the knee
(Figure 6-55). Alternatively, the upper limb can be
placed on a padded stool approximately 9 to 12 inches
high.

FIGURE 6-55
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Position of Therapist: Standing behind patient at knee
level. The hand giving resistance to the test limb (low-
ermost limb) is placed on the medial surface of the distal
femur, just proximal to the knee joint. Resistance is
directed straight downward toward the table (Figure
6-56).

FIGURE 6-56



HIP ADDUCTION

(Adductors magnus, brevis, and longus; Pectineus and Gracilis)

Grade 5 (Normal), Grade 4 (Good), and
Grade 3 (Fair) Continued

Test: Patient adducts hip until the lower limb contacts
the upper one.

Instructions to Patient: “Lift your bottom leg up to
your top one. Hold it. Don’t let me push it down.”

For Grade 3: “Lift your bottom leg up to your top
one. Don’t let it drop!”

Grading

Grade 5 (Normal): Completes full range; holds end
position against maximal resistance.

Grade 4 (Good): Completes full movement but tolerates
strong to moderate resistance.

Grade 3 (Fair): Completes full movement; holds end
position but takes no resistance (Figure 6-57).

Grade 2 (Poor)

Position of Patient: Supine. The non-test limb is posi-
tioned in some abduction to prevent interference with
motion of the test limb.

Position of Therapist: Standing at side of test limb at
knee level. One hand supports the ankle and elevates it
slightly from the table surface to decrease friction as the
limb moves across the table (Figure 6-58). The therapist
uses this hand neither to assist nor to resist motion. The
opposite hand palpates the adductor mass on the inner
aspect of the proximal thigh.

Test: Patient adducts hip without rotation. Toes stay
pointed toward the ceiling.

Instructions to Patient: “Bring your leg in toward the
other one.”

Grading
Grade 2 (Poor): Patient adducts limb through full range.

FIGURE 6-57

FIGURE 6-58
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HIP ADDUCTION

(Adductors magnus, brevis, and longus; Pectineus and Gracilis)

Grade 1 (Trace) and Grade 0 (Zero)

Position of Patient: Supine.

Position of Therapist: Standing on side of test limb.
One hand supports the limb under the ankle. The other
hand palpates the adductor mass on the proximal medial
thigh (Figure 6-59).

Test: Patient attempts to adduct hip.
Instructions to Patient: “Try to bring your leg in.”

Grading

Grade 1 (Trace): Palpable
movement.

contraction, no limb

Grade 0 (Zevo): No palpable contraction.

FIGURE 6-59
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Hip flexor substitution: The patient may attempt to
substitute the hip flexors for the adductors by
internally rotating the hip (Figure 6-60). The
patient will appear to be trying to turn supine from
side-lying. Maintenance of true side-lying is
necessary for an accurate test.

FIGURE 6-60

In the supine test position for Grades 2, 1, and 0, the
weight of the opposite limb stabilizes the pelvis, so
there is no need for manual stabilization of the non-
test hip.



HIP EXTERNAL ROTATION

(Obturators internus and externus, Gemelli superior and infevior, Piviformis, Quadratus femoris, Gluteus

Piriformis

Gemellus
superior

Gemellus
inferior

Obturator Obturator Quadratus
externus internus femoris
FIGURE 6-61 FIGURE 6-62

maximus [posterior])
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s f
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To: Piriformis
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L5-S1
Gemellus inferior
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n. to Obturator internus
To: Obturator internus
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FIGURE 6-63
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HIP EXTERNAL ROTATION

(Obturators internus and externus, Gemelli superior and inferior, Piviformis, Quadratus femoris, Gluteus
maximus [posterior])

Range of Motion

0°to 45°

Table 6-7 HIP EXTERNAL ROTATION

1.D.
188

187

191

186

189

190

182

Others
195
192
183
174
181

179
202

Muscle

Obturator externus

Obturator infernus

Quadratus femoris (may
be absent)

Piriformis

Gemellus superior (may
be absent)

Gemellus inferior

Gluteus maximus

Sartorius

Biceps femoris (long head)
Gluteus medius (posterior)

Psoas major

Adductor magnus
(position-dependent)

Adductor longus
Popliteus (tibia fixed)

Origin

Obturator membrane (external
surface)

Ischium (ramus)

Pubis (inferior ramus)

Pelvis (lesser pelvic cavity, inner
surface)

Pubis (inferior ramus)

Ischium (ramus)

Obturator fascia

Obturator foramen (margin)

Obturator membrane

Upper brim of greater sciatic
foramen

Ischial tuberosity (external aspect)

Sacrum (anterior surface)
llium (gluteal surface near
posterior inferior iliac spine)
Sacrotuberous ligament
Capsule of sacroiliac joint

Ischium (spine, dorsal surface)

Ischial tuberosity (upper part)

llium (posterior gluteal line and
crest)

Sacrum (dorsal and lower aspects)

Coccyx (side)

Sacrotuberous ligament

Aponeurosis over gluteus medius

Insertion

Femur (frochanteric fossa)

Femur (greater frochanter,
medial)
Tendon fuses with gemelli

Femur (quadrate tubercle
on trochanteric crest)

Femur (greater trochanter,
medial side)

Femur (greater trochanter,
medial surface)

Blends with tendon of
obturator internus

Femur (greater trochanter,
medial surface)

Blends with tendon of
obturator internus

Femur (gluteal tuberosity)
lliotibial tract of fascia lata
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HIP EXTERNAL ROTATION

(Obturators internus and externus, Gemelli superior and infevior, Piviformis, Quadratus femoris, Gluteus

maximus [posterior])

Grade 5 (Normal), Grade 4 (Good), and Grade 3 (Fair)

Position of Patient: Short sitting. (Trunk may be sup-
ported by placing hands flat or fisted at sides of chair or
table [Figure 6-64].)

Position of Therapist: Sits on a low stool or kneels
beside limb to be tested. The hand that gives resistance
is placed on the medial aspect of the ankle just above the
malleolus. Resistance is applied as a laterally directed
force at the ankle (see Figure 6-64).

The other hand, which will offer counter-pressure, is
contoured over the lateral aspect of the distal thigh just
above the knee. Stabilization is provided in a medially
directed force at the knee counteracting the resistance
provided at the ankle. The two forces are applied in
counter-directions for this rotary motion (see Figure
6-64).

FIGURE 6-64

Test: Patient externally rotates the hip.

Instructions to Patient: “Don’t let me turn your leg
out.”

Grading

Grade 5 (Normal): Holds at end of range against
maximal resistance.

Grade 4 (Good): Holds at end of range against strong
to moderate resistance.

Grade 3 (Fair): Holds end position but tolerates no
resistance (Figure 6-65).

FIGURE 6-65
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HIP EXTERNAL ROTATION

(Obturators internus and externus, Gemelli superior and inferior, Piviformis, Quadratus femoris, Gluteus

maximus [posterior])

Grade 2 (Poor)

Position of Patient: Supine. Test limb is in internal
rotation.

Position of Therapist: Standing at side of limb to be
tested. The therapist may need to support the limb in
internal rotation since gravity tends to pull the limb into
external rotation.

Test: Patient externally rotates hip in available range of
motion (Figure 6-66). One hand may be used to main-
tain pelvic alignment at lateral hip.

Instructions to Patient: “Roll your leg out.”

Grading

Grade 2 (Poor): Completes external rotation range of
motion. As the hip rolls past the midline, minimal resis-
tance can be offered to offset the assistance of gravity.

Alternate Test for Grade 2: With the patient short
sitting, the therapist places the test limb in maximal
internal rotation. The patient then is instructed to return
the limb actively to the midline (neutral) position against
slight resistance. Care needs to be taken to ensure that
gravity is not the predominant force. If this motion is
performed satisfactorily, the test is assessed as a Grade 2.

FIGURE 6-66
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Grade 1 (Trace) and Grade 0 (Zero)

Position of Patient: Supine with test limb placed in
internal rotation.

Position of Therapist: Standing at side of limb to be
tested.

Test: Patient attempts to externally rotate hip.

Instructions to Patient: “Try to roll your leg out.”

Grading

Grade 1 (Trace) and Grade 0 (Zero): The external
rotator muscles, except for the gluteus maximus, are not
palpable. If there is any discernible movement (contrac-
tile activity), a grade of 1 should be given; otherwise, a
grade of 0 is assigned on the principle that whenever
uncertainty exists, the lesser grade should be awarded.

e There is wide variation in the amount of hip exter-
nal rotation range of motion that can be considered
normal. It is imperative, therefore, that a patient’s
accurate range (in each test position) be known
before manual muscle testing takes place.

e There is greater range of rotation at the hip when
the hip is flexed than when it is extended, probably
secondary to laxity of hip joint structures.

e In short-sitting tests, the patient should 7ot be
allowed to use the following motions, lest they add
visual distortion and confound the test results:

a. Lift the contralateral buttock off the table or
lean in any direction to lift the pelvis;

b. Increase flexion of the test knee;

c. Abduct the test hip.



HIP INTERNAL ROTATION

(Glutei minimus and medius; Tensor fascine lntae)

Superior gluteal n. L4

To: Gluteus medius

L4-S1

Gluteus minimus L5
L4-S1

Tensor fasciae latae

L4-S1 S1

Gluteus
minimus
FIGURE 6-68
Range of Motion
LATERAL
0°to 45°
FIGURE 6-67
Table 6-8 HIP INTERNAL ROTATION
1.D. Muscle Origin Insertion
184 Gluteus minimus llium (outer surface between Femur (greater trochanter,
(anterior fibers) anterior and inferior gluteal lines) anterior aspect)
Greater sciatic noftch Fibrous capsule of hip joint
185 Tensor fascice latae lliac crest (outer lip) lliotibial tract (between its
Fascia lata (deep) two layers ending 1/3
Anterior superior iliac spine (lateral down femur)
surface)
183 Gluteus medius llium (outer surface between crest Femur (greater trochanter,
(anterior fibers) and posterior gluteal line) lateral surface)
Gluteal fascia
Others
193 Semitendinosus
194 Semimembranosus
181 Adductor magnus
(position-dependent)
179 Adductor longus

(position-dependent)
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HIP INTERNAL ROTATION

(Glutei minimus and medius; Tensor fascine lntae)

Grade 5 (Normal), Grade 4 (Good), and Grade 3 (Fair)

Strength at the hip often plays a role in biomechanical
alignment at the knee. This is particularly true with weak-
ness of the abductors, external rotators, and hip exten-
sors. Therefore it is critical to consider the role of strength
at the hip when knee pain or dysfunction is present.

Position of Patient: Sitting. Arms may be used for
trunk support at sides or may be crossed over chest.

Position of Therapist: Sitting or kneeling in front of
patient. One hand is placed on the lateral surface of the
ankle just above the malleolus (Figure 6-69). Resistance
is given (Grades 5 and 4 only) as a medially directed force
at the ankle.

The opposite hand, which offers counter-pressure, is
contoured over the medial surface of the distal thigh just
above the knee. Resistance is applied as a laterally directed
force at the knee. Note the counter-directions of the
force applied.

Test: The limb should be placed in the end position of
full internal rotation for best results (see Figure 6-69).

FIGURE 6-69
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Grading

Grade 5 (Normal): Holds end position against maximal
resistance.

Grade 4 (Good): Holds end position against strong to
moderate resistance.

Grade 3 (Fair): Holds end position but takes no resis-
tance (Figure 6-70).

FIGURE 6-70



HIP INTERNAL ROTATION

Grade 2 (Poor)

Position of Patient: Supine. Test limb in partial exter-
nal rotation.

Position of Therapist: Standing next to test leg. Palpate
the gluteus medius proximal to the greater trochanter
and the tensor fasciae latae (Figure 6-71) over the antero-
lateral hip below the ASIS.

Test: Patient internally rotates hip through available
range.

Instructions to Patient: “Roll your leg in toward the
other one.”

Grading

Grade 2 (Poor): Completes the range of motion. As the
hip rolls inward past the midline, minimal resistance can
be offered to offset the assistance of gravity.

Alternate Test for Grade 2: With patient short sitting,
the therapist places the test limb in maximal external
rotation. The patient then is instructed to return the limb
actively to the midline (neutral) position against slight
resistance. Care needs to be taken to ensure that gravity
is not the predominant force. If this motion is performed
satisfactorily, the test may be assessed a Grade 2.

FIGURE 6-71

(Glutei minimus and medius; Tensor fascine lntae)

Grade 1 (Trace) and Grade 0 (Zero)

Position of Patient: Patient supine with test limb
placed in external rotation.

Position of Therapist: Standing next to test leg.

Test: Patient attempts to internally rotate hip. One hand
is used to palpate the gluteus medius (over the postero-
lateral surface of the hip above the greater trochanter).
The other hand is used to palpate the tensor fasciae latae
(on the anterolateral surface of the hip below the ASIS).

Instructions to Patient: “Iry to roll your leg in.”

Grading

Grade 1 (Trace): Palpable contractile activity in either
or both muscles.

Grade 0 (Zero): No palpable contractile activity.

* In the short-sitting tests, do not allow the patient
to assist internal rotation by lifting the pelvis on the
side of the limb being tested.

* Neither should the patient be allowed to extend
the knee or adduct and extend the hip during per-
formance of the test. These motions contaminate
the test by offering visual distortion to the
therapist.

e For the external rotation test, the reader is referred
to the second and third Helpful Hints under Exter-
nal Rotation (page 234), which apply here as well.
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KNEE FLEXION

(Al hamstring muscles)

Semitendinosus

Common
peroneal

<——Sciatic (tibial) n.
To: Semimembranosus
L5-S2
Semitendinosus
L5-S2
Biceps femoris (long head)
L5-S2

Biceps

femoris .
Sciatic (common peroneal) n.

To: Biceps femoris (short head)
L5-S2

FIGURE 6-74

Semimembranosus

POSTERIOR
FIGURE 6-72 FIGURE 6-73

Semimembranosus

Semitendinosus

FIGURE 6-75 Arrow indicates level of cross section.
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KNEE FLEXION

(ALl bamstring muscles)

Range of Motion

0°to 135°
Table 6-9 KNEE FLEXION
1.D. Muscle Origin Insertion
192 Biceps femoris
Long head Ischium (tuberosity) Aponeurosis (posterior)
Sacrotuberous ligament Fibula (head, lateral aspect)
Fibular collateral ligament
Short head Femur (linea aspera and lateral Tibia (lateral condyle)
condyle)
Lateral infermuscular septum
193 Semitendinosus Ischial tuberosity (inferior medial Tibia (proximal shaft)
aspect) Pes anserinus
Tendon via aponeurosis shared with Deep fascia of leg
biceps femoris (long)
194 Semimembranosus Ischial tuberosity Distal aponeurosis
Sacrotuberous ligament Tibia (medial condyle)
Obligue popliteal ligament
of knee joint
Others
178 Gracilis
185 Tensor fasciae latae
(knee flexed more
than 30°)
195 Sartorius
202 Popliteus
205 Gastrochemius
207 Plantaris
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KNEE FLEXION

(Al hamstring muscles)

Grade 5 (Normal), Grade 4 (Good), and
Grade 3 (Fair)

There are three basic muscle tests for the hamstrings at
Grades 5 and 4. The therapist should test first for the
aggregate of the three hamstring muscles (with the foot
in midline). Only if there is deviation (or asymmetry) in
the movement or a question in the therapist’s mind is
there a need to test the medial and lateral hamstrings
separately.

HAMSTRING MUSCLES IN AGGREGATE

Position of Patient: Prone with limbs straight and toes
hanging over the edge of the table. Test may be started
in about 45° of knee flexion.

Position of Therapist: Standing next to limb to be
tested. (Note: The therapist in the illustration is shown
on the wrong side to avoid obscuring test positions.)
Hand giving resistance is contoured around the posterior
surface of the leg just above the ankle (Figure 6-76).
Resistance is applied in the direction of knee extension
for Grades 5 and 4.

The other hand is placed over the hamstring tendons
on the posterior thigh (optional).

Test: Patient flexes knee while maintaining leg in neutral
rotation.

Instructions to Patient: “Bend your knee. Hold it!
Don’t let me straighten it.”

FIGURE 6-76
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MEDIAL HAMSTRING TEST
(SEMITENDINOSUS AND
SEMIMEMBRANOSUS)

Position of Patient: Prone with knee flexed to less than
90°. Leg in internal rotation (toes pointing toward
midline).

Position of Therapist: Hand giving resistance grasps
the leg at the ankle. Resistance is applied in an oblique
direction (down and out) toward knee extension (Figure
6-77).

Test: Patient flexes knee, maintaining the leg in internal
rotation (heel toward therapist, toes pointing toward
midline).

FIGURE 6-77



KNEE FLEXION

(ALl bamstring muscles)

LATERAL HAMSTRING TEST (BICEPS FEMORIS)

Position of Patient: Prone with knee flexed to less than
90°. Leg is in external rotation (toes pointing
laterally).

Position of Therapist: Therapist resists knee flexion at

the ankle using a downward and inward force (Figure
6-78).

Test: Patient flexes knee, maintaining leg in external
rotation (heel away from therapist, toes pointing toward
therapist) (see Figure 6-78).

FIGURE 6-78

Grading the Hamstring Muscles (Grades 5 to 3)

Grade 5 (Novmal) for All Three Tests: Resistance will
be maximal, and the end knee flexion position (approxi-
mately 90°) cannot be broken.

Grade 4 (Good) for All Three Tests: End knee flexion
position is held against strong to moderate resistance.

Grade 3 (Fair) for All Three Tests: Holds end range
position but tolerates no resistance (Figure 6-79).

FIGURE 6-79
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KNEE FLEXION

(Al hamstring muscles)

Grade 2 (Poor)

Position of Patient: Side-lying with test limb (upper-
most limb) supported by therapist or on suitable height
stool. Lower limb flexed for stability.

Position of Therapist: Standing behind patient at knee
level. One arm is used to cradle thigh, providing hand
support at medial side of knee. Other hand supports the
leg at the ankle just above the malleolus (Figure 6-80).

Test: Patient flexes knee through available range of
motion.

Instructions to Patient: “Bend your knee.”

Grading

Grade 2 (Poor): Completes available range of motion in
side-lying position.

FIGURE 6-80
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Grade 1 (Trace) and Grade 0 (Zero)

Position of Patient: Prone. Limbs are straight with toes
extending over end of table. Knee is partially flexed and
supported at ankle by therapist.

Position of Therapist: Standing next to test limb at
knee level. One hand supports the flexed limb at the
ankle (Figure 6-81). The opposite hand palpates both
the medial and the lateral hamstring tendons just above
the posterior knee.

Test: Patient attempts to flex knee.
Instructions to Patient: “Try to bend your knee.”

Grading

Grade 1 (Trace): Tendons become prominent, but no
visible movement occurs.

Grade 0 (Zero): No palpable contraction of the muscles;
tendons do not stand out.

FIGURE 6-81



KNEE FLEXION
(ALl bamstring muscles)

e If the biceps femoris is stronger than the medial

® Hip flexion substitution: The prone patient may

flex the hip to start knee flexion. The buttock on
the test side will rise as the hip flexes, and the
patient may appear to roll slightly toward supine
(Figure 6-82).

Sartorius substitution: The sartorius may try to
assist with knee flexion, but this also causes flexion
and external rotation of the hip. Knee flexion when
the hip is externally rotated is less difficult because
the leg is not raised vertically against gravity.
Gracilis substitution: Action of the gracilis contrib-
utes a hip adduction motion.

Gastrocnemius substitution: Do not permit the
patient to strongly dorsiflex in an attempt to use
the tenodesis effect of the gastrocnemius.

FIGURE 6-82

hamstrings, the leg will externally rotate during
knee flexion. Similarly, if the semitendinosus and
semimembranosus are the stronger components,
the leg will internally rotate during knee flexion.
This is the situation that, when observed, indicates
asymmetry and the need to test the medial and
lateral hamstrings separately.

If the hip flexes at the end of the knee flexion range
of motion, check for a tight rectus femoris muscle
because this tightness will limit the range of knee
motion.
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KNEE EXTENSION

(Quadriceps femoris)

Rectus
femoris

Vastus
lateralis

\ ANTERIOR
FIGURE 6-83 FIGURE 6-84
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L2
/—Vastus
intermedius L3
L4
— Vastus
medialis®

f

Femoral n.

To: Quadriceps femoris
(all five heads)
L2-L4

FIGURE 6-85

*Illustration does not differentiate
the long and oblique heads of
the vastus medialis.



KNEE EXTENSION

Table 6-10 KNEE EXTENSION

Vastus

Vastus
lateralis

Rectus
femoris

e
R

\%/f%/

Femur Tendon of
/ rectus femoris
Vastus
medialis

FIGURE 6-86 Arrows indicate level of cross section.

(Quadriceps femoris)

Range of Motion

135°to 0°

May extend 10°beyond 0°in
those with hyperextension

1.D.
196

198

197

199

200

Other
185

Muscle

Rectus femoris

Vastus
intfermedius

Vastus lateralis

Vastus medialis
longus

Vastus medialis
oblique

Tensor fasciae
latae

Origin

llium (anterior inferior iliac spine)
Acetabulum (groove above)
Capsule of hip joint
Aponeurosis (anterior)

Femur (shaft, upper 2/3 lateral
and anterior surfaces)
Intermuscular septum (lateral)

Femur
Linea aspera (lateral lip)
Greater trochanter (inferior)
Inferfrochanteric line (via
aponeurosis)
Gluteal tuberosity (lateral lip)
Lateral intermuscular septum

Femur (linea aspera, medial lip;
inferfrochanteric line)

Origin of vastus medialis oblique

Tendon of adductor magnus

Intermuscular septum (medial)

Femur: linea aspera (distal);
supracondylar line

Tendon of adductor magnus

Intermuscular septum

Insertion

Aponeurosis (posterior)
Patella (base via quadriceps tfendon)
Tibial tuberosity via ligamentum patellae

Aponeurosis (anterior forming deep
quadriceps tendon)

Patella (base, lateral aspect)

Tibia (ateral condyle)

Tibial tuberosity via ligamentum patellae

Aponeurosis (deep surface, distal)

Patella (base and lateral border via
quadriceps tendon)

Lateral expansion to capsule of knee
joint and iliotibial tract

Tibial tuberosity via ligamentum patellae

Aponeurosis (deep)
Patella (medial border)
Tibial tuberosity via ligamentum patellae

Aponeurosis to capsule of knee joint
Patella (medial aspect)

Quadriceps tendon (medial)

Tibial tuberosity via ligamentum patellae
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KNEE EXTENSION

(Quadriceps femoris)

The quadriceps femoris muscles are tested together as a
functional group. None of the four muscle heads can be
separated from any other by manual muscle testing. The
rectus femoris may be partially isolated from the other
quadriceps during a hip flexion test. At one time, the
vastus medialis was thought to be activated during the
terminal 15°of knee extension; however, this has been
conclusively disproven.®”

Knowledge of the patient’s hamstring range of motion
is useful before conducting tests for knee extension
strength, because tight (shortened) hamstrings will limit
knee extension. In short sitting for Grades 5, 4, and 3,
the shorter the hamstrings, the greater the backward
trunk lean.

Grade 5 (Normal), Grade 4 (Good), and Grade 3 (Fair)

Position of Patient: Short sitting. Place either a wedge
or a hand under the patient’s distal thigh to cushion it
(Figure 6-87). The patient’s hands rest on the table on
cither side of the body for stability or may grasp the table
edge. The patient should be allowed to lean backward
to relieve hamstring muscle tension. Do not allow the
patient to hyperextend the knee because this may lock
the knee into position, thus masking weakness.

Position of Therapist: Standing at side of limb to be
tested. The palm of the resistance hand is over the ante-
rior surface of the distal leg just above the ankle. For
Grades 5 and 4, resistance is applied in a downward
direction toward the floor.

Test: Patient extends knee through available range of
motion but not beyond 0°.

Instructions to Patient: “Straighten your knee. Hold
it! Don’t let me bend it.”

FIGURE 6-87
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To prevent the patient’s pelvis from rising (a common
occurrence in a Grade 4 or 5 test), the patient may be
secured to the testing surface by a belt or strap.

Grading

Grade 5 (Normal): Holds end position against maximal
resistance. Most physical therapists will not be able to
break the Grade 5 knee extensors.

Grade 4 (Good): Holds end position against strong to
moderate resistance.

Grade 3 (Fair): Completes available range and holds
the position without resistance (Figure 6-88).

FIGURE 6-88



KNEE EXTENSION

Grade 2 (Poor)

Position of Patient: Side-lying with test limb upper-
most. Lowermost limb may be flexed for stability. Limb
to be tested is held in about 90° of knee flexion. The hip
should be in full extension.

Position of Therapist: Standing behind patient at knee
level. One arm cradles the test limb around the thigh
with the hand supporting the underside of the knee
(Figure 6-89); alternatively, the test limb may be placed
on a powder board. The other hand holds the leg just
above the malleolus.

Test: Patient extends knee through the available range
of motion. The therapist supporting the limb provides
neither assistance nor resistance to the patient’s voluntary
movement. This is part of the art of muscle testing that
must be acquired.

Be alert to activity by the internal rotators (see Sub-
stitution, page 248).

Instructions to Patient: “Straighten your knee.”

Grading

Grade 2 (Poor): Completes available range of motion.

FIGURE 6-89

(Quadriceps femoris)

Grade 1 (Trace) and Grade 0 (Zero)
Position of Patient: Supine.

Position of Therapist: Standing next to limb to be
tested at knee level. Hand used for palpation should be
on the quadriceps tendon just above the knee with the
tendon “held” gently between the thumb and fingers.
The therapist also may want to palpate the patellar
tendon with two to four fingers just below the knee
(Figure 6-90).

Test: Patient attempts to extend knee.

As an alternate test, the therapist may place one hand
under the slightly flexed knee; palpate either the quadri-
ceps or the patellar tendon while the patient tries to
extend the knee.

Instructions to Patient: “Push the back of your knee
down into the table.” OR “Tighten your kneecap”
(quadriceps setting).

For Alternate Test: “Push the back of your knee down
into my hand.”

Grading

Grade 1 (Trace): Contractile activity can be palpated in
muscle through the tendon. No joint movement occurs.

Grade 0 (Zevo): No palpable contractile activity.

FIGURE 6-90
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KNEE EXTENSION

(Quadriceps femoris)

When the patient is side-lying (as in the Grade 2 test), e To assess functional strength, the quadriceps can
he or she may use the hip internal rotators to substi- be tested by a chair stand test (see description in
tute for the quadriceps, thereby allowing the knee to Chapter 9, page 360) where strength equal to half
fall into extension. the body weight is needed to rise from a chair

without arms.®

e In stair descent, the forces transmitted through the
knee are equal to nearly 3x/body weight,”'” neces-
sitating a greater magnitude of strength than can
be detected in a manual muscle test.

e Alternatively, using quantitative methods such as
hand-held muscle dynamometry or a 1-repetition
maximum leg press to confirm age and sex appro-
priate strength should be used when strength is
Grades 4 or 5.
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ANKLE PLANTAR FLEXION

(Gastrocnemius and Soleus)

T

=

Gastrocnemius _
<«—Tibial n.

To: Gastrocnemius
S1-82

Tibial n.——

To: Soleus m

S1-S2
FIGURE 6-93

POSTERIOR
FIGURE 6-91 FIGURE 6-92

Gastrocnemius

Gastrocnemius (medial)

(lateral)

FIGURE 6-94 Arrow indicates level of cross section.
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ANKLE PLANTAR FLEXION

(Gastrocnemius and Soleus)

Range of Motion

0°to 45°
Table 6-11 PLANTAR FLEXION
1.D. Muscle Origin Insertion
205 Gastrocnemius
Medial head Femur (medial condyle, popliteal Anterior aponeurosis
surface) Tendo calcaneus (fendon of

Capsule of knee joint

Lateral head Femur (lateral condyle, lateral
surface, and supracondylar line)
Capsule of knee joint
Aponeurosis (posterior)

206 Soleus Fibula (head, posterior aspect,
and proximal 1/3 of shaff)
Tibia (soleal line and middle 1/3 of
medial shaft)
Aponeurosis between tibia and
filoula over popliteal vessels
Aponeurosis (anterior)

Others

204 Tibialis posterior

207 Plantaris

208 Peroneus longus

209 Peroneus brevis

213 Flexor digitorum longus
222 Flexor hallucis longus

Achilles) formed when fendon
of gastrocnemius joins fendon
of soleus)

Calcaneus (posterior)

Aponeurosis (posterior;
tfendinous raphe in midline of
muscle)

Tendo calcaneus when tendon
of soleus joins tendon of
gastrocnemius

Calcaneus via tendo calcaneus

If the gastrocnemius-soleus complex is paralyzed, there
is negligible capacity for the remaining muscles to con-
tribute to plantar flexion to substitute for the action of
plantar flexion.

252 Chapter 6 | Testing the Muscles of the Lower Extremity



ANKLE PLANTAR FLEXION

GASTROCNEMIUS AND SOLEUS TEST

(Gastrocnemius and Soleus)

Grade 5 (Normal), Grade 4 (Good), and Grade 3 (Fair)

Position of Patient: Patient stands on dominant limb
to be tested with knee extended. Patient is likely to need
external support; no more than one or two fingers should
be used on a table (or other surface) (Figure 6-95).

Position of Therapist: Standing or sitting with a lateral
view of test limb to ascertain height of heel rise.

FIGURE 6-95

Test: Patientraises heel from floor consecutively through
maximum available range at a rate of one rise every 2
seconds until patient no longer achieves 50% of initial
plantar range (Figure 6-96).

Instructions to Patient: Therapist demonstrates correct
heel rise to patient. “Stand on your right leg. Go up on
your tiptoes. Now down. Try to repeat this as many times
as possible, lifting your heel as high as you can.” Repeat
test for left limb.

FIGURE 6-96
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ANKLE PLANTAR FLEXION

(Gastrocnemius and Soleus)

Grade 5 (Normal), Grade 4 (Good), and Grade 3 (Fair) Continued

Grading

Grade 5 (Novmal): Patient successfully completes a
minimum of 25 heel rises through full range of motion
without a rest between rises and without fatigue.'
Twenty-five heel rises elicit approximately 60% of the
maximum electromyographic activity of the plantar
flexors." Lunsford and Perry suggest a “normal” response
requires 25 complete heel rises.'?

In the current standardized tests that have been in use
for many years, 25 repetitions is the accepted norm.
However, a more recent study suggests that the average
number of repetitions in the sample studied is less than
25 repetitions (Table 6-12)."* The therapist should be
aware that strength deficits in the plantar flexors are
common, particularly with advancing age, and strength
deficits will affect the heel rise portion of the gait cycle
and thus reduce gait speed.

Grade 4 (Good): A Grade of 4 is conferred when the
patient completes between 2 and 24 correct heel rises at
a consistent rate of one rise every 2 seconds using correct

form in all repetitions. The criterion for Grade 4 is not
well defined.

Grade 3 (Fair): Patient completes one heel rise
correctly.

If the patient cannot complete at least one correct
full-range heel rise in the standing position, the grade
must be less than 3 (Fair). Regardless of any resistance
to a nonstanding position for any reason, the patient
must be given a grade of less than 3."

Grade 2 (Poor): Patient is not able to lift heel from floor
in standing position and must be tested in a non—-weight-
bearing position (Figure 6-97).

Table 6-12 AVERAGE VALUES OF UNTRAINED SUBJECTS

Males (by Age)

Lunsford and Jan Jan
Perry'? et al® et al'®
X =347 21-40 41-60
Mean 27.8 22.1 12.1
SD 11.5 9.8 6.6
Plantar fiexion X=249 (9.5 9-46 4-30
range
80th percentile 17 7

Females (by Age)

Jan Lunsford and Jan Jan Jan

et al® Perry'? et al® et al® et al'®

61-80 X =293 21-40 41-60 61-80

4.1 28.4 16.1 9.3 2.7

1.9 9.8 6.7 3.6 1.5

0-7 X =234.6 6-30 5-19 0.5
10.1)

2 10 5 1

254 Chapter 6 | Testing the Muscles of the Lower Extremity



ANKLE PLANTAR FLEXION

Grade 2 (Poor)
Position of Patient: Prone with feet off end of table.

Position of Therapist: Standing at end of table in front
of foot to be tested. One hand is contoured under and
around the test leg just above the ankle (Figure 6-97).
Heel and palm of hand giving resistance are placed

against the plantar surface at the level of the metatarsal
heads.

Test: Patient plantar flexes ankle through the available
range of motion. Manual resistance is down and forward
toward dorsiflexion.

Grading

Grade 2 (Poor): Patient completes plantar flexion range
against resistance.

Grade 2— (Poor-): Patient completes only a partial
range of motion.

FIGURE 6-97

(Gastrocnemius and Soleus)

Grade 1 (Trace) and Grade 0 (Zero)
Position of Patient: Prone with feet off end of table.

Position of Therapist: Standing at end of table in front
of foot to be tested. One hand palpates gastrocnemius-
soleus activity by monitoring tension in the Achilles
tendon just above the calcaneus (Figure 6-98). The
muscle bellies of the two muscles also may be palpated
(not illustrated).

Test: Patient attempts to plantar flex the ankle.

Instructions to Patient: “Point your toes down, like a
ballet dancer.”

Grading

Grade 1 (Trace): Tendon reflects some contractile activ-
ity in muscle, but no joint motion occurs. Contractile
activity may be palpated in muscle bellies. The best loca-
tion to palpate the gastrocnemius is at midcalf with
thumb and fingers on ecither side of the midline but
above the soleus. Palpation of the soleus is best done on
the posterolateral surface of the distal calf. In most people
with calf strength of Grade 3 or better, the two muscles
can be observed and differentiated during plantar flexion
testing because their definition is clear.

Grade 0 (Zevo): No palpable contraction.

FIGURE 6-98
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ANKLE PLANTAR FLEXION

(Gastrocnemius and Soleus)

By flexor hallucis longus and flexor digitorum
longus: When substitution by the toe flexors
occurs, their motions will be accompanied by
plantar flexion of the forefoot and incomplete
movement of the calcaneus (Figure 6-99).

By peroneus longus and peroneus brevis: These
muscles substituting for the gastrocnemius and
soleus will pull the foot into eversion.

By tibialis posterior: The foot will move into inver-
sion during plantar flexion testing if the tibialis
posterior substitutes for the primary plantar flexors.
By tibialis posterior, peroneus longus, and pero-
neus brevis: Substitution by these three muscles
will plantar flex the forefoot instead of the ankle.

FIGURE 6-99
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If for any reason the patient cannot lie prone for
Grades 2, 1, or 0, an alternative for any of these
tests is to use the supine position for non-weight-
bearing testing. The highest grade awarded in this
case is a 2.

If the patient is unable to perform a standing
plantar flexion test but has a stable forefoot, a dif-
ferent application of resistance may be used with
the patient supine. The resistance is applied against
the sole of the foot with the forearm while the heel
is cupped with the hand of the same arm and the
ankle is forced into dorsiflexion. The highest grade
that may be awarded in this case is a 2.

During standing plantar flexion tests, the tibialis
posterior and the peroneus longus and brevis
muscles must be Grades 5 or 4 to stabilize the
forefoot to attain and hold the tiptoe position.
Care must be taken to avoid transferring weight
through the finger tips used for balance. Therefore
it is reccommended to place the patient’s arms above
the head on the wall in front of the patient.
However, be sure that the patient maintains a fully
erect posture. If the subject leans forward or flexes
knee, such posture can bring the heel off the
ground, creating a testing artifact.

In normal plantar flexion, the patient should be
able to raise heel 2 inches; thus, when the patient
can no longer achieve 1 inch of rise, the test is
terminated.
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FOOT DORSIFLEXION AND INVERSION

(Tibialis anterior)

Tibialis anterior

Deep peroneal n.
To: Tibialis anterior
L4-S1

FIGURE 6-101

ANTERIOR

FIGURE 6-100

FIGURE 6-102 Arrow indicates level of cross section.
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FOOT DORSIFLEXION AND INVERSION

Table 6-13 FOOT DORSIFLEXION AND INVERSION

(Tibialis anterior)

Range of Motion

0°to 20°

1.D. Muscle Origin

Tibia (lateral condyle and
proximal 2/3 of lateral shaft)
Interosseous memibrane

Insertion

1st (medial) cuneiform (on medial
and plantar surfaces)
1st metatarsal (base)

Fascia cruris (deep)
Intermuscular septum

203 Tibialis anterior

Others

210 Peroneus tertius

211 Extensor digitorum longus
221 Extensor hallucis longus

Grades 5 (Normal) to 0 (Zero)

Position of Patient: Sitting. Alternatively, patient may
be supine.

Position of Therapist: Sitting on stool in front of
patient with patient’s heel resting on thigh. One hand is
contoured around the posterior leg just above the mal-
leoli for Grades 5 and 4 (Figure 6-103). The hand pro-
viding resistance for the same grades is cupped over the
dorsomedial aspect of the foot (see Figure 6-103).

FIGURE 6-103

Test: Patient dorsiflexes ankle and inverts foot, keeping
toes relaxed.

Instructions to Patient: “Bring your foot up and in.
Hold it! Don’t let me push it down.”
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FOOT DORSIFLEXION AND INVERSION

(Tibialis anterior)

Grades 5 (Normal) to 0 (Zero) Continued

Grading

Grade 5 (Normal): Completes full range and holds
against maximal resistance.

Grade 4 (Good): Completes available range against
strong to moderate resistance.

Grade 3 (Fair): Completes available range of motion
and holds end position without resistance (Figure 6-104).

Grade 2 (Poor): Completes only a partial range of
motion.

FIGURE 6-104

Grade 1 (Trace): Therapist will be able to detect some
contractile activity in the muscle, or the tendon will
“stand out.” There is no joint movement.

Palpate the tendon of the tibialis anterior on the
anteromedial aspect of the ankle at about the level of the
malleoli (Figure 6-105, lower hand). Palpate the muscle
for contractile activity over its belly just lateral to the
“shin” (see Figure 6-105, upper hand).

Grade 0 (Zero): No palpable contraction.

FIGURE 6-105

Substitution by the extensor digitorum longus and
the extensor hallucis longus muscles results also in toe
extension. Instruct the patient, therefore, to keep the
toes relaxed so that they are not part of the test
movement.

e In the sitting and supine positions, make sure the
knee is flexed to put the gastrocnemius on slack. If
the knee is extended and there is gastrocnemius
tightness, the patient will not be able to achieve full
dorsiflexion range.

e If the supine position is used in lieu of the sitting
position for the Grade 3 test, the therapist should
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add a degree of difficulty to the test to compensate
for the lack of gravity. For example, give mild resis-
tance in the supine position but award no more than
a Grade 3.

* In the supine position, to earn a Grade 2 the patient
must complete a full range of motion.



FOOT INVERSION

(Tibinlis posterior)

Tibialis
posterior

<—Tibial (medial popliteal) n.
To: Tibialis posterior
L4-L5 and sometimes S1

FIGURE 6-107

POSTERIOR VIEW OF LEG
PLANTAR VIEW OF FOOT

FIGURE 6-106

Tibialis
posterior

e

e

7.

—=_

\

FIGURE 6-108 Arrow indicates level of cross section.

Range of Motion

0°to 35°
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FOOT INVERSION

(Tibinlis posterior)

Table 6-14 FOOT INVERSION

Tibia (proximal 2/3 of posterior
lateral shaft below soleal line)
Inferosseous memibrane (posterior)

Fibula (shaft, proximal posterior

Insertion

Navicular bone (tuberosity)
Cuneiform bones
Sustentaculum tali (distal)
Metatarsals 2-4 (via
tfendinous band)

Deep fransverse fascia

1.D. Muscle Origin
204 Tibialis posterior
medial 2/3)
Intermuscular septa
Others
203 Tibialis anterior
213 Flexor digitorum longus
222 Flexor hallucis longus
206 Soleus
221 Extensor hallucis longus

Grades 5 (Normal) to 2 (Poor)

Position of Patient: Sitting with ankle in slight plantar
flexion.

Position of Therapist: Sitting on low stool in front of
patient or on side of test limb. One hand is used to sta-
bilize the ankle just above the malleoli (Figure 6-109).
Hand providing resistance is contoured over the dorsum
and medial side of the foot at the level of the metatarsal
heads. Resistance is directed toward eversion and slight
dorsiflexion (forefoot abduction).

Test: Patient inverts foot through available range of
motion.

Instructions to Patient: Therapist may need to demon-
strate motion. “Turn your foot down and in. Hold it.”

FIGURE 6-109
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Grading

Grade 5 (Normal): The patient completes the full range
and holds against maximal resistance.

Grade 4 (Good): The patient completes available range
against strong to moderate resistance.

Grade 3 (Fair): The patient will be able to invert the

foot through the full available range of motion (Figure
6-110).

Grade 2 (Poor): The patient will be able to complete
only a partial range of motion.

FIGURE 6-110



FOOT INVERSION

Grade 1 (Trace) and Grade 0 (Zero)
Position of Patient: Sitting or supine.

Position of Therapist: Sitting on low stool or standing
in front of patient. Palpate tendon of the tibialis posterior
between the medial malleolus and the navicular bone
(Figure 6-111). Alternatively, palpate tendon above the
malleolus.

Test: Patient attempts to invert foot.

Instructions to Patient: “Try to turn your foot down
and in.”

FIGURE 6-111

(Tibinlis posterior)

Grading

Grade 1 (Trace): The posterior tibialis tendon will stand
out if there is contractile activity in the muscle. If pal-
pable activity occurs in the absence of movement, the
grade is 1.

Grade 0 (Zero): No palpable contraction.

Flexors of the toes should remain relaxed to prevent
substitution by the flexor digitorum longus and flexor
hallucis longus.
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FOOT EVERSION WITH PLANTAR FLEXION

(Peroneus longus and Peroneus brevis)

Peroneus
longus

ANTEROLATERAL

FIGURE 6-112

L3

L4

L5

St

S2

Superficial peroneal n.
To: Peroneus longus
Peroneus brevis
L5-S1

Peroneus
brevis

FIGURE 6-114
FIGURE 6-113
Tibia
’, ﬁ\\\\ Fibula
A Peroneus — 4L .' 2%
A\ longus 14 & A
f {477/

Peroneus
brevis

FIGURE 6-115 Arrow indicates level of cross section.
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FOOT EVERSION WITH PLANTAR FLEXION

Table 6-15 FOOT EVERSION

(Peroneus longus and Peroneus brevis)

Range of Motion

0°to 25°

1.D. Muscle

With Plantar Flexion

208 Peroneus longus

209 Peroneus brevis

With Dorsiflexion

211 Extensor digitorum
longus

210 Peroneus tertius

Other

205 Gastrocnemius

Origin

Fibula (head and proximal

2/3 of shaft, lateral aspect)

Tibia (lateral condyle,
occasionally)

Fascia cruris

Intermuscular septa

Fibula (distal and lateral 2/3
of shaft)
Crural infermuscular septum

Tibia (lateral condyle on
lateral side)

Fibula (shaft: upper 3/4 of
medial surface)

Interosseous memibrane
(anterior surface)

Deep crural fascia and
infermuscular septum

Fibula (distal 1/3 of medial
surface)

Interosseous memibrane
(anterior)

Intermuscular septum

Insertion

1st metatarsal (base and
lateral aspect)

Medial cuneiform (base and
lateral aspect)

Other metatarsals occasionally

5th metatarsal (fuberosity at
base, lateral aspect)

Tendon of insertion divides info
four tendon slips fo dorsum
of foot that form an
expansion over each toe:
Toes 2 to 5: Middle
phalanges (PIP joints) of
the four lesser toes
(intermediate slip to
dorsum of base of each)

Distal phalanges (fwo lateral
slips to dorsum of base of
each)

5th metatarsal (dorsal surface
of base; shaft, medial
aspect)
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FOOT EVERSION WITH PLANTAR FLEXION

(Peroneus longus and Peroneus brevis)

Grade 5 (Normal) to Grade 2 (Poor)

Position of Patient: Sitting with ankle in neutral posi-
tion (midway between dorsiflexion and plantar flexion)
(Figure 6-116). Test also may be performed with patient
supine.

Position of Therapist: Sitting on low stool in front
of patient or standing at end of table if patient is
supine.

One hand stabilizes the ankle just above the malleoli.
Hand giving resistance is contoured around the dorsum
and lateral border of the forefoot (see Figure 6-116).
Resistance is directed toward inversion and slight
dorsiflexion.

Test: Patient everts foot with depression of first meta-
tarsal head and some plantar flexion.

Instructions to Patient: “Turn your foot down and
out. Hold it! Don’t let me move it in.”

Grading

Grade 5 (Normal): Patient completes full range and
holds end position against maximal resistance.

Grade 4 (Good): Patient completes available range of
motion against strong to moderate resistance.

Grade 3 (Fair): Patient completes available range of
eversion but tolerates no resistance (Figure 6-117).

Grade 2 (Poor): The patient will be able to complete
only a partial range of eversion motion.

FIGURE 6-116
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FIGURE 6-117



FOOT EVERSION WITH PLANTAR FLEXION

Grade 1 (Trace) and Grade 0 (Zero)

Position of Patient: Short sitting or supine.

Position of Therapist: Sitting on low stool or standing
at end of table. To palpate the peroneus longus, place
fingers on the lateral leg over the upper one-third just
below the head of the fibula. The tendon of the muscle
can be felt posterior to the lateral malleolus but behind
the tendon of the peroneus b