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INTRODUCTION
Being active is an important part of a lifelong healthy lifestyle. Physical activ-
ity improves heart and muscle health, boosts stamina and mental acuity, and 
helps control blood sugar and weight. Fortunately, many have gotten the mes-
sage about the benefits of physical activity: Sport and exercise participation 
rates have generally increased over the past 20 years. Looking more deeply 
at these numbers, however, reveals that formal team sport participation rates 
have steadily decreased and that physical activity participation also decreases 
with age. Although reasons for these changes are multifactorial, one of the 
common causes is declining health and injury. Many athletes “retire” from 
sport participation at a young age because of injury and inability to return 
to their previous level of performance. Because of the many advantages of 
physical activity, it is beneficial to find ways to reduce the risk of injury and 
keep people actively involved in sport and exercise beyond their youth.

When applied to sport, exercise, and physical activity, the goal of injury 
prevention is to promote healthy lifestyles by reducing the risk of injury and 
improving the health and quality of life of both individual athletes and teams. 
This is best accomplished through the performance of specific exercises while 
following proper exercise or sport dosage and timing guidelines.

But is injury prevention possible? Before answering that question, it is 
important to appropriately define what is meant by injury prevention; this is 
more complex than it would first appear.

INJURY
An injury is defined as damage to a specific structure that often impairs 
intended function. Injuries are typically caused by the body’s interaction with 
an external object—for example, a fall causes the body to contact the ground 
(external object) in such a way that injury may occur—but they can also 
occur as a result of acceleration, deceleration, changes of direction, playing 
too many games in too short of a period of time, or when the body is not 
properly prepared for games, activity, or exercise.

INJURY PREVENTION
The common use of the term prevention is to stop or keep something from 
happening, but it also means to slow, hinder, or forestall an event before it 
happens. Therefore, our definition of injury prevention—as discussed in the 
following chapters—is to reduce the likelihood of an injury occurring before 
it happens. We do not believe it is possible to stop all injuries from happen-
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ing. Instead, we believe that proactively addressing specific risk factors before 
injuries occur—like performing certain exercises and using proper exercise 
and activity guidelines—can indeed prevent some injuries and reduce the risk 
and severity of others. We will continue using the term prevention but with 
the stated definition in mind.

DECREASED INJURY RATE
Whether targeting specific anatomical structures—like the ACL, ankle, or 
hamstring—or specific sports’ athletes—like runners, wrestlers, or soccer 
players—the evidence is overwhelming that injury prevention programs 
do indeed reduce the risk of injury. In fact, some studies have shown that 
participation in these programs can decrease the risk of injury by up to 75 
percent! Injury prevention programs that have been researched include those 
for specific injuries such as

• anterior cruciate ligament (ACL) tear (Ardern et al. 2018; Petushek et 
al. 2019; Tanaka et al. 2020),

• ankle sprain (Vuurberg et al. 2018),

• hamstring strain (Ayala et al. 2019; van Dyk et al. 2019),

• low back strain (Shiri et al. 2018),

• shoulder instability (Niederbracht et al. 2008), and

• concussion (Schneider et al. 2017).

This research also included injury prevention programs targeting specific 
sports and activities such as

• throwing (Wilk et al. 2021),

• running (Taddei et al. 2020; Warden et al. 2014),

• soccer (Crossley et al. 2020),

• wrestling (Grindstaff and Potach 2006),

• gymnastics (Sands 2000),

• dance (Fuller et al. 2020), and

• basketball (Cherni et al. 2019).

These programs—and more—have been shown to decrease injury risk. In 
addition, several organizations have published their own injury prevention 
programs. Most of these have focused on the ACL and include

• 11+ (formerly known as FIFA 11+) (FIFA Medical Network),

• Sportsmetrics (University of Cincinnati),

• PEP (Prevent injury, Enhance Performance) Program (Santa Monica 
Sports Medicine Research Foundation),
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• Knäkontroll, and

• Thrower’s Ten (American Sports Medicine Institute).

The general recommendation for all programs is to include various com-
binations of strength, plyometric, speed and agility, flexibility, and aerobic 
endurance exercises. Note, however, that flexibility exercises for injury pre-
vention have shown mixed results.

INJURY PREVALENCE
Participation in injury prevention programs is recommended for all athletes 
but is especially important for those athletes in sports that require frequent 
landings, deceleration, and changes of direction, such as soccer, basketball, 
football, and volleyball; athletes in these sports tend to get injured at higher 
rates than those in other sports. Injury prevention is also recommended for 
baseball players, who are at an increased risk of shoulder and elbow injury—
especially pitchers and catchers, whose positions involve a higher total number 
of throws as well as throws at high velocities.

Although males account for the highest overall number of ACL injuries, 
females in sports like soccer and basketball have up to six times greater risk 
of injury than their male counterparts—an injury rate similar to male football 
players. Because of these rates, we recommend all female athletes—especially 
those playing sports in high-risk categories, like soccer and basketball—and 
male football players be specifically targeted to participate in ACL injury 
prevention programs.

PARTICIPATION
Unfortunately, although nearly 90 percent of athletes expressed interest in 
participating in an injury prevention program when asked (Martinez et al 
2017), fewer than 20 percent have performed such programs. Furthermore, 
fewer than 33 percent of youth soccer coaches have their athletes perform 
injury prevention programs. Some of the proposed barriers to this participa-
tion include the following:

• Lack of education. However, when educated, only half of coaches had 
their athletes perform exercises (Sugimoto et al 2017).

• Lack of awareness. Only 33 percent of athletes are aware that such 
programs exist (Tanaka 2020).

• Lack of time. Though most programs take less than 15 minutes to perform, 
many coaches are unwilling to sacrifice practice time for this purpose.

The goal of this text is to give you a basic understanding of why injuries occur, 
the principles behind injury prevention programs, and common injury preven-
tion exercises you can perform to reduce injury risk. Although designing and 
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performing these exercise programs will not guarantee you won’t get hurt, we 
believe that with a small investment of time, your risk of injury will significantly 
decrease and, as an added benefit, your performance should likewise improve.

To do this, we will provide general physiological and training principles 
used to design injury prevention programs. This background material will 
be followed by chapters that include detailed descriptions of exercises that 
reduce the risk of specific injuries. These exercises will include the exercise 
mode, steps for performing the exercise, the muscles involved, and a Preven-
tive Focus section to highlight what injury the exercise is best for preventing. 
In each exercise in the subsequent chapters, you will see three icons, one 
for each of the three exercise modes: strength training exercises, plyometric 
exercises, and special training exercises, respectively (see icons). The purpose 
of these icons is to identify the exercise mode or modes that predominantly 
apply to the exercise; the applicable mode will be shown in full-color versus 
the screened-back icons that do not apply to the exercise. These three exercise 
modes are described in full detail in chapter 2.

To help guide you, each exercise will be accompanied by an anatomical 
illustration that demonstrates how each exercise is performed. Due to the 
positioning of the exercises, you may not be able to see all the involved 
muscles in the exercise illustrations; all of the muscles involved are listed in 
a separate section within each exercise. Some exercise illustrations will have 
instances where a muscle is only easily visible on a nonworking extremity; in 
those instances you will see the labels appear on those visible nonworking 
extremities instead of the working extremities in the exercise. In addition, these 
illustrations are color coded to indicate the primary and secondary muscles 
and the connective tissues featured in each exercise.

E8398/Potach/I.01/686465/pulled/R1

Primary muscles Secondary muscles

The book will conclude with a chapter that combines the physiological and 
training principles with specific exercises to guide you through the process of 
designing an injury prevention program. This chapter will include an example 
of an injury prevention program.
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Injury prevention requires the thoughtful use of specific exercises, appropriate 
intensity, proper technique, and sound training practices. If just one of these 
factors is ignored, effectiveness can be compromised. This book will identify 
specific injuries and how they typically occur, as well as provide exercises that 
directly address those injuries. However, an understanding of injury basics is 
important to effectively use the strategies that will be covered in later chap-
ters. While this book is about reducing the risk of sport-related injuries, many 
of the principles apply to other activities, including those related to exercise, 
fitness, and even work.

Injury is relatively easy to understand. An injury is, quite simply, damage 
to a specific structure that often impairs intended function. There are four 
parts to this definition:

1. Damage indicates that the integrity of the structure has changed (e.g., 
a break or rupture).

2. Specific structure refers to the anatomy involved (e.g., a bone or tendon).

3. Impairs means that the structure can no longer fully perform its job 
(e.g., decreased joint stability or force production).

4. Function is a specific goal-oriented task (e.g., running or climbing stairs).

A common injury for soccer players is a hip flexor strain. When shooting 
a soccer ball on goal, the hip flexor muscle fibers (most commonly those of 
rectus femoris) can tear either partially or completely. This muscle fiber tearing 
is the definition of a strain. When strained, the rectus femoris can often still 
perform its task of flexing the thigh at the hip, but it causes pain, which com-
monly decreases the force that the rectus femoris is able to produce, resulting 
in decreased velocity when shooting the ball. Referring to our definition of 
injury, a strain (or tearing of muscle fibers) is the damage, the rectus femoris 
muscle is the specific structure, decreased force production is the impairment, 
and the effectiveness of shooting a soccer ball is the function.

One way to define or classify injuries is based on both the structure involved 
and the mechanism that caused the injury. Some injuries, termed traumatic, 

1
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are the result of a specific episode, whereas other injuries, termed overuse, 
occur over time. Both types of injury occur because the involved tissues—like 
muscles, ligaments, tendons, and bones—are unable to tolerate the stresses 
experienced. Stress is not necessarily a problem unless the stress applied is 
greater than the structure’s maximal tolerance. For example, performing a 
typical repetition of the bench press stresses the muscles involved with the 
movement (specifically pectoralis major, anterior deltoid, and triceps brachii), 
but for most people, this stress is well tolerated and no injury occurs. But what 
might happen if a novice lifter attempts to perform a one-repetition maxi-
mum (1RM) for his first lift? Or if an experienced lifter doubles the volume of 
her usual routine? In the first example, if the force required of the untrained 
pectoralis major is greater than the amount of force that it can withstand, a 
traumatic injury can occur. In the second example, if the force experienced 
over a period of time is greater than the pectoralis major has been trained to 
encounter, an overuse injury can occur.

TRAUMATIC INJURIES
Traumatic injuries occur when a single episode of stress—or force—intro-
duced to a body structure exceeds its tolerance. Sometimes these forces are 
introduced externally (as with contact with an object or opposing player), and 
sometimes they are introduced internally (as with a muscle). Most anatomical 
structures can be traumatically injured. The following are some common 
traumatic injuries:

• Ankle sprains involve the tearing of lateral (outside) ligament fibers and 
commonly occur when the foot turns inward (inversion) to a degree 
greater than the ligaments can tolerate.

• Achilles tendon ruptures—tearing of the fibers connecting the main 
lower leg plantar flexors to the heel—occur when greater forces are 
transmitted through the tendon than it can tolerate.

• Radius bone fractures can occur when an athlete falls onto an out-
stretched hand, transmitting a force greater than the bone can tolerate.

• Shoulder dislocations or subluxations often occur when an athlete’s 
shoulder moves too far anteriorly, introducing a force greater than 
the glenohumeral labrum—a stabilizing rim of cartilage in the shoul-
der—can tolerate.

• Traumatic injuries to the hamstring muscle group commonly occur 
while it is producing a high amount of force and is then required to 
produce more force than it can tolerate (due to position, speed, or both).
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The common thread to all of those types of injuries is a structure expe-
riencing a greater force than it can tolerate during a specific episode. Trau-
matic injuries can be further classified as direct contact, indirect contact, or 
noncontact injuries. Classifying traumatic injuries in this manner refers to the 
environment in which the injury occurs and how force develops in the system.

Direct Contact Injury
A direct contact injury occurs when a structure sustains a direct blow. For 
example, if a football player falls into a kneeling position and another player 
lands on his ankle, twisting the lower leg against a fixed knee, it can result in 
a direct contact high ankle sprain. This injury results from a different mech-
anism and involves different ligaments than a typical inversion ankle sprain. 
Another common direct contact injury is a fractured bone—for example, if 
a person is weight training and drops a weight plate on her foot, the result 
may be a fractured bone.

Indirect Contact Injury
In contrast to a direct contact injury, an indirect contact injury occurs when 
there is contact with another player, but not directly to the involved structure. 
For example, if an athlete’s right knee is hit directly by an opponent, resulting 
in injury, that is a direct contact injury. But, if the athlete is hit by an opponent 
at the shoulder, resulting in a right knee injury as the athlete braces against 
that contact, that is an indirect contact injury.

There are two common indirect contact situations that can result in injuries:

• When an athlete is injured because of their reaction to contact with 
another player

• When an athlete is pushed while in the air and an injury results upon 
landing

Noncontact Injury
Noncontact injuries occur—as the name suggests—when no part of the athlete 
is touching a different object or player. For example, when a football player 
is running at high speed, changes direction, and inverts his ankle, this is a 
noncontact ankle sprain. Though less common than contact-related fractures, 
noncontact bone fractures may also occur; for example, a basketball player 
landing from a rebound may fracture a bone in the lower leg.
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Anterior Cruciate Ligament Injury
The anterior cruciate ligament (ACL) lies in front of (anterior) and crosses (cru-
ciate) the posterior cruciate ligament (PCL).The three contact classifications 
can all result in an ACL tear:

• Direct contact. Another athlete collides directly with the knee, forcing it 
into a direction that tears the ACL.

• Indirect contact. Another athlete collides with the player, resulting in a 
tear of the ACL as the player braces against that contact.

• Noncontact. A player is decelerating or changing direction and an inward 
(valgus) movement and a lack of flexion of the knee results in a tear of 
the ACL.

Although a noncontact injury technically occurs with no physical contact from 
another athlete, that does not mean that there are no outside forces contrib-
uting to the injury. Often, the injury is a result of the athlete’s quick reactions 
to unique situations. For example, a rugby player may start to accelerate in 
one direction only to realize that an opposing player is there, and the attempt 
to quickly redirect may result in a tear of the ACL. It could be said that the 
interaction with the other player resulted in an injury, even though no physical 
contact was made. This is more complicated than “moving wrong” in general.

OVERUSE INJURIES
Although traumatic injuries result from the body experiencing too much stress 
during a single instant, overuse injuries occur when body structures encounter 
stress they cannot tolerate over a prolonged period without adequate recovery.

Ligaments
Consider pitching a baseball. Baseball pitchers are typically called upon to 
throw dozens of high-speed pitches in a relatively short period of time. To 
throw at a high speed, great forces are initiated by the muscles and surround-
ing tissues of both the upper and lower body, particularly those surrounding 
the shoulder and elbow joints. If performed one time, or if spread out over a 
longer period with adequate rest, injury is not as likely to occur, but pitchers 
usually pitch dozens of times in a single game, with only 15 to 20 minutes of 
rest between innings. This can lead to overuse injuries of several structures, 
like the ulnar collateral ligament (UCL), the ligament involved in the increas-
ingly common Tommy John surgical procedure. Combine the high forces, 
large volume of pitches, and relatively short rest and recovery, and overuse 
injury is likely to occur.
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Bones
Running is another activity prone to cause overuse injury. On average, runners 
take up to 200 steps per minute; over a 30-minute run, that is 6,000 steps. If the 
runner averages four days per week, that is 24,000 steps. Because several muscles 
are involved with both the push-off and landing of the running cycle, increased 
stress is introduced to those tissues as well as those adjacent to them. In this 
case, the tissues adjacent to them are bones; in other words, this combination 
of step volume, impact, and repeated pull of the muscles on the bones can lead 
to shin splints or bone stress reactions—or even stress fractures—of the tibia.

Tendons
Playing basketball is another activity that can result in overuse injury. The 
most common overuse injury for this athlete is the so-called “jumper’s knee,” 
a tendinopathy of the patellar tendon (the structure that connects the large 
quadriceps muscles to the lower leg through the kneecap). These muscles 
help the athlete to jump, but also help control landing and deceleration. With 
rebounds, jump shots, and quick changes of direction, basketball involves a 
lot of these motions, and this heavy volume of loading cycles can contribute 
to an overloading of the patellar tendon, resulting in a tendinopathy.

FACTORS THAT CONTRIBUTE  
TO INJURY RISK

The goal of this text is to reduce the risk of injury. To do this, it is important 
to review the reasons injuries occur in the first place. Once those are known, 
programs can be designed to address those reasons, thereby reducing the risk 
of injury. Understanding how injuries occur requires a thoughtful analysis of 
forces encountered by athletes in various sports, how those forces are tolerated, 
and techniques that are commonly associated with injury. Aside from those 
common causes, other variables can contribute to injury, such as progressing 
a program too quickly (or too slowly), the athlete’s previous experience in 
sport, and even athlete fitness. We will cover each of these and will describe 
how they can affect an athlete’s risk of injury.

Force
Force is simply the effect of one body on another, like the push or a pull 
applied to an object to attempt to change its state of motion. In the human 
body, this force is an interaction between internal and external resistance 
to movement—internal forces are initiated from within the body to change 
motion, whereas external forces are initiated from outside the body due to its 
interaction with the surrounding environment.

Force is always an interaction between two or more objects, so there cannot 
be an internal force without an equal and opposite external force. For sim-
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plicity, we will often describe them in isolation, such as “muscle force,” even 
though in reality it is always an interaction.

Although internal forces can be a reaction such as compression, the most 
common internal forces are tensile muscle forces, which are generated to pull 
on bones to create motion. One other type of internal force is joint reaction 
force, which describes the forces generated by bone-on-bone contact between 
adjacent body segments. These joint reaction forces represent the net effects that 
are transmitted from one segment to another and are due to the muscle, ligament, 
and bony contact forces exerted across a joint. Think of the knees of a basketball 
player landing from a jump: When his feet hit the ground, the interaction with 
the ground results in force being applied to the athlete’s body. As his knees 
bend to absorb those forces, the quadriceps muscles resist that bending in order 
to control the landing. The interaction of the flexion impulse from the landing 
and the extension impulse from the quadriceps results in a joint reaction force.

External forces involve contact between the athlete and something outside of—
external to—the athlete’s body, most commonly as a result of gravity or contact 
with another object or person. For example, blocking or tackling an opponent 
results in one person contacting another; pushing off the wall when swimming 
involves the swimmer contacting and transmitting force to the wall; and landing 
from a jump causes contact between the athlete’s feet and the ground.

When any of these forces exceed the tolerance of the structures encoun-
tering them, injury can occur, for example:

• Excess tensile forces in the muscle can result in muscle strain

• Excess joint reaction force can result in cartilage damage

• Excess shear force can result in skin abrasion

Technique
Technique refers to the organization—and ultimately the execution—of a given 
movement. Although there is no specific right or wrong way to perform a 
given movement, some techniques are more commonly associated with injuries 
because the body can often tolerate certain techniques better than others.

• Excessive valgus (inward) movement is associated with ACL tear.

• Landing toward the front of the foot when running can result in 
increased stress at the ankle joint.

• Throwing from a sidearm position can result in increased stress to the 
medial (inside) part of the elbow.

Using these techniques does not necessarily mean injury will occur. Rather, 
these techniques are merely associated with increased occurrence of injuries.

Training Stress
The body can respond to training stresses in a number of ways. When train-
ing, progression of stresses—most commonly prescribed by manipulating 
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training variables like volume, intensity, frequency, and duration—must occur 
for the desired progression of adaptations to occur, such as improved perfor-
mance. If no progression of stresses occurs—or if progression is at too low 
a level—then little to no improvement will occur. If the training stresses are 
progressed too quickly, injury becomes more likely. When and how much 
to progress should change based on both the athlete’s ability and the time 
of year (e.g., in-season or offseason). When evaluating injury risk, then, it is 
important to consider both the exercises performed as well as the progress 
of the identified training stresses.

Fitness Level
Research has yet to determine an ideal level of fitness for sporting participation. 
There is no magic strength, flexibility, power, or aerobic level considered a 
prerequisite to sport involvement. However, it has been our experience—and 
research tends to suggest this as well—that the more “in shape” an athlete 
is, the less likely she is to become injured. This is not necessarily the same 
across all sports—some sports favor flexibility, others favor power, whereas 
still others benefit most from strength. The closer to ideal each of these var-
iables is, the less likely an athlete is to become injured.

Sport Experience
A final factor to consider is how much experience an athlete has. Human 
movement solutions are acquired through complex learning mechanisms in 
extremely specific environments. This is most naturally accomplished through 
the athletes’ experiences playing their sport. In other words, as athletes spend 
more time playing their sport, they collect more experience not just with 
the sport in general, but with the unique situations that can develop during 
competition.

Think about the previous example of an injury that occurs when an athlete 
reacts to the sudden appearance of an opposing player blocking his intended 
direction of movement. If this is a situation that the athlete has been in many 
times before, he will have ample experience to draw upon to form an ideal 
response. If the athlete has not encountered this situation many times before, 
then he may not know how to effectively and safely react to avoid contact 
with the blocking player and therefore avoid possible injury. This increased 
sport experience and exposure can build tolerance to activity, resulting in an 
increased resilience to injury. Proper injury prevention programming therefore 
must include frequent participation in the activity.

The chapters that follow will provide you with exercises and strategies to 
reduce some of the most common injuries athletes experience. Some injuries 
simply cannot be avoided, but by building a more resilient athlete, we can 
greatly reduce their risk of injury. Most athletes will benefit from the proper 
application of force and training stresses to optimize training outcomes.



This page intentionally left blank. 



9

E8398/Potach/Fig. 03.03b/686473/pulled/R2

INJURY 
PREVENTION 

EXERCISE 
PRINCIPLES

When designing an injury prevention program, several variables must be 
addressed to ensure that participants are safe and the program is effective. 
A great deal of time and understanding is required to properly incorporate 
an injury prevention program into an overall training plan. Injury types and 
exercise principles are essential to designing a program for athletes; using and 
adhering to those principles maximizes the chances of the athlete’s success 
while also reducing the likelihood of injury. An overview of the various types 
of injuries were covered in the previous chapter, and now we will discuss the 
principles of exercise design. The exercise principles that we focus on in this 
book include types of muscle contractions, selection of exercise types, and 
how humans learn movement.

Specificity, overload, and progression are perhaps the most important consid-
erations when choosing exercises to include in an injury prevention program. 
We must consider how the body moves and how the muscles function during 
both general movement and the specific moments during which the body 
is most susceptible to injury. If the loads do not challenge the athlete—i.e., 
overload—adaptations will not occur. And if the exercises and loads are not 
progressed through exercise complexity or weight, the athlete will plateau and 
continued adaptations will suffer. Therefore, when designing injury prevention 
programs, our goal is to bring about certain changes or adaptations specific 
to the type of demand imposed upon the body. This is referred to as specific 
adaptation to imposed demands, or the SAID principle. If the goal is to run faster, 
fast running should be included in the training program; if the goal is to jump 
higher, jumping should be included in the training program.

2
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MOVEMENT DESCRIPTION
To analyze sport movements and use exercises to help reduce injury risk, an 
understanding of movement terminology is important. All sporting function 
involves the coordinated movement of the body’s joints. This movement is 
purposely controlled by muscle contractions. As those contractions move the 
joints and encounter resistance to that movement, force is generated, called 
torque. The most common joint movements are provided in figure 2.1.

Wrist—frontal
Ulnar deviation
Exercise: ulnar deviation wrist curl
Sport: baseball bat swing

Radial deviation
Exercise: radial deviation wrist curl
Sport: golf backswing

Wrist—sagittal
Flexion
Exercise: wrist curl
Sport: basketball free throw

Extension
Exercise: wrist extension
Sport: racquetball backhand

Shoulder—sagittal
Flexion
Exercise: front shoulder raise
Sport: boxing uppercut punch

Extension
Exercise: neutral-grip seated row
Sport: freestyle swimming stroke

Elbow—sagittal
Flexion
Exercise: biceps curl
Sport: bowling

Extension
Exercise: triceps pushdown
Sport: shot put

Shoulder—transverse or horizontal
Internal rotation
Exercise: internal rotation with tubing
Sport: baseball pitch

External rotation
Exercise: external rotation with tubing
Sport: martial arts movement

Shoulder—frontal
Adduction
Exercise: wide-grip lat
pulldown
Sport: swimming breast stroke

Abduction
Exercise: wide-grip shoulder
press
Sport: springboard diving

Neck—sagittal
Flexion
Exercise: neck machine
Sport: somersault

Extension
Exercise: dynamic
back bridge
Sport: back tuck

Shoulder—transverse or 
horizontal
(upper arm to 90° to trunk)
Adduction
Exercise: dumbbell chest fly
Sport: tennis forehand

Abduction
Exercise: bent-over lateral
raise
Sport: tennis backhand

Neck—frontal
Left tilt
Exercise: neck machine
Sport: slalom skiing

Right tilt
Exercise: neck machine
Sport: slalom skiing

Neck—transverse or 
horizontal
Left rotation
Exercise: manual resistance
Sport: wrestling movement

Right rotation
Exercise: manual resistance
Sport: wrestling movement
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FIGURE 2.1 Common joint movements used in sport.
Adapted by permission from E.A. Harman, M. Johnson, and P.N. Frykman, “A Movement-Oriented Approach to Exercise Prescription,” NSCA 
Journal 14, no. 1 (1992): 47-54.
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Wrist—frontal
Ulnar deviation
Exercise: ulnar deviation wrist curl
Sport: baseball bat swing

Radial deviation
Exercise: radial deviation wrist curl
Sport: golf backswing

Wrist—sagittal
Flexion
Exercise: wrist curl
Sport: basketball free throw

Extension
Exercise: wrist extension
Sport: racquetball backhand

Shoulder—sagittal
Flexion
Exercise: front shoulder raise
Sport: boxing uppercut punch

Extension
Exercise: neutral-grip seated row
Sport: freestyle swimming stroke

Elbow—sagittal
Flexion
Exercise: biceps curl
Sport: bowling

Extension
Exercise: triceps pushdown
Sport: shot put

Shoulder—transverse or horizontal
Internal rotation
Exercise: internal rotation with tubing
Sport: baseball pitch

External rotation
Exercise: external rotation with tubing
Sport: martial arts movement

Shoulder—frontal
Adduction
Exercise: wide-grip lat
pulldown
Sport: swimming breast stroke

Abduction
Exercise: wide-grip shoulder
press
Sport: springboard diving

Neck—sagittal
Flexion
Exercise: neck machine
Sport: somersault

Extension
Exercise: dynamic
back bridge
Sport: back tuck

Shoulder—transverse or 
horizontal
(upper arm to 90° to trunk)
Adduction
Exercise: dumbbell chest fly
Sport: tennis forehand

Abduction
Exercise: bent-over lateral
raise
Sport: tennis backhand

Neck—frontal
Left tilt
Exercise: neck machine
Sport: slalom skiing

Right tilt
Exercise: neck machine
Sport: slalom skiing

Neck—transverse or 
horizontal
Left rotation
Exercise: manual resistance
Sport: wrestling movement

Right rotation
Exercise: manual resistance
Sport: wrestling movement
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Lower back—frontal
Left tilt
Exercise: medicine ball
overhead hook throw
Sport: gymnastics side aerial

Right tilt
Exercise: side bend
Sport: basketball hook shot 

Lower back—sagittal
Flexion
Exercise: sit-up
Sport: javelin throw
follow-through

Extension
Exercise: hyperextension
Sport: back tuck

Hip—sagittal
Flexion
Exercise: leg raise
Sport: American football punt

Extension
Exercise: back squat
Sport: long jump take-off

Lower back—transverse
or horizontal
Left rotation
Exercise: medicine ball side
toss
Sport: baseball batting

Right rotation
Exercise: torso machine
Sport: golf swing

Hip—transverse
Internal rotation
Exercise: resisted internal rotation
Sport: basketball pivot movement

External rotation
Exercise: resisted external 
rotation
Sport: figure skating turn

Hip—frontal
Adduction
Exercise: standing
adduction machine
Sport: soccer side step

Abduction
Exercise: standing
abduction machine
Sport: hockey skating

Knee—sagittal
Flexion
Exercise: stability ball hamstring 
curl
Sport: diving tuck

Extension
Exercise: leg extension
Sport: volleyball block

Hip—transverse or
horizontal
(upper leg to 90° to trunk)
Adduction
Exercise: adduction machine
Sport: karate in-sweep

Abduction
Exercise: seated abduction
machine
Sport: wrestling escape

Ankle—frontal
Inversion
Exercise: resisted inversion
Sport: change of direction in 
soccer

Eversion
Exercise: resisted eversion
Sport: speed skating

Ankle—sagittal
Dorsiflexion
Exercise: resisted ankle 
dorsiflexion
Sport: running

Plantar flexion
Exercise: calf (heel) raise
Sport: high jump

(continued)
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MUSCLES AND MOVEMENT
In order to describe the relationship between muscles and movement, we will 
examine three separate but related purposes. Specifically, we consider the 
muscle’s function, the muscle’s action, and the speed of the muscle contraction.

Muscle Function
A muscle’s function is a description of how it engages in response to exter-
nal stimulus. (Note: Although there is a slight difference between a muscle’s 
function and role, the two terms are used interchangeably here.) There 
are two components to determining muscle function: force generation and 
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Lower back—frontal
Left tilt
Exercise: medicine ball
overhead hook throw
Sport: gymnastics side aerial

Right tilt
Exercise: side bend
Sport: basketball hook shot 

Lower back—sagittal
Flexion
Exercise: sit-up
Sport: javelin throw
follow-through

Extension
Exercise: hyperextension
Sport: back tuck

Hip—sagittal
Flexion
Exercise: leg raise
Sport: American football punt

Extension
Exercise: back squat
Sport: long jump take-off

Lower back—transverse
or horizontal
Left rotation
Exercise: medicine ball side
toss
Sport: baseball batting

Right rotation
Exercise: torso machine
Sport: golf swing

Hip—transverse
Internal rotation
Exercise: resisted internal rotation
Sport: basketball pivot movement

External rotation
Exercise: resisted external 
rotation
Sport: figure skating turn

Hip—frontal
Adduction
Exercise: standing
adduction machine
Sport: soccer side step

Abduction
Exercise: standing
abduction machine
Sport: hockey skating

Knee—sagittal
Flexion
Exercise: stability ball hamstring 
curl
Sport: diving tuck

Extension
Exercise: leg extension
Sport: volleyball block

Hip—transverse or
horizontal
(upper leg to 90° to trunk)
Adduction
Exercise: adduction machine
Sport: karate in-sweep

Abduction
Exercise: seated abduction
machine
Sport: wrestling escape

Ankle—frontal
Inversion
Exercise: resisted inversion
Sport: change of direction in 
soccer

Eversion
Exercise: resisted eversion
Sport: speed skating

Ankle—sagittal
Dorsiflexion
Exercise: resisted ankle 
dorsiflexion
Sport: running

Plantar flexion
Exercise: calf (heel) raise
Sport: high jump

FIGURE 2.1 (continued)

FIGURE 2.1 (continued) 
Adapted by permission from E.A. Harman, M. Johnson, and P.N. Frykman, “A Movement-Oriented Approach to Exercise Prescription,” NSCA 
Journal 14, no. 1 (1992): 47-54.
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movement. When a muscle contracts, it generates force. Sometimes this force 
produces movement (e.g., jumping up), sometimes it resists movement (e.g., 
decelerating when landing), and sometimes it maintains position (e.g., iron 
cross movement in gymnastics). Generating force and the associated type of 
movement is referred to as muscle contraction or action, but both muscle force 
and type of movement are important to this definition. If a partner bends an 
athlete’s elbow but the athlete does not assist, this is not a muscle action, it 
is a passive movement. Although there is some debate about using the term 
muscle contraction (contraction refers to shortening) versus muscle action, we 
will use the term muscle contraction here for ease of reading and understanding.

Muscles have different roles—to produce or resist movement—based on the 
movement’s goal. The three roles we will discuss are agonist, antagonist, and 
stabilizer. An agonist is the prime mover of a given action. For a dumbbell 
biceps curl, the muscles of the arm (primarily brachialis and biceps brachii) 
are the agonists—the muscles generating the force to produce the movement. 
Antagonist muscles oppose the given movement. In the case of the dumbbell 
biceps curl, triceps brachii is the antagonist muscle group. Stabilizers help 
maintain body alignment to perform the movement. During the dumbbell 
biceps curl, the shoulder muscles (primarily deltoid and the rotator cuff mus-
cles) maintain shoulder alignment to allow the movement at the elbow.

Muscle Action
A muscle action is the description of what happens when a muscle contracts. As 
mentioned, all muscle contractions result in the generation of force. There are 
three primary types of muscle contractions that refer to the type of movement 
that results from that generation of force: concentric, eccentric, and isometric.

Concentric
Concentric muscle contractions refer to those muscle actions that involve 
shortening of the muscle. During concentric contractions, the muscle fibers 
shorten and bring the ends of the fibers closer together. The result of this 
concentric action is movement at the joint. It is easiest to think of concentric 
muscle contractions as producing movement. When performing the upward 
phase of the dumbbell biceps curl, the anterior muscles of the arm (primarily 
brachialis and biceps brachii) are concentrically active to bend the elbow and 
therefore raise the weight. In this scenario, the arm muscles generate more 
internal force than the external force produced by the external resistance of 
the dumbbell, and the dumbbell is lifted. Cycling is an example of an activity 
that is almost entirely concentric in nature.

Eccentric
Eccentric muscle contractions refer to those muscle actions that involve length-
ening of the muscle. During eccentric contractions, the muscle fibers get longer, 
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and the ends of the fibers move farther apart. It is easiest to think of eccentric 
muscle contractions as resisting movement. When performing the downward 
phase of the dumbbell biceps curl, the same anterior muscles of the arm are 
now eccentrically active to resist extension of the elbow and therefore lower 
the weight slowly. In this scenario, the arm muscles generate less internal force 
than the external force produced by the resistance of the dumbbell, and the 
dumbbell is lowered. Landing from a jump is an example of an activity that is 
almost entirely eccentric in nature. Throwing a baseball or softball also requires 
eccentric muscle action. Once the ball has been released, the muscles on the 
posterior aspect of the shoulder (infraspinatus, teres minor, posterior deltoid, 
rhomboids) act eccentrically to slow down the momentum of the arm.

Two primary benefits of exercises involving eccentric contractions are the 
ability to improve tolerance to eccentric exercise—a sort of “injury proofing” 
of the muscles—and the role eccentric contractions play in deceleration. First, 
when eccentric exercises are performed, a phenomenon referred to as delayed 
onset muscle soreness (DOMS) often occurs. DOMS involves the microtearing of 
muscle fibers, which causes swelling and pain 48 hours after exercise. Con-
tinuing to perform exercises with an eccentric bias is a strategy to improve 
tolerance to that motion or activity. Running downhill is a good example: The 
quadriceps contract eccentrically to function as brakes for the body to slow 
down the descent, often causing significant soreness in the front of a runners’ 
thighs. But if done repeatedly, tolerance to this muscle contraction increases 
and the likelihood of future soreness eventually decreases.

In addition, muscles act in an eccentric fashion when decelerating motion. 
Most sports involve repeated bouts of stopping, starting, slowing down, and 
changing direction. This period of stopping and changing direction is a common 
moment of injury. During those stops and changes of direction, the involved 
muscles act eccentrically to slow or stop the athlete’s motion, or momentum, 
before acting concentrically to begin moving again. Because momentum is the 
product of mass and velocity, both larger and faster objects require greater force 
to slow or stop. If we are able to train the muscles to more efficiently decelerate 
the body—via eccentric muscle action—we can decrease the risk of injury.

Isometric
Isometric muscle contractions refer to those actions that involve the muscle 
essentially remaining the same length. During isometric contractions, the 
muscle fibers remain active, but the ends of the fibers remain the same distance 
apart. It is easiest to think of isometric muscle contractions as maintaining 
position. For example, if the athlete pauses during one of the phases of the 
dumbbell biceps curl and holds the dumbbell in place without moving, the 
muscles of the anterior arm are isometrically active to maintain position of 
the elbow. In this scenario, the arm muscles generate the same internal force 
as the external force produced by the resistance of the dumbbell, and the 
dumbbell is stationary. Holding a plank position is an example of an activity 
that is almost entirely isometric in nature.
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Speed of Contraction
Muscle contractions can be slow and controlled, but they also occur during 
rapid movements. The speed of muscle contraction that occurs during an 
athlete’s sport is important to consider when designing injury prevention 
exercises. For example, throwing a ball involves several phases, generally 
summarized as rapid agonist eccentric muscle contraction, followed by rapid 
agonist concentric contraction, and ending with rapid antagonist eccentric 
contraction. When training to reduce throwing-related injuries, exercises should 
be included that consider these rapid movements; if only slow exercises are 
provided for a thrower, strength will increase, but it will not be specific to 
the type of muscle contraction required by the athlete.

Special thought must be given to exercises that focus on power production. 
As opposed to the three primary types of muscle contractions, during which 
athletes commonly use slow or controlled movements, explosive contractions 
involve the athlete moving with maximum concentric acceleration. Although 
this maximum speed of muscle contraction can occur from a resting position, 
it is often preceded by an eccentric contraction. Furthermore, these explosive 
muscle contractions can occur when no movement takes place.

However, it is easiest to think of explosive muscle contractions as acceler-
ating rapidly. If the athlete performs the dumbbell biceps curl by lifting the 
dumbbell as quickly and forcefully as possible, this would be an explosive 
muscle contraction: The anterior arm muscles rapidly generate more internal 
force than the external force produced by the resistance of the dumbbell, 
creating a swift momentum change. However, the dumbbell biceps curl 
exercise is not a common use of explosive muscle contractions, which are 
more commonly seen during jumping, cutting, and throwing. These activities 
involve the rapid generation of force to produce—and resist—large and quick 
changes of momentum.

Motor Learning
Learning to perform a movement task is a complex process of trial and error 
between the athlete and the surrounding physical world. This process is 
commonly referred to as motor learning. Within the athlete is a complicated 
interface between the nervous system and the musculoskeletal system, with 
a near-infinite number of possible nuanced solutions. Therefore, the optimal 
solution for a movement task for one athlete might be different from the opti-
mal solution for another.

The ideal training strategy may be to manipulate the environment to encour-
age each athlete to explore and find their own best solution. Understanding 
basic biomechanical principles, exercise modes, and activity exposure is key 
to developing the ideal training environment for each unique athlete.
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BIOMECHANICAL PRINCIPLES
Injury prevention program design relies on the many principles of biome-
chanics to be effective. When analyzing athletic movements, we most often 
focus on how force is applied. Sometimes it is applied quickly to produce 
motion (rate of force development), sometimes it is held for a long period 
(strength endurance), and sometimes it is needed to slow down movement 
(deceleration). The easiest way to think of these applications is to consider 
the force that is produced over time when pushing against a fixed object and 
the resulting force–time curve (impulse; see figure 2.2).

E8398/Potach/F 02.02/686469/pulled/R1

Fo
rc

e 
(W

b
)

3

4

2

1

0

–1
0.03 0.06 0.09

Time (s)
0.12 0.15 0.18

Fo
rc

e 
(W

b
)

3

4

2

1

0

–1
0.03 0.06 0.09

Time (s)
0.12 0.15 0.18

Horizontal force

Vertical force

Braking
impulse

Propulsive
impulse

FIGURE 2.2 Force–time curve.
Reprinted by permission from B.H. Deweese and S. Nimphius, “Program Design and Technique for Speed and Agility 
Training,” in Essentials of Strength Training and Conditioning, 4th ed., edited for the National Strength and Conditioning 
Association by G.G. Haff and N.T. Triplett (Champaign, IL: Human Kinetics, 2016), 524.

Force
Force is the push or pull on an object by another object. This tends to result 
in a change in the state of rest or motion of that object—in other words, force 
creates a change of momentum. The body experiences many types of force. 
Some are internal, like the pulling of a muscle or the stiffness of a bone, 
and some are external, like the friction of a running surface or the impact of 
hitting the ground. Peak force is represented by the highest point achieved 
on the force–time curve.

Rate of Force Development
Rate of force development (RFD) refers to how quickly force is generated. This 
is represented by the slope at any given point of the force–time curve. RFD 
can be looked at two different ways. It is an indicator of an athlete’s explosive 
strength; greater RFD results in more explosiveness. Another way to view RFD 
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is by looking at how much stress an athlete can tolerate. Specifically, the more 
quickly that an athlete can generate internal force via muscle contraction, the 
higher amounts of quickly developing external forces that the athlete can tolerate.

Impulse
Impulse is force produced over time and is represented by the area under the 
force–time curve. The amount of impulse that can be generated in a given 
time limits the amount of momentum that can change in the same amount 
of time. In sporting actions such as landing and cutting, there is a very short 
amount of time available to generate impulse. If the athlete can generate a 
high peak force, but not in the available window of time, the resulting change 
in momentum will not be as great as desired. Impulse, then, is a combination 
of the proper amount of force applied for the proper amount of time.

Strength Endurance
The ability to produce a given amount of force over a prolonged period is known 
as strength endurance. In sport and exercise, athletes are often required to maintain 
a position for a long period of time, like holding a plank or performing the iron 
cross in gymnastics. Variations of strength endurance include speed endurance 
(e.g., maintaining running speed over a prolonged time, like a middle-distance 
runner) and explosive endurance (e.g., producing repeated explosive contractions 
over a prolonged time, like a basketball center rebounding).

Deceleration
As described earlier, deceleration is the process of rapidly slowing the body. 
Deceleration is most often seen in sports that require an immediate or grad-
ual stop or frequent changes in direction. Deceleration requires significant 
eccentric muscle contractions, typically over a very short period of time, to 
help with this rapid change of momentum.

EXERCISE MODES
Program design can involve several types—or modes—of exercise. There are 
multiple ways to categorize these modes of exercise; however, we will focus 
on five modes: strength, plyometric, speed and agility, flexibility, and aerobic 
endurance training. In the introduction, you will find details on the icons that 
will appear with each exercise to indicate the exercise mode.

Strength Training
Strength training—often used interchangeably with resistance training, weight 
training, or weightlifting—is the use of resistance to increase strength in spe-
cific muscles. Sometimes this resistance is simply gravity, as with bodyweight 
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exercises; sometimes this resistance may be an external weight like a dumbbell 
or barbell. The dumbbell overhead shoulder press and the bodyweight squat 
are two common strength training exercises.

Strength training exercises are typically performed using slow, controlled 
movements, but certain strength training exercises allow athletes to target spe-
cific goals, like power. One example is the power clean, which involves lifting 
a barbell from the floor to the shoulders in a rapid, powerful manner. Strength 
training is the foundation of most injury prevention programs because this 
training is relatively easy to do and it is supported by several research studies.

Plyometric Training
Plyometric training is the use of exercises to produce maximal force in the 
shortest time possible. All plyometric exercises involve the stretch shortening 
cycle (SSC), which is a sequence of three phases (eccentric, amortization, and 
concentric). The first phase, eccentric, involves a quick stretch of the involved 
muscle. During this rapid stretch, energy is stored in elastic components of 
the musculotendinous structure and a stretch reflex is stimulated.

The next phase—ideally the shortest of the three phases—is the amortization 
phase. This phase is really a short pause to allow the reflexive nerve signals to 
communicate in the spinal cord before sending signals to the agonist muscle 
group. Lastly, the concentric phase is the payoff of the previous two phases. The 
energy stored in the elastic components is released and the nerve signal from the 
spinal reflex reaches the muscle. The result of these two components—release 
of stored elastic energy and spinal reflex—is an increase of force to a greater 
level than achieved by simple contraction alone. All three phases must occur for 
an exercise to be considered plyometric. The box jump is a common plyometric 
exercise because it involves all three SSC phases, whereas landing from a jump 
is not plyometric because the eccentric phase is essentially the only phase of the 
SSC occurring. Plyometric training as an injury prevention strategy is supported 
by several research studies and is included in most injury prevention programs, 
especially those designed to prevent ACL and ankle injuries.

Special Training
There are a variety of exercises that don’t fall easily into strength or plyometric 
exercises, we have termed these special exercises. These exercises are more 
specific to an athlete’s sport or position needs. These special exercises can 
be subdivided into three types of training: speed and agility, flexibility, and 
aerobic endurance.

Speed and Agility Training
Speed training involves the use of exercises to improve an athlete’s move-
ment velocity, whereas agility training uses exercises to improve an athlete’s 
ability to change direction (typically in response to an external stimulus, like 
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a defender). Both modes involve the use of rapid acceleration and the devel-
opment of maximal force in the shortest time possible (i.e., RFD). Speed and 
agility training have direct application to injury prevention for many sports and 
body regions; speed training, as an example, should be a primary component 
of hamstring injury prevention programs and agility exercises are appropriate 
for all lower extremity injury prevention programs.

Flexibility Training
Flexibility is commonly defined as the range of motion of a joint. However, we 
do not believe range of motion alone adequately describes flexibility during 
sporting movements and therefore also include an assessment of muscle, 
tendon, and other tissue extensibility (i.e., the ability to be stretched). Consider 
the front split: Most people have the required range of joint motion in the 
hips to perform the front split, but still cannot perform the movement. The 
reason is not lack of range of motion; it is tissue extensibility, specifically of 
the hamstrings of the front leg and hip flexors of the trailing leg. Flexibility 
training, then, is the use of exercise to maximize both range of motion and 
tissue (primarily muscle) extensibility.

The two most common types of stretching are static and dynamic which 
both improve flexibility. Static stretching is passive in nature and involves 
holding a stretched position for a prolonged time. Dynamic stretching involves 
active movement while stretching. Both are commonly used during pregame 
warm-ups and postgame cool-downs. However, both are also somewhat con-
troversial. Static stretching has been shown to significantly decrease power 
production for the short time after it has been performed (Opplert and Babault 
2018; Sa et al. 2015; Yamaguchi et al. 2006). Further, there is little research to 
support the use of static or dynamic stretching to prevent injuries (Gremion 
2005; Witvrouw et al. 2004).

Aerobic Endurance Training
Aerobic endurance training (also referred to as cardiovascular or cardiorespiratory 
training) is designed to improve the function of the cardiovascular and respira-
tory systems. There are several measurements used to assess this improvement 
(e.g., cardiac output, blood pressure, and minute ventilation), but the most 
commonly used measurement is maximal oxygen uptake (O

2
max), or the 

maximal amount of oxygen that can be used by the cells in the body during 
exercise. Many training approaches can be used to improve O

2
max, including 

the use of long slow distance, tempo, and interval training with different modes, 
like running, cycling, and swimming. Because fatigue has been described as 
a factor in athletic injuries, some suggest that athletes address this by train-
ing while in a fatigued state, but a better strategy may be to improve overall 
aerobic endurance in order to reduce the likelihood and intensity of fatigue.
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ACTIVITY EXPOSURE
Participating in a physical activity over a prolonged period (i.e., several weeks 
or months) has the potential to reduce an athlete’s risk of injury. This pro-
longed exposure to the physical stress of both training and practicing a sport 
is an important part of injury prevention training. Consider every college or 
professional sport; each of those athletes trains during the offseason (training 
exposure) and then participates in a preseason camp (practice exposure). This 
is an important combination of activities for those athletes as they prepare 
for games and competition.

One recent attempt to explain the benefits of this exposure has been the 
acute–chronic workload ratio (ACWR) (Gabbett et al. 2019; Johansson et al. 2022). 
The ACWR considers what an athlete has done in recent training, such as the 
past week (acute workload), in relation to what has been done over a longer 
period, such as the past month (chronic workload). It posits that, if the acute 
workload increases too much in relation to what has been done over the longer 
period of time, injury risk increases. Although several articles have been written 
about this topic, research is mixed as to the benefits of its use and fail to show 
that there is a specific ratio that should be followed for all athletes. However, 
we do generally believe that the greater exposure an athlete has to workloads 
over a longer period of time, the less likely she is to develop an injury.

Designing injury prevention programs requires knowledge of exercise prin-
ciples to result in the best outcomes for the participating athletes. Exercises 
should have some similarity to the movements of the given sport or activity 
and the muscles should perform similar functions. A variety of exercise types 
must be included and they must be taught in ways that maximize movement 
success. Combining all of these is the fun part of designing injury prevention 
programs! In the following chapters, specific injury prevention exercises will 
be presented and both the anatomy of the specific muscles involved and the 
types of muscle contractions will be noted. Most importantly, each exercise 
will highlight a specific injury it can help prevent.
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Injuries to the head, neck, and shoulders occur quite frequently in sport. 
Though closely related and interdependent, we have divided the discussion of 
these injuries into two general regions for ease of understanding: the head and 
neck (collectively) and the shoulder. Each of these regions will be discussed, 
and common injuries to each will be covered.

HEAD AND NECK
Several injuries can involve the head and neck, but we concentrate on two 
of the more common injuries: concussion and cervical (neck) muscle strain. 
Although these are different injuries, we have grouped them together because 
both respond well to exercises that focus on strengthening the muscles iden-
tified here. By strengthening these muscles, the neck becomes more stable 
and resistant to loads, and the risks of concussion and cervical muscle strain 
are decreased.

Concussion
Concussions are mild traumatic brain injuries that typically occur following 
a head impact; this impact results in the brain moving within—and hitting 
the sides of—the skull. Although there is no diagnostic test for a concussion, 
athletes with concussions may report various symptoms, including

• headache,

• impaired mental processes,

• increased irritability,

• forgetfulness,

• difficulty concentrating,

• loss of consciousness,

• nausea, and

• sleep disturbances.

3
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Cervical Muscle Strain
Cervical muscle strains involve small tears in the muscles of the neck, which 
often occur when moving the neck through extreme ranges of motion or with 
excessive stress (either through overuse or a single event of overload). Ath-
letes with cervical muscle strain commonly report symptoms such as general 
neck pain or stiffness, pain in the shoulders or upper back, muscle spasms, or 
headache, often starting at the base of the neck. In rare cases, athletes report 
numbness and tingling sensations in their upper extremities.

SHOULDER
The shoulder is the joint between the trunk and arm. The movements of the 
shoulder are accomplished by combinations of primarily posterior and ante-
rior muscles that run between the trunk and the bones of the pectoral girdle 
and arm. One of the most mobile joints in the body, the shoulder allows us 
to carry objects, reach overhead, throw a ball, swim, and reach behind our 
backs. Accomplishing these tasks requires proper strength of several muscles 
to improve the stability of the shoulder joint. The shoulder is actually a com-
bination of four primary joints: the glenohumeral joint, sternoclavicular joint, 
acromioclavicular joint, and scapulothoracic joint.

• Glenohumeral joint. This is the joint most people think of as “the shoulder.” 
The glenohumeral joint is the articulation between the glenoid fossa of the 
scapula and the head of the humerus. This is most easily seen as the inter-
action of a ball in a socket (a concave area in which another object moves). 
Anatomically, the ball is the head of the humerus and the socket is the glenoid 
fossa (see figure 3.1). But, to function properly, the following three joints must 
also do their part.

• Sternoclavicular joint. The sternoclavicular joint allows small movement and 
is the articulation between the medial aspect of the clavicle and the superior 
portion of the sternum.

• Acromioclavicular joint. The acromioclavicular joint (sometimes referred to 
as the AC joint) also allows small movement and is the articulation between the 
lateral aspect of the clavicle and a portion of the scapula called the acromion.

• Scapulothoracic joint. The scapulothoracic joint is not a true articulation; 
rather, it is a functional joint between the anterior surface of the scapula and 
the posterior chest wall.

The large number of joints in the shoulder means a great amount of move-
ment coordination is necessary, increasing the likelihood of injury. Further, 
because of the different types of joints involved, a variety of injuries can occur.
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Shoulder Impingement
Shoulder impingement is thought to occur when elevation of the arm (humerus) 
causes the head of the humerus to migrate superiorly (upward), thereby 
decreasing the space between the acromion and the humeral head. However, 
there has been recent debate regarding the use of this description as a cause of 
pain. Some have questioned whether the “pinching” during movement occurs 
and, if it does, if that indeed is the source of the pain. It is likely that other 
causes exist and that other structures are involved. Competing explanations 
for subacromial pain include tendinopathies of the rotator cuff muscles or 
simply increased sensitivity.

Rotator Cuff Strain
The rotator cuff is a group of four muscles and tendons—supraspinatus, 
infraspinatus, teres minor, and subscapularis—that help keep the head of 
the humerus centered in the glenoid fossa (see figure 3.2). Tendons of the 
rotator cuff surround the humeral head anteriorly, superiorly, and posteriorly, 
essentially becoming “dynamic ligaments” to improve glenohumeral stability. 
The socket of the joint (glenoid fossa) is very small and shallow compared to 
the size of the ball (humeral head). The rotator cuff muscles act to pull the 
head of the humerus medially into the glenoid fossa, providing most of the 
force resisting disarticulation (separation) of the joint. The active contraction of 
these muscles produces movement at the joint. Depending on the orientation 
of the glenohumeral joint, all rotator cuff muscles can rotate the humerus.

A strain, by definition, is the tearing of muscle fibers. Sometimes this tear-
ing is mild (grade I), sometimes it involves a complete rupture (grade III), 

FIGURE 3.1 Joints of the shoulder: glenohumeral joint, sternoclavicular joint, acromioclavicular 
joint, and scapulothoracic joint.
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Scapulothoracic
joint
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Sternoclavicular
joint
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Acromioclavicular
joint

E8398/Potach/Fig 3.1/686470/JB/R2
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and sometimes it is in between those two (grade II). Any of the rotator cuff 
muscles can become strained, often through overuse. The most frequently 
strained rotator cuff tendon is the supraspinatus.

Anterior Shoulder Instability
Of the four joints that make up the shoulder joint (see figure 3.1), the one that 
is most commonly susceptible to instability is the glenohumeral joint. Insta-
bility of this joint can result in a shoulder dislocation or subluxation, meaning 
the humeral head is no longer resting in the glenoid fossa. This dislocation 
typically occurs in an anterior direction, but it can occur in any direction.

E8398/Potach/F 03.02/686471/pulled/R1
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FIGURE 3.2 The muscles of the rotator cuff and the scapular stabilizing musculature.
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CERVICAL ISOMETRIC—FLEXION

E8398/Potach/Fig. 03.03a/686472/HR/R1

rectus capitis anterior not visible

Sternocleidomastoid

Rectus capitis lateralis

Longus colli
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Execution
1. To improve alignment, start by looking straight ahead with your head 

level. Place one hand on your forehead to act as resistance.

2. Keeping your hand on your forehead, attempt to tilt your chin toward 
your chest. The hand on your forehead will prevent this motion, making 
the cervical muscles act isometrically. You may push as hard as is com-
fortable.

3. Maintain tension for 5 seconds, then relax.

Muscles Involved
Primary: Sternocleidomastoid

Secondary: Longus capitis, longus colli, rectus capitis anterior, rectus 
capitis lateralis

(continued)
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PREVENTIVE FOCUS
When dysfunction of the cervical flexor muscles occurs, neck pain can occur 
and function (or even cognition) can be decreased. Use of the cervical muscles 
influences overall function by improving stability and control of the neck. 
Endurance of these muscles is important during both daily and sporting tasks.

Because it is quite difficult to isolate single muscles from the combined 
structures that support both the head and the neck, it is common for exer-
cises that improve the function of this area to involve several muscles. The 
exercises described here all help to strengthen the identified muscles, thereby 
improving cervical stability and decreasing the risk of concussions and cer-
vical muscle strains.

The cervical isometric exercises prevent injuries in a number of sports.
• Cycling on the road places a strain on all cervical muscles, but because the 

cyclist spends the majority of his time with the neck in an extended position, 
muscular endurance of the cervical extenders is important. However, if that is 
the only focus, the other muscles of the neck—such as sternocleidomastoid—
become relatively underdeveloped, which can lead to pain and dysfunction.

• Wrestling requires the athlete to have his neck moved to extremes of 
flexion, extension, side bending, and rotation; therefore, it is essential that the 
muscles on all sides of the neck are strong enough to tolerate being placed 
in those severe positions without injuring the cervical spine.

• Football players of all positions rely on the strength of the cervical mus-
cles to withstand the impact and heavy stresses involved with their sport, 
particularly tackling. During a tackle, the possibility 
of the head and neck experiencing sudden move-
ment in an unexpected direction is very high. 
Rule changes and a greater focus on protecting 
the head and neck have helped, but because 
each play has a great degree of unpredictability, 
those rules cannot completely protect the play-
ers. Strengthening the muscles that surround the 
cervical spine is important for these athletes to 
reduce the risk of injury.

• Though not as popular a sport as others, 
auto racing requires special mention. Drivers must 
have sufficient cervical strength to tolerate prolonged 
high stresses. Drivers experience an average 4 to 5 
g’s (meaning four to five times the pull of gravity) 
during a race, which can peak to over 8 g’s during 
tight turns, heavy braking, and rapid accelerations.

CERVICAL ISOMETRIC—FLEXION (continued)
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VARIATIONS

Cervical Isometric—Extension
To improve alignment, start by looking straight ahead with your head level. 
Place one hand on the back of your head to act as resistance.

Keeping your hand on the back of your head, attempt to look up at the 
ceiling. The hand on the back of your head will prevent this motion, making 
the cervical muscles act isometrically. You may push as hard as is comfortable.

Maintain tension for 5 seconds, then relax. The muscles involved with this 
variation differ from those used for flexion; specifically, splenius capitis and 
semispinalis capitis are the primary muscles, with trapezius assisting.

Cervical Isometric—Side Bending
To improve alignment, start by looking straight ahead with your head level. 
Place your hand on the side of your head just in front of your ear to act as 
resistance.

Keeping your hand on the side of your head, attempt to tilt your head 
toward that shoulder. The hand on the side of your head will prevent this 
motion, making the cervical muscles act isometrically. You may push as hard 
as is comfortable.

Maintain tension for 5 seconds, then relax. The muscles involved in this 
variation are similar to those used for flexion; specifically, sternocleidomastoid 
is the primary muscle, with splenius capitis, splenius cervicis, and scalenes 
(anterior, middle, posterior) assisting.
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PUSH-UP WITH PLUS

E8398/Potach/Fig. 03.04ai/688458/HR/R1

Execution

1. Assume the standard push-up position with hands on the floor shoul-
der-width apart and the elbows, knees, and body straight.

2. Lower your body by allowing your elbows to flex and shoulders to hori-
zontally abduct. Keep the body and knees straight during this movement. 
Continue lowering as deeply as possible without causing shoulder pain.

3. Raise your body by extending your elbows and horizontally adducting 
your shoulders. Keep the body and knees straight during this movement. 
Continue raising until your elbows are almost straight.

4. The “plus” portion of the exercise is accomplished by exaggerating 
the top position of the push-up. Keep your elbows straight but try to 
push your body up farther by separating your shoulder blades without 
rounding your back.

E8398/Potach/Fig. 03.04aii/688459/HR/R1

E8398/Potach/Fig. 03.04aiii/686476/HR/R1
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Muscles Involved
Primary: Pectoralis major, deltoid (primarily anterior), triceps brachii, 
serratus anterior

Secondary: Rotator cuff (supraspinatus, infraspinatus, teres minor, sub-
scapularis)

PREVENTIVE FOCUS
The push-up is an excellent way to coordinate all four shoulder joints into one 
exercise. There are many variations, but the one best able to reduce injury risk 
is the push-up with plus. This variation is the standard push-up performed 
with an exaggerated motion at the top of 
the movement. The extra motion—scap-
ular protraction—allows the serratus 
anterior to contribute to the exercise 
in a more pronounced fashion, thereby 
decreasing the risk of shoulder impingement.

Strong shoulders are important for many 
sports, but especially so for throwing athletes. 
Although the motion of a push-up is similar 
to that of throwing, the most important 
benefit of the push-up with plus is 
the stability required to perform 
this motion, which requires the 
humeral head to move within the 
glenoid fossa. Further, push-ups 
generally require stability of the 
scapulae to correctly perform but adding the 
“plus” protraction action amplifies this requirement. If the throwing athlete 
does not have a strong base (scapulae), the likelihood for injury elsewhere 
(e.g., glenohumeral joint) increases. This does not mean the scapulae shouldn’t 
move; it means the scapulae must move in a controlled manner that allows 
the other joints to also function properly.

VARIATION

Elevated Push-Up With Plus
The most common way to vary the push-up with plus is 
by changing the placement of the hands. Specifically, 
the intensity of the exercise can be decreased by 
moving the hands off the floor onto an elevated 
surface, such as a tabletop or countertop. The 
exercise is performed the same way and the 
same muscles are involved, but the intensity 
decreases because the effects of gravity are 
diminished.
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DUMBBELL SHOULDER PRESS

E8398/Potach/Fig 3.5a/686480/JB/R3 
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Execution

1. Sit on a bench and place both feet on the floor.

2. Grasp the dumbbells with a closed, pronated grip.

3. Press the dumbbells over your head until your elbows are fully extended.

4. Keeping your forearms parallel, slowly flex your elbows to lower the 
dumbbells.

5. Lower the dumbbells until they touch your clavicles and front of the 
shoulders.

6. Do not arch the back.
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Muscles Involved
Primary: Deltoid (anterior, middle, posterior), triceps brachii

Secondary: Rotator cuff (supraspinatus, infraspinatus, teres minor, sub-
scapularis), trapezius, levator scapula, rhomboids, serratus anterior

PREVENTIVE FOCUS
Like the push-up with plus, the dumbbell shoulder press is a multijoint exer-
cise that involves all four joints of the shoulder. This exercise is well suited to 
improve rotator cuff function and reduce injury risk. Note, however, that this 
is an advanced exercise—as discussed in previous 
chapters, you should begin with light resist-
ance and increase as you are able.

The dumbbell shoulder press is an impor-
tant exercise for all overhead athletes. Over-
head athletes require repeated movement above 
the level of their shoulders. Examples include 
swimmers, tennis players, baseball pitchers, 
and softball players. Volleyball players in 
particular—especially hitters and blockers—
require strength in a fully flexed shoulder 
position (i.e., overhead). Because the highest 
position in the dumbbell shoulder press is 
similar to the position of a blocker at the net 
and to the hitting position when the player 
makes contact with the ball, this exercise 
specifically strengthens the upper extrem-
ity to tolerate those stresses and therefore 
reduce the player’s risk of shoulder injury.

VARIATION

Barbell Shoulder Press
The most common way to vary the shoulder press is by using a barbell 
instead of dumbbells. Press the barbell overhead until your elbows are fully 
extended. Keeping your forearms parallel, slowly flex your elbows to lower 
the barbell. One other common variation involves moving the dumbbells or 
barbell behind the head. However, this variation should only be performed by 
experienced lifters because it can cause irritation to the front (anterior) of the 
shoulder, especially for those without significant weight training experience.

E8398/Potach/03.05b/686481/JenG/R1
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Execution

1. Position your right foot on the floor with the knee slightly flexed and 
place your left knee on a bench.

2. Rest your left hand on the bench.

3. Create a flat-back position with your torso parallel to the floor.

4. Grasp the dumbbell in your right hand with a closed, neutral grip.

5. Pull the dumbbell toward your torso, keeping your elbow close to the body.

6. Maintain your torso position with the right knee slightly flexed.

7. Touch the dumbbell to your lower chest or upper abdomen.

8. Lower the dumbbell back to the starting position.

DUMBBELL ROW

Start position. Finish position.
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Muscles Involved
Primary: Latissimus dorsi, teres major, trapezius, rhomboids, posterior deltoid

Secondary: Rotator cuff (supraspinatus, infraspinatus, teres minor, sub-
scapularis), brachialis, biceps brachii

PREVENTIVE FOCUS
An exercise that involves all four joints of 
the shoulder, the dumbbell row is able to 
help reduce the risk of several injuries, 
including rotator cuff strain, shoulder 
instability, and shoulder impingement.

The most obvious application for 
the dumbbell row is crew; the upper 
extremity motion of rowing the shell is 
indeed similar to that of the dumbbell row. 
However, the power for the stroke in rowing is 
primarily generated from the lower extremities. An 
athlete who will benefit more from this exercise is a swimmer. The repeated 
motion of the shoulders for all strokes requires the muscles that surround 
the joints (i.e., glenohumeral and scapulothoracic) to be powerful but to also 
possess muscular endurance. The dumbbell row helps to improve both of 
these qualities and ultimately reduces injury risk as a result.

VARIATION

Barbell Bent-Over Row
The row can also be performed with a barbell in a bent-over position. This 
exercise involves the same muscles as the dumbbell row but also requires 
the stabilizers of the low back to become involved. For the barbell bent-over 
row, bend your torso forward in a flat-back position and hold the barbell with 
elbows fully extended. Pull the barbell toward your abdomen, then lower 
until the elbows are again fully extended.

E8398/Potach/Fig 3.6c/686486/JB/R2
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FARMER’S CARRY

Deltoid: 
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Posterior

Levator scapula

Subscapularis
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Teres minor

Trapezius

E8398/Potach/03.07a/686487/JenG/R2

Execution

1. From a standing position, grasp a kettlebell in each hand with a closed, 
pronated grip.

2. Hold the kettlebells at your sides with elbows extended.

3. Maintaining this position, walk for a specified distance.

Muscles Involved
Primary and secondary: Rotator cuff (supraspinatus, infraspinatus, teres 
minor, subscapularis), trapezius, levator scapulae, deltoid (anterior, middle, 
posterior)
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Note: Although the muscles of the lower extremities and forearm play a pri-
mary role in this exercise, we will focus on the shoulder muscles involved 
here, which act isometrically to maintain joint alignment.

PREVENTIVE FOCUS
The farmer’s carry is used in strongman competitions, but it is a very 
good exercise to develop the stabilizers of the glenohumeral joint 
(and grip and even low back) and improve strength 
endurance of the involved muscles. By involving 
all rotator cuff muscles, it is a good choice 
for reducing the risk of both rotator cuff 
strain and shoulder instability episodes.

The farmer’s carry has multiple pur-
poses for both performance training and 
injury prevention. It is included in the 
shoulder section because it requires all 
of the rotator cuff muscles to function. 
This is important during activities that 
require shoulder stability—for example, 
golf. When swinging, the muscles for the 
lead shoulder undergo a strong eccentric 
contraction followed almost immediately 
by a forceful concentric contraction. Using 
an exercise that strengthens the rotator 
cuff muscles for this type of movement is 
important.

VARIATION

Unstable Farmer’s Carry
Common variations of the farmer’s carry include using unstable or variable 
resistances, such as walking uphill or carrying fluid-filled buckets.E8398/Potach/03.07b/686488/JenG/R1
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PRONE HORIZONTAL ABDUCTION

E8398/Potach/Fig. 03.08a/686489/HR/R2
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Execution

1. Lie prone on a bed or table with one arm hanging straight down off 
the side, perpendicular to the floor.

2. Grasp a dumbbell in that hand, with the thumb facing forward.

3. Keeping your elbow extended, raise the hanging arm straight out to the 
side until it is parallel to the floor. (At this position, your arm is at 90 
degrees to your torso and your palm is facing the floor.)

4. Slowly lower your arm to the hanging position.

Muscles Involved
Primary: Deltoid (posterior)

Secondary: Rotator cuff (supraspinatus, infraspinatus, teres minor, sub-
scapularis), rhomboids
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PREVENTIVE FOCUS
Prone horizontal abduction is a challenging sin-
gle-joint exercise that does not require heavy 
weight to be effective. Prone horizontal abduction 
helps to reduce shoulder impingement and rotator 
cuff strain.

This and the following three exercises—termed shoul-
der isolation exercises—target the rotator cuff in a variety of 
ways. Some isolate specific muscles (e.g., external rotation 
at 90 degrees), whereas some require the rotator cuff to 
work with other motions (e.g., D2 flexion with band). 
But all of these exercises rely on the rotator cuff to help 
maintain the position of the humeral head in the glenoid 
fossa at extremes of available joint motion with ballistic 
activities, when decelerating the arm, when hanging, 
and with impact. Examples include throwing, tennis, 
gymnastics, and obstacle course racing.

VARIATION

Prone Horizontal Abduction at 100 Degrees
By changing the angle and rotation of the arm, the 
exercise can change its focus. The most common 
variation is performing the exercise in an externally rotated position, at an 
angle just greater than the typical execution. Specifically, your palm will face 
forward and your arm will be at 100 degrees to your torso at the top position. 
This then tends to involve the supraspinatus to a greater degree.

E8398/Potash/Fig. 03.08c/686492/HR/R1

E8398/Potach/03.08b/686490/JenG/R1
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SCAPTION

E8398/Potach/Fig. 03.09a/686493/HR/R1
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Execution

1. Stand with your feet shoulder- or hip-width apart and with your knees 
slightly flexed. Grasp a dumbbell in each hand with a closed, neutral grip.

2. Externally rotate your shoulders and then raise the dumbbells up and out 
to the sides at a 30-degree angle in front of the body. Your elbows and 
upper arms should rise together and ahead of the forearms and hands.

3. Continue raising the dumbbells until your arms are parallel to the floor or 
at shoulder level. Your thumb should be pointing up at the top position.

4. Slowly lower the dumbbells to the starting position.
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Muscles Involved
Primary: Rotator cuff (infraspinatus, supraspinatus, subscapularis, teres 
minor), deltoid (anterior, middle, posterior)

Secondary: Trapezius, levator scapulae, serratus anterior

PREVENTIVE FOCUS
Also called the “full can,” scaption involves abduction of the arm but at an 
angle in front of the body’s plane—specifically, the scapular plane, which is 
30 degrees anterior to the body’s plane. Scaption helps to reduce shoulder 
impingement and rotator cuff strain. As with the previous exercise, this exer-
cise is beneficial for athletes in several sports, including gymnasts.

E8398/Potach/03.09b/686494/JenG/R1
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EXTERNAL ROTATION AT  
90 DEGREES

Execution
Note: You will need an elastic cord or resistance band to perform this exercise.

1. Stand with your feet shoulder-width apart. With the other end fixed in 
front of you, grip the resistance band with your shoulder abducted to 90 
degrees, elbow flexed at 90 degrees, and forearm parallel to the floor.

2. While maintaining the abducted shoulder position, externally rotate 
your shoulder (the elbow remains bent at 90 degrees).

3. Return the resistance band to the starting position (forearm parallel to 
the floor).

E8398/Potach/03.10a/686496/JenG/R3
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Muscles Involved
Primary: Supraspinatus, infraspinatus, teres minor, deltoid (anterior, 
middle, posterior)

Secondary: Trapezius, levator scapulae, subscapularis

PREVENTIVE FOCUS
Because the primary stabilizers of the 
shoulder joint are also involved in rota-
tion at the glenohumeral joint, exercises 
that use this type of motion are impor-
tant. External rotation at 90 degrees is 
a particularly effective exercise to help 
increase shoulder stability while reduc-
ing the risk of shoulder impingement and 
rotator cuff strain. As with the previous 
two exercises, this exercise is beneficial 
to athletes in several sports, including 
tennis players.

VARIATION

External Rotation at 90 Degrees—
Fast
The most common way to vary external 
rotation at 90 degrees is by performing 
the exercise at an increased speed, 
which more closely mimics the required 
muscle action of throwing.

E8398/Potach/03.10b/686497/JenG/R1
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D2 FLEXION WITH BAND

Execution
Note: You will need an elastic cord or resistance band to perform this exercise.

1. Stand with your feet shoulder-width apart. With one end of the elastic 
resistance band anchored in front of you and to the left, cross your right 
arm across your body and hold the other end of the band in your right 
hand near your left hip.

2. Keeping your elbow slightly flexed, externally rotate your right arm to 
lift it up to an overhead position.

3. Return the resistance band to the starting position by allowing your arm 
to internally rotate. An easy way to think of how to rotate your arm is 
that your thumb should lead the way: When lifting up, the thumb turns 
up; when returning to the starting position, the thumb turns down.

E8398/Potach/Fig. 03.11a/686498/HR/R2
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Muscles Involved
Primary: Supraspinatus, infraspinatus, teres minor, deltoid (anterior, 
middle, posterior)

Secondary: Trapezius, levator scapulae, subscapularis

PREVENTIVE FOCUS
Because most sporting movements involving the shoulder occur in multiple 
planes, it is important to include an exercise that targets this type of motion. 
D2 flexion helps to increase shoulder stability through shoulder flexion, 
abduction, horizontal abduction, and external rotation, thereby reducing the 
risk of shoulder impingement and rotator cuff strain. As with the previous 
exercise, this exercise is beneficial to athletes in several sports, especially 
those involving throwing.

E8398/Potach/03.11b/686499/JenG/R2
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E8398/Potach/04.08b/686519/JenG/R1 ELBOW, WRIST, 
AND HAND

In addition to the shoulder joint, injuries to the other structures of the upper 
extremity do occur in a variety of sports. Although several joints and struc-
tures exist, the upper extremity can be generally divided into three segments 
(the arm, the forearm, and the hand) connected at two joints (the elbow and 
the wrist). This chapter will specifically focus on the arm and elbow, the 
forearm and wrist, and the hand—the three areas most likely to be involved 
in sport-related injuries. The anatomy of each area will be presented, and 
discussion of common injuries will follow. However, this is a complex area of 
the body and although structures have been grouped in a specific manner, it 
should be noted that some muscles act on multiple joints.

ARM AND ELBOW
The anatomical arm is the area between the shoulder and elbow joint. The arm 
is composed of the humerus and can be divided into anterior and posterior 
compartments and the elbow joint includes three bones: the humerus, ulna, 
and radius. There are five muscles in the arm: three flexors in the anterior 
compartment and two extensors in the posterior compartment.

1. Biceps brachii. This is the most superficial muscle of the arm and, as its 
name indicates, it has two heads, the short head and the long head. 
Both heads have origins on the scapula (short head: coracoid pro-
cess of scapula, long head: supraglenoid tubercle of the scapula) and 
join to insert on the radius at the radial tuberosity. Though typically 
considered a flexor of the elbow joint (a job it does assist with), the 
primary function of biceps brachii is to supinate the forearm, making 
supination a very strong motion compared to pronation. Interestingly, 
biceps brachii has no real attachment to the humerus (see figure 4.1).

2. Brachialis. Brachialis has an extensive origin from the anterior aspect 
of the distal half of the humerus and inserts on the ulna at the coro-
noid process and tuberosity. Its only action is flexion of the forearm 
(see figure 4.1).

 4



46 SPORT INJURY PREVENTION ANATOMY

3. Coracobrachialis. Coracobrachialis originates on the coracoid process 
of the scapula and inserts on the middle third of the medial surface 
of the humerus. It assists with flexion and adduction of the humerus 
and helps to stabilize the shoulder joint.

4. Triceps brachii. This is the primary muscle of the posterior arm and has 
three heads: long, lateral, and medial (see figure 4.2). The long head 
originates on the infraglenoid tubercle of the scapula, the lateral head 
originates on the posterior surface of humerus, and the medial head 
originates on the posterior surface of humerus; all three join to insert 
on the proximal end of olecranon process of the ulna. Triceps brachii 
extends the forearm but, through the long head’s attachment to the 
scapulae, also steadies the head of the humerus when the shoulder 
is in abduction.

5. Anconeus. This small muscle originates on the lateral epicondyle of 
humerus and inserts on the lateral surface of ulna’s olecranon process. 
It assists the triceps in extending the forearm and stabilizes the elbow 
joint. While it is listed separately, the anconeus should functionally be 
considered a part of triceps brachii and not a separate functional muscle.

Triceps
brachii
(long head)

Triceps
brachii
(medial head)

Triceps brachii
(lateral head)

E8398/Potach/F 04.02/686502/pulled/R1

E8398/Potach/F 04.01/686501/revised/R2

Unlabeld muscle is the triceps, not the coracobrachialis
Added Flexor digitorum profundus - others not visible

Pronator
teres

Brachialis

Palmaris
longus

Flexor carpi
ulnaris

Flexor digitorum
superficialis

Flexor digitorum
profundus

Brachioradialis

Biceps brachii

Flexor carpi
radialis

Flexor pollicis
longus

FIGURE 4.2 Triceps brachii muscle.FIGURE 4.1 Upper extremity anatomy.
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Though correctly understood as a hinge joint, the elbow is a complex joint 
between the distal end of the humerus and the proximal ends of the ulna 
and radius. The elbow primarily allows for the flexion and extension of the 
forearm, but it does move medially and laterally to much lesser degrees. The 
injuries that occur at the elbow can happen in a number of ways and can 
involve multiple structures. Ligaments, bones, muscles, and tendons are all 
structures that are commonly injured at the elbow joint.

A special note about the wrist extensors and flexors: Because these muscles 
primarily function at the wrist joint, they are covered in a subsequent section. 
However, many of these muscles originate on the humerus and have a role at 
the elbow. Further, when injured, the pain and dysfunction experienced may 
be near the elbow. Therefore, it is important to acknowledge these muscles 
in this section, though they are more traditionally viewed as muscles that 
provide movement at the wrist joint.

Ulnar Collateral Sprain
One of the most researched injuries to the elbow joint is a sprain of the ulnar 
collateral ligament (UCL). The UCL resists valgus elbow forces, which push the 
forearm laterally (out) relative to the arm. Although these forces don’t occur 
during most daily activities, they are common when throwing, as in baseball 
and softball. This throwing motion results in increased tension in the medial 
structures of the elbow, specifically the UCL. When the tension is combined 
with the rapid acceleration of the upper extremity during a throw, tearing of 
the UCL fibers can occur, which may result in a sprain. If the fibers are torn 
to a great enough degree to cause instability, surgery can be indicated; the 
common surgical technique is UCL reconstruction, commonly referred to as 
Tommy John surgery.

Little League Elbow
This injury is common in younger, skeletally immature throwers who have 
open growth plates. In some ways, it is similar to the UCL sprain because the 
mechanism is essentially the same. Instead of the ligamentous fibers tearing, 
however, the open growth plate can become damaged or the UCL can pull 
away from its attachment to the humerus at the medial epicondyle.

Lateral Epicondylitis
Lateral epicondylitis occurs when forearm extensor tendons that attach to 
the humerus are overloaded and irritation with potential microtearing can 
occur. Though commonly referred to as tennis elbow, this injury can occur in 
a variety of sports, particularly those with repetitive gripping and with elbow 
and wrist motions. The forearm muscles and tendons become damaged from 
the overuse of repeated motions or activities.
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Medial Epicondylitis
Medial epicondylitis—commonly referred to as golfer’s elbow—is an injury of the 
wrist flexors near their attachment on the medial epicondyle of the humerus. 
This is an overload injury of the tendon following repetitive forced, passive 
wrist extension, and forearm supination, leading to degeneration. Activities that 
can result in this include those involving wrist flexion and forearm pronation.

Triceps and Biceps Tendinopathies
Irritation of the triceps tendon as it inserts into the olecranon process is termed 
triceps tendinopathy, or weightlifter’s elbow. Irritation of this tendon is typically 
caused by repeated motion—specifically extension—at the elbow. Throwing, 
push-ups, bench press, and other activities that involve a lot of force develop-
ment in the triceps are motions that can lead to injury of the triceps tendon.

Biceps tendinopathy commonly involves the tendon of the long head of the 
biceps brachii muscle, but can also involve its distal insertion on the radius. 
Long head tendinopathy is commonly considered a shoulder injury because 
this tendon attaches to the supraglenoid tubercle of the scapulae. This proximal 
biceps injury is common with the repetitive motions of overhead athletes, like 
swimming, volleyball, tennis, and throwing sports. Although repetitive motion 
can cause distal biceps tendinopathy, it is more likely caused by lifting a weight 
that is too heavy. Injury to the distal biceps brachii tendon is not common.

FOREARM AND WRIST
The forearm is the area between the elbow and wrist joints. The forearm 
comprises the radius and ulna and can be divided into anterior and posterior 
compartments, though these are more commonly referred to as flexor and 
extensor compartments, respectively (see figure 4.3). There are many muscles 
in the forearm; please refer to tables 4.1 and 4.2 for a complete list.

The wrist is a complex combination of several joints between the forearm and 
the hand. The bones of this joint are arranged in two rows, collectively known as 
the carpal bones. The proximal row comprises scaphoid, lunate, triquetrum, and 
pisiform; the distal row comprises trapezium, trapezoid, capitate, and hamate.

• Radiocarpal joint. This joint is the articulation between the distal end 
of the radius and the proximal row of the carpal bones.

• Midcarpal joint. This joint is the articulation between the proximal and 
distal rows of carpal bones.

• Carpometacarpal joint. This joint is the articulation between the prox-
imal end of the metacarpal bones and the surfaces of the distal row 
of the carpal bones. The carpometacarpal joint of the thumb is the 
articulation between the trapezium to the first metacarpal bone; it is 
sometimes considered a different joint because its function differs from 
the other four carpometacarpal joints.
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Flexor carpi
radialis

Flexor carpi
ulnaris

Palmaris 
longus

Pronator
teres

Brachioradialis

E8398/Potach/F 04.03a/686503/pulled/R2

Brachioradialis

Extensor carpi
radialis longus

Extensor carpi
radialis brevis

Extensor
digitorum
communis

Anconeus

Extensor carpi
ulnaris

E8398/Potach/F 04.03b/686504/pulled/R1

FIGURE 4.3 Forearm muscles: (a) anterior and (b) posterior.

TABLE 4.1 Flexor Muscles of the Forearm
MUSCLE ORIGIN INSERTION ACTION
PRONATOR TERES Common flexor tendon (medial 

epicondyle of humerus)
Middle of lateral 
surface of radius

Pronation and some flexion of 
forearm

FLEXOR CARPI  
RADIALIS

Common flexor tendon (medial 
epicondyle of humerus)

Base of second 
metacarpal bone

Flexion and abduction of wrist

PALMARIS LONGUS Common flexor tendon (medial 
epicondyle of humerus)

Palmar aponeurosis Flexion of wrist

FLEXOR CARPI 
ULNARIS

Common flexor tendon (medial 
epicondyle of humerus)

Pisiform bone 
(palmar surface); 
hook of hamate bone 
(palmar surface); fifth 
metacarpal bone

Flexion and abduction of wrist

(continued)

a b
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MUSCLE ORIGIN INSERTION ACTION
FLEXOR DIGITORUM 
SUPERFICIALIS

Common flexor tendon (medial 
epicondyle of humerus);

superior half of anterior radius

Medial four digits Flexion of middle four phalanges 
of medial four digits

FLEXOR DIGITORUM 
PROFUNDUS

Proximal 3/4 of medial and 
anterior surfaces of ulna

Base of the distal 
phalanx of digits 2-5

Flexion of distal phalanges 
of medial four digits and 
assistance with wrist flexion

FLEXOR POLLICIS 
LONGUS

Anterior surface of radius Base of distal phalanx 
of thumb

Flexion of thumb phalanges

PRONATOR  
QUADRATUS

Distal 1/4 of anterior surface 
of ulna

Distal 1/4 of anterior 
surface of radius

Pronation of forearm

TABLE 4.2 Extensor Muscles of the Forearm
MUSCLE ORIGIN INSERTION ACTION
BRACHIORADIALIS Upper 2/3 of supracondylar 

ridge of humerus
Styloid process of 
radius

Flexion of forearm when 
forearm is pronated

EXTENSOR CARPI 
RADIALIS LONGUS

Lateral supracondylar ridge (of 
humerus)

Base of second 
metacarpal bone

Extension of wrist and 
abduction of hand at the wrist

EXTENSOR CARPI 
RADIALIS BREVIS

Common extensor tendon 
(lateral epicondyle of humerus)

Base of third 
metacarpal bone

Extension of wrist and 
abduction of hand at the wrist

EXTENSOR  
DIGITORUM  
COMMUNIS

Common extensor tendon 
(lateral epicondyle of humerus)

Medial four digits Extension of fingers and wrist

EXTENSOR DIGITI 
MINIMI

Common extensor tendon 
(lateral epicondyle of humerus)

Fifth digit Independent extension of the 
fifth digit

EXTENSOR CARPI 
ULNARIS

Common extensor tendon 
(lateral epicondyle of humerus)

Base of fifth metacarpal Adduction of wrist and 
assistance with wrist extension

SUPINATOR Lateral epicondyle of humerus Lateral, posterior, and 
anterior surfaces of 
upper 1/3 of radius

Supination of forearm and 
assistance of biceps brachii with 
forearm supination

ABDUCTOR POLLICIS 
LONGUS

Posterior surfaces of ulna and 
radius

Base of first metacarpal Abduction of thumb and 
extension of thumb at 
carpometacarpal joint

EXTENSOR POLLICIS 
BREVIS

Posterior surfaces of radius Base of proximal 
phalanx of thumb

Extension of proximal phalanx of 
thumb at carpometacarpal joint

EXTENSOR POLLICIS 
LONGUS

Posterior surface of middle 1/3 
of ulna

Base of distal phalanx 
of thumb

Extension of distal phalanx of 
thumb at carpometacarpal and 
interphalangeal joints

EXTENSOR INDICIS Posterior surface of ulna Extensor expansion of 
second digit

Extension of second digit and 
assistance with hand extension

TABLE 4.1 Flexor Muscles of the Forearm (continued)
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• Distal radioulnar joint. This is a pivot-type joint between the radius 
and the ulna just proximal to the wrist joint; motions here include 
pronation and supination of the forearm.

Fractures to the bones of the wrist are common but are difficult to prevent. 
Most injuries that occur at the wrist involve overuse or repetitive strains; these 
are the types of injuries that respond best to injury prevention.

Flexor Muscle Strain
Irritation of the wrist flexor and pronator muscles distal (beyond) to the 
medial epicondyle is termed flexor muscle strain (not to be confused with golf-
er’s elbow, which occurs at the medial epicondyle). This injury involves the 
muscle belly and not the common flexor tendon’s insertion into the medial 
epicondyle. Athletes who throw or use repeated wrist and forearm motion 
are at risk for this injury.

Wrist Ligament Sprain or Strain
Injury to any of the several ligaments stabilizing the wrist is termed a sprain. 
Wrist ligament sprains are typically due to repeated motions and overuse. 
Throwing or gripping may also cause wrist pain, which often increases after 
prolonged or repeated movements.

HAND
The hand is the area distal to the wrist joint and comprises 19 bones. There 
are several extrinsic and intrinsic muscles that help the hand function. The 
extrinsic muscles, listed in the forearm and wrist section, are those that orig-
inate in the forearm. These muscles assist with hand function, but also play 
important roles at the wrist. The intrinsic muscles consist of smaller muscles 
that originate and insert within the hand and are responsible for functions 
such as pinch and grip. Like the forearm, there are great number of intrinsic 
hand muscles (see figure 4.4 and table 4.3).

The hand has many similarities from finger to finger. There are five met-
acarpal bones that articulate with the wrist at the carpometacarpal joints. 
Each metacarpal bone connects to one finger—or phalanx—at the metacar-
pophalangeal (MCP) joint. Each finger has three individual phalanges sepa-
rated by two interphalangeal joints—a proximal interphalangeal (PIP) joint 
and a distal interphalangeal (DIP) joint. The thumb has two phalanges and 
one interphalangeal (IP) joint.
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TABLE 4.3 Intrinsic Muscles of the Hand 

MUSCLE ORIGIN INSERTION ACTION
ABDUCTOR POLLICIS 
BREVIS

Flexor retinaculum and 
tubercle of scaphoid

Lateral aspect of proximal 
phalanx of thumb

Abduction of thumb

FLEXOR POLLICIS 
BREVIS

Flexor retinaculum and 
tubercle of trapezium

Lateral aspect of proximal 
phalanx of thumb

Flexion of thumb

OPPONENS POLLICIS Flexor retinaculum and 
tubercle of trapezium

Lateral aspect of thumb Opposition of thumb

ABDUCTOR DIGITI 
MINIMI

Pisiform Medial aspect of the 
proximal phalanx of fifth digit

Abduction of fifth digit

FLEXOR DIGITI MINIMI 
BREVIS

Flexor retinaculum and 
hook of the hamate

Medial aspect of the 
proximal phalanx of the fifth 
digit

Flexion of fifth digit

OPPONENS DIGITI 
MINIMI

Flexor retinaculum and 
hook of the hamate

Medial aspect of the fifth 
metacarpal

Opposition of fifth digit

DORAL INTEROSSEI 
MUSCLES

Metacarpals Extensor hood and proximal 
phalanges of digits 2-4

Abduction of digits 2-4

PALMAR INTEROSSEI 
MUSCLES

Palmar aspect of 
metacarpals 2, 4, 5

Extensor hood and proximal 
phalanges of digits 2, 4, 5

Adduction of digits 2-4

LUMBRICALS Tendons of flexor 
digitorum profundus

Extensor hood of digits 2-5 Flexion of MCP joints 
with extension of PIP 
and DIP joints

MCP = metacarpophalangeal
PIP = proximal interphalangeal
DIP = distal interphalangeal

FIGURE 4.4 Intrinsic hand muscles: (a) anterior and (b) posterior.

Adductor
pollicis

Abductor
pollicis brevis

Flexor
pollicis brevis

Flexor digiti
minimi brevis

Flexor digitorum
superficialis
tendons

Palmar
interosseous

Abductor digiti
minimi

E8398/Potach/F 04.04a/686505/revised/R1

Opponens 
pollicis Opponens 

digiti minimi

Lumbricals

E8398/Potach/F 04.04b/686506/R1
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Most hand injuries are related specifically to the bones and involve crushing 
injuries, fractures, or avulsions. Some of these fractures are

• boxer’s fracture (fracture of the fifth metatarsal),

• Bennett’s fracture (fracture at the base of the thumb),

• Rolando’s fracture (fracture and dislocation of the thumb),

• jersey finger avulsion (rupture of a flexor tendon from its insertion on 
the distal phalanx), and

• mallet finger avulsion (rupture of an extensor tendon from its insertion 
on the distal phalanx).

Although protective equipment is helpful, it is very difficult to use exercise 
to reduce the risk of these injuries.

Other hand injuries also involve tendons or ligaments. Three of the most 
common are de Quervain’s tenosynovitis, gamekeeper’s thumb, and skier’s 
thumb.

de Quervain’s Tenosynovitis
de Quervain’s tenosynovitis is an overuse injury to the abductor pollicis 
longus and extensor pollicis brevis tendons. Specific activities that can cause 
this include “wringing a washcloth, gripping a golf club, lifting a child, or 
hammering a nail” (Goel and Abzug, 2015).

Gamekeeper’s Thumb and Skier’s Thumb
Both of these terms refer to an avulsion or rupture of the ulnar collateral lig-
ament (UCL) of the first metacarpophalangeal joint. The difference between 
the two involves the way the UCL was damaged; gamekeeper’s thumb is an 
overuse injury to the UCL, whereas skier’s thumb is an acute UCL injury due 
to hyperabduction of the thumb as it is caught by the ski pole strap.
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OVERHEAD TRICEPS EXTENSION

E8398/Potach/Fig. 04.05aii/686507/HR/R2

Rotator cuff:

Supraspinatus

Infraspinatus

Teres minor
Deltoid

Triceps brachii

Execution

1. Stand with your feet shoulder-width apart and your left arm to your side. 
Hold a dumbbell in your right hand with your right arm held behind 
the head and upper back and your elbow flexed.

2. Keeping your right wrist rigid, push the dumbbell upward until your 
elbow is fully extended.

3. Allow your right elbow to flex to slowly lower the dumbbell to the 
starting position.

4. At the completion of the set, repeat the movement with the other arm.
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Muscles Involved
Primary: Triceps brachii

Secondary: Rotator cuff (supraspinatus, infraspinatus, teres minor, sub-
scapularis), deltoid (anterior, middle, posterior)

PREVENTIVE FOCUS
Triceps injuries occur when a rapid force is 
applied through this muscle and its tendon, 
such as a throwing motion. Loading these 
structures helps to improve their strength, 
thereby reducing the likelihood of triceps 
muscle strain or tendinopathy.

Because of the rapid elbow extension, the 
overhead triceps extension is an important exercise 
for all throwing athletes, including shot putters, 
baseball pitchers, and softball players. One ben-
efit of this exercise is improved performance, 
but another is reduced risk of injury. Because it 
involves the long head more than the standard 
triceps push-down exercise, the overhead triceps 
extension places a greater stretch on the triceps 
tendon, thereby increasing its ability to tolerate 
the throwing motion.

VARIATION

Triceps Kickback
Instead of standing with the dumbbell, the triceps kickback requires you to 
support your upper body on a bench. Bend forward slightly, keeping your 
upper body in alignment. Place one hand on the bench for support and hold 
the dumbbell in the other hand. Slowly extend your elbow back while keeping 
your upper arm in tight by your side.

E8398/Potach/F 04.05c/686510/R1
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BARBELL BICEPS CURL

Execution

1. Stand with your feet shoulder-width apart and grasp the bar with a 
closed, supinated grip, hands at or slightly wider than shoulder width.

2. Position the bar in front of your thighs with your elbows fully extended 
and upper arms against the sides of your torso, perpendicular to the floor.

3. Keeping your upper arms stationary, flex your elbows to move the bar 
toward your shoulders until the bar is within 4 to 6 inches (10-15 cm) 
of the shoulders.

4. Still keeping your upper arms stationary, allow your elbows to slowly 
extend back to the starting position.

Biceps brachii
Brachialis

Brachioradialis

Forearm flexors:
Flexor carpi radialis

Flexor carpi ulnaris
Palmaris longus

E8398/Potach/F 04.06a/686511/revised/R1
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Muscles Involved
Primary: Brachialis, biceps brachii

Secondary: Brachioradialis, forearm flexors (flexor carpi radialis, palmaris 
longus, flexor carpi ulnaris), supinator

PREVENTIVE FOCUS
Distal biceps brachii injuries typi-
cally occur when a large force is 
applied through the muscle and 
tendon, whereas proximal injuries 
typically occur during overhead 
activities. Loading these struc-
tures helps to improve their 
strength, thereby reducing the 
likelihood of biceps brachii 
muscle strain or tendinopathy. In 
addition, because this exercise 
loads the elbow joint, UCL injury 
risk is reduced.

Two sports have unique 
requirements of the distal biceps 
brachii, and their athletes would 
benefit by incorporating the 
barbell biceps curl into their 
training:

• Rugby athletes often have the ball pulled out of their hands during 
play, which applies stress to the flexed elbow and increases the possibility 
of a distal biceps brachii injury. Strong elbow flexors (i.e., brachialis, biceps 
brachii) are needed to resist this motion. The barbell biceps curl can reduce 
the risk of this injury.

• Softball pitchers would also particularly benefit from the barbell biceps 
curl exercise. The underhand softball pitching motion requires forceful, 
repeated activity of brachialis and biceps brachii. To reduce a softball 
pitcher’s risk of elbow or distal biceps tendon injury, incorporation of this 
exercise should be strongly considered.

VARIATION

Alternate Dumbbell Biceps Curl
Stand erect or sit on a weight bench as shown. Grasp a dumb-
bell in each hand with your thumbs toward the front. Keeping 
your arm next to your side, flex your right elbow and supinate 
(turn palm upward). Lower the dumbbell until your elbow is 
fully extended, allowing your forearm to pronate until your 
thumb is again toward the front. Repeat with other side.



58 SPORT INJURY PREVENTION ANATOMY

E
L

B
O

W
, 

W
R

IS
T

, 
A

N
D

 H
A

N
D

E8398/Potach/F 04.07a/686515/Revised/R1

Extensor carpi radialis longus

Extensor carpi radialis brevis

Extensor digitorum

Extensor digiti minimi

BARBELL WRIST EXTENSION

Execution

1. Sit on a bench with your feet flat on the floor and grasp a bar with a 
closed, pronated grip, hands hip-width apart. Rest your elbows and 
forearms on top of your thighs with wrists and hands anterior to—or 
in front of—the knees.

2. Raise the bar up as far as possible by extending your wrists without 
moving your elbows or forearms.

3. Allow your wrists to slowly flex back to the starting position.
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Muscles Involved
Primary: Extensor carpi radialis longus, extensor carpi radialis brevis

Secondary: Extensor digitorum, extensor digiti minimi, extensor indicis

PREVENTIVE FOCUS
Strengthening the wrist extensors—as with the barbell 
wrist extension—helps to stabilize the wrist joint and 
reduce the risk of injuries, including grip-related inju-
ries that occur in sport and occupations that require 
repetitive grasping and gripping. Tennis is the most 
obvious example of a sport that would benefit from 
performing the barbell wrist extension. (As stated 
earlier, injury to the common extensor tendon is even 
termed tennis elbow.) Tennis involves two motions 
that require the wrist extensors to properly function: 
repeated gripping and resisted wrist extension. A 
strong correlation exists between grip strength and 
wrist extensor strength. Further, when hitting—espe-
cially with a backhand stroke—the wrist extensors 
resist flexion of the wrist to keep the wrist stable. 
By strengthening the wrist extensors, the risk of 
injury to the common extensor tendon at the 
lateral epicondyle lessens.

VARIATION

Standing Dumbbell Wrist Extension
Stand with your feet shoulder-width apart 
and grasp a dumbbell in each hand with a 
closed, pronated grip, elbows and forearms at your sides. Raise each dumbbell 
up as far as possible by extending your wrists without moving the elbows or 
forearms. Allow your wrists to slowly flex back to the starting position.



60 SPORT INJURY PREVENTION ANATOMY

E
L

B
O

W
, 

W
R

IS
T

, 
A

N
D

 H
A

N
D

BARBELL WRIST FLEXION

Execution

1. Sit on a bench with your feet flat on floor and grasp a bar with a closed, 
supinated grip, hands hip-width apart. Rest your elbows and forearms 
on top of your thighs with your wrists and hands anterior to—or in 
front of—the knees.

2. Raise the bar up as far as possible by flexing your wrists without moving 
your elbows or forearms.

3. Allow your wrists to slowly extend back to the starting position.

Muscles Involved
Primary: Flexor carpi radialis, palmaris longus, flexor carpi ulnaris

Secondary: Flexor digitorum superficialis, flexor digitorum profundus, 
opponens digiti minimi, flexor digiti minimi brevis

E8398/Potach/Fig. 04.08a/686518/HR/R1

Flexor carpi radialis

Palmaris longus

Flexor carpi ulnaris
Flexor digitorum superficialis

Flexor digitorum profundus

Opponens digiti minimi

Flexor digiti minimi brevis
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PREVENTIVE FOCUS
Wrist injuries typically occur with 
repetitive strain. Loading these structures 
helps to improve their strength, thereby 
reducing the likelihood of wrist muscle strain 
or wrist sprain. Because these muscles attach near 
the medial joint line of the elbow, it can also help 
reduce the risk of UCL injury.

When pitching a baseball, the ball must be gripped 
and manipulated in a variety of ways to produce 
the different types of pitches (e.g., fastball, change 
up, slider). This variety of grips and movements 
requires proper strength of the wrist flexors. In 
addition, the activity occurs at rapid velocities 
and is performed repeatedly. The combination 
of all these factors increases the likelihood 
of wrist flexor injury. By strengthening 
these muscles, their tolerance for 
high-velocity, repetitive movements 
increases and the risk of injury 
decreases.

VARIATION

Wrist Roller
Fasten a weight to a dowel with a rope and allow the weight to hang down. 
Hold the dowel with a closed, pronated grip, hands 4 to 6 inches (10-15 cm) 
apart. With your arms at shoulder level, slowly roll the weight upward, curling 
your right hand over and down and then curling your left in the same way. 
Continue until the weight touches the dowel. Slowly reverse the motion and 
allow the weight to lower to the starting position.

E8398/Potach/F 04.8c/686521/revised/R1
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FOREARM SUPINATION AND 
PRONATION

Execution

1. Sit on a bench with your feet flat on the floor and grasp the middle 
(as shown) or the end of a dumbbell in your right hand with a closed, 
pronated grip, elbow flexed at 90 degrees. Rest your right elbow and 
forearm on top of your thigh with your wrist and hand anterior to—or 
in front of—the knees.

2. Turn the dumbbell up and over as far as possible by supinating your 
forearm without lifting your elbow or forearm.

3. Turn the dumbbell up and over as far as possible in the opposite direc-
tion by pronating your forearm without lifting your elbows or forearms.

4. Repeat with the left arm.

E8398/Potach/Fig. 04.09ai/686522/HR/R3
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Muscles Involved
Primary: Biceps brachii, supinator, pronator teres

Secondary: Pronator quadratus

PREVENTIVE FOCUS
Many sports require a “turn of the wrist” 
(i.e., pronation or supination); this exer-
cise helps to strengthen the muscles 
involved in such wrist movement as 
well as reduce the risk of UCL and 
wrist injuries.

The importance of wrist extension 
strength for tennis was discussed 
earlier in this chapter, but pronation 
also becomes important, especially when 
attempting to shape the shot. Although a 
forehand ground stroke does not inherently 
involve a lot of pronation, when the tennis 
player attempts to add topspin to the shot, 
the pronators become more involved. 
By strengthening these muscles, the 
tennis player is able to improve per-
formance while also reducing injury 
risk.

VARIATION

Forearm Supination and Pronation With Bat
Exchanging the dumbbell for a longer object—such as a bat—increases the 
resistance arm, thereby increasing the challenge and intensity of the exercise.
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The spine and trunk are among the most commonly injured regions in both 
sport and daily life. Injuries to this region can be debilitating, with the potential 
to become chronic impediments to function. Reducing the risk of injuries to 
this area can appear daunting at first, but through a thoughtful examination 
of its structures, a blueprint for risk reduction emerges. Discussion of this 
region will be divided into the spine, including the vertebral column and 
the muscles and structures directly involved in its function, and the trunk, 
which comprises the other structures (primarily muscles) that help support 
the spine’s movements.

SPINE
The function of the spine is to protect the spinal cord—a collection of nerves 
and pathways that carry signals between the brain and the rest of the body. 
The spine is made up of bones—vertebrae—and muscles and is traditionally 
divided into five sections—the cervical, thoracic, lumbar, sacral, and coccy-
geal (see figure 5.1)—each of which serves a unique function. The bones, 
most of which are separated by intervertebral discs, articulate with each other 
via facet joints and have openings between them that allow branches of the 
spinal cord to travel to different parts of the body as peripheral nerves. Each 
vertebra also has a posteriorly positioned spinous process, which offers some 
protection but primarily acts as an attachment point for muscles.

• Cervical. The top seven vertebrae in the spine, C1 to C7, connect to the 
base of the skull and are responsible for movement and normal functioning 
of the neck. The top two vertebrae—C1 and C2, commonly referred to as 
the atlas and axis—each have a unique structure, allowing for an articulating 
connection between the skull and the spine. Cervical injuries were detailed 
in chapter 3.

• Thoracic. The next 12 vertebrae, T1 to T12, serve as attachment points 
for the ribs.

• Lumbar. The lumbar vertebrae, L1 to L5 (also referred to as the low back), 
comprise the largest weightbearing area of the spine. This section of the spine 
is the most commonly injured and will be an area of focus for this chapter.

5
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• Sacrum. The next five vertebrae, S1 to S5, provide the attachment between 
the spine and pelvis—the sacroiliac (SI) joint. All five of these vertebrae are 
fused together, with no discs between them, and the SI joint is stabilized by 
a collection of very stout ligaments. Although some movement occurs here, 
it is minimal; however, it can be a common location of pain.

• Coccyx. The lowest four vertebrae make up the coccyx; like the sacrum, 
these vertebrae are fused together. Injuries to this area of the spine are most 
commonly caused by falls.

Ligaments help to connect each vertebra to the next and therefore provide 
a significant amount of stability. When viewed from the side, the cervical and 
lumbar sections of the spine have lordotic curves, and the thoracic spine has 
a kyphotic curve (see figure 5.1). These spinal curves provide stability to help 

E8398/Potach/F 05.01/686525/pulled/R1

Cervical vertebrae
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FIGURE 5.1 Anatomy of the spine.
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maintain balance while upright and support the weight of the head and upper 
body. Except in the fused sacrum and coccyx, intervertebral discs separate 
the vertebrae. These discs help to provide spacing for the peripheral nerves, 
as well as providing some cushioning. They allow the spine to bend and twist 
naturally. Each disc has two separate areas: The annulus fibrosus, comprised 
of tough collagen fibers, encircles the softer interior nucleus pulposus.

In addition to the ligaments and discs, the vertebral column is surrounded 
by muscles that stabilize and move the body. These muscles can be divided 
into superficial, intermediate, and deep muscles (see figure 5.2).

The superficial layer includes the splenius muscles—divided into cranial 
and cervical portions—which originate from the lower half of ligamentum 
nuchae, the lateral aspect of mastoid process, and the lateral third of the 
superior nuchal line (of the occipital bone of the skull). These muscles insert 
on the spinous processes of the upper six thoracic vertebrae (T1-T6) and the 
transverse processes of the upper four cervical vertebrae (C1-C4). When acting 
on one side only (i.e., unilaterally), they produce lateral flexion (commonly 
referred to as side bending) and rotation of the head and neck to the same 
side; when acting on both sides (i.e., bilaterally), they produce extension of 
the head and neck.

The intermediate layer is made up of the erector spinae muscles. This mas-
sive muscle group forms a bulge on either side of the vertebral column and is 
arranged in three vertical columns: iliocostalis (lateral column), longissimus 
(intermediate column), and spinalis (medial column). All erector spinae muscles 

FIGURE 5.2 (a) Superficial and (b) intermediate and deep muscle layers of the spine.
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originate from the common erector spinae origin (a broad tendon attached 
to the posterior part of the iliac crest, the posterior sacrum, and the spinous 
processes of the sacrum and inferior lumbar spine) and insert throughout 
the lumbar, thoracic, and cervical spinous and transverse processes and the 
proximal region of the ribs. Acting bilaterally, erector spinae extends the head 
and part or all of the vertebral column; acting unilaterally, lateral flexion (side 
bending) of the head or vertebral column results.

The three deep muscles of the back are semispinalis, multifidus, and 
rotatores. In addition to movement and stability, these muscles stabilize the 
vertebral column and also help with balance and proprioception. These indi-
vidual muscles originate on the transverse process of one vertebra and insert 
on the spinous process of a vertebra (or skull) one to two (rotatores), two to 
four (multifidus), or four to six (semispinalis) segments above the origin level.

The two most common types of back injuries involve either the muscles or 
intervertebral discs. Though fractures and ligamentous injuries do occur, they 
do not happen as often and may not be avoided through injury prevention 
exercises.

Lumbosacral Muscle Strain
Lumbosacral muscle strain—an injury of the paraspinal muscles in the low 
back—is one of the most common injuries to the low back (Will et al. 2018). 
As discussed in chapter 1, a strain is technically a tear of the muscle, graded 
as I, II, or III, depending on the degree of tearing, with the majority of lum-
bosacral muscle strains being microtears. These can be traumatic, but they 
can occur with gradual onset as well. The strain can result in pain and spasm, 
specifically in the involved muscles, although they can be diffused over a 
larger area as well. These symptoms tend to worsen with standing, lifting, 
and twisting motions. Despite common belief, there is limited evidence to 
suggest poor posture and improper lifting mechanics contribute to the risk 
of lumbosacral muscle strain.

Lumbar Disc Herniation
Lumbar disc herniation is a movement of disc material beyond its usual 
intervertebral disc space. This herniation process begins from failure in the 
ringed fibers of the annulus fibrosis, which causes an outward movement or 
bulging (typically in a posterolateral direction). When the bulge progresses to 
a great enough degree, the nucleus pulposus can push through the annular 
fibers; this is the herniation. Like lumbosacral muscle strains, lumbar disc 
herniations may develop traumatically or with gradual onset. The pain caused 
by disc herniation is likely a combination of nerve compression by the bulging 
disc and a local increase in inflammatory agents. Activity-related risk factors 
for disc injury are also not well understood at this time.
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TRUNK
The trunk—also termed the abdominal wall—serves four primary functions:

• It protects the abdominal organs (e.g., liver).

• It is a repository for fat, especially for males.

• It aids in respiration.

• Its muscles produce movements of the vertebral column.

The surface anatomy of the trunk is unique and has three fibrous bands. 
The linea alba is a median fibrous white line or band joining the xiphoid 
process (of the sternum) to the pubic symphysis (joint between halves of the 
pelvis) and divides the anterior abdominal wall into right and left halves. 
This is seen on the surface of the abdomen as a vertical skin groove. The 
linea semilunaris is a curved line that extends from the ninth costal cartilage 
to near the pubic symphysis and both indicates the lateral border of rectus 
abdominis and separates rectus abdominis from external oblique muscles 
(see figure 5.3). The linea semilunaris is indicated by convex grooves 2 to 4 
inches on either side of the linea alba. Tendinous inscriptions are horizontal 
lines on rectus abdominis.

FIGURE 5.3 Abdominal and trunk muscles.
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There are five muscles of the trunk: rectus abdominis, external oblique, 
internal oblique, transversus abdominis, and quadratus lumborum. Because 
of its role in spinal flexion and extension, erector spinae can be considered 
a trunk muscle as well.

• Rectus abdominis. This muscle originates on the pubic symphysis and the 
pubic crest and inserts on the xiphoid process (of the sternum) and costal car-
tilages 5 to 7. It flexes the trunk and is the primary flexor of lumbar vertebrae.

• External oblique. This muscle originates on the outer surfaces of ribs 5 to 
12 (lower 8) and blends (interdigitates) with the serratus anterior insertion 
and the latissimus dorsi origin. External oblique inserts on the linea alba, the 
pubic tubercle, and the anterior half of the iliac crest. When acting bilaterally, 
it helps with flexion of the trunk; flexion and rotation of the trunk to the 
opposite side occur when they are acting separately. An easy way to remember 
the direction its muscle fibers are oriented is that the angle is similar to the 
direction one’s fingers would be when inserting a hand into a front pocket.

• Internal oblique. Internal oblique is deep to external oblique and originates 
from the anterior two-thirds of the iliac crest and the lateral half of the inguinal 
ligament. It inserts on the inferior borders of ribs 10 to 12, the linea alba, and 
the pubis. Like external oblique, when these muscles act bilaterally, it helps 
with flexion of the trunk. When acting unilaterally, however, its actions are 
the opposite of external oblique; that is, they produce flexion and rotation of 
the trunk to the same side. Interestingly, internal oblique can produce flexion 
and rotation of the trunk to the opposite side when acting separately and 
with a fixed thorax.

• Transversus abdominis. The deepest of the abdominal muscles, transversus 
abdominis originates from the internal surfaces of costal cartilages 7 to 12 
(lower six), the iliac crest, and the lateral third of inguinal ligament. It inserts 
on the linea alba (with internal oblique) and the pubic crest. Although it does 
assist with stabilization of the trunk, its primary role is compression and sup-
port of abdominal organs.
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• Quadratus lumborum. This deep muscle originates from the inferior border 
of the 12th rib and the transverse processes of lumbar vertebrae; it inserts on 
the iliolumbar ligament and iliac crest. Quadratus lumborum helps to extend 
the vertebral column and its actions produce lateral flexion of vertebral column.

Injuries to the trunk generally involve the muscles to various degrees. The 
following two injuries described involve muscles either at one of their bony 
attachments or in the muscle belly itself.

Athletic Pubalgia
Athletic pubalgia, core muscle injury, or as it is often called, “sports hernia”, 
is a strain or tear of any soft tissue in the lower abdomen or groin. The mus-
cles most frequently affected by athletic pubalgia are the oblique muscles 
in the lower abdomen and the adductors of the thigh, primarily the muscle 
attachments to the pubic bone. Sporting activities that involve twisting under 
load can cause a tear in the soft tissue of the lower abdomen or groin. Ath-
letic pubalgia occurs mainly in vigorous sports requiring rapid changes of 
direction, like football, soccer, and ice hockey. This injury usually results in 
pain in the groin area at the time of the injury. It can improve with rest, but 
often returns with a resumption of sporting activity, especially with twisting 
movements. Despite commonly being termed sports hernia, athletic pubalgia 
does not cause a visible bulge in the groin, like the more common inguinal 
hernia does.

Hip Pointer
A hip pointer is a deep bruise to the iliac crest, often due to a direct blow or 
fall, especially during contact sports (e.g., football, ice hockey) or those that 
involve falling on the side (e.g., volleyball, skateboarding). Those with a hip 
pointer typically describe pain and tenderness over the affected area. Recov-
ery from the injury usually involves taking a break from activity until it heals.
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DEADLIFT

Execution

1. Stand with your feet flat on the floor shoulder- to hip-width apart and 
your toes pointed slightly outward.

2. Squat down and grasp the bar with a closed, pronated grip, hands 
shoulder-width apart.

3. Note: At this bottom position, your hips should be lower than your shoul-
ders, the barbell should be approximately 1 inch (3 cm) in front of your 
shins, and your back should be flat with your chest held up and out.

4. Maintain a flat-back back position and keep your elbows straight as 
you lift the bar off the floor. Extend your hips and knees to produce 
this motion until you are standing straight up and down. Do not allow 
your hips to rise faster than your shoulders.

5. Still maintaining the flat-back back position, slowly lower the bar to 
floor by flexing your hips and knees.

E8398/Potach/Fig. 05.04a/686528/HR/R3
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Muscles Involved
Primary: Gluteus maximus, hamstrings (semitendinosus, semimembra-
nosus, biceps femoris), quadriceps (rectus femoris, vastus lateralis, vastus 
medialis, vastus intermedius)

Secondary: Hip abductors, hip adductors (adductor longus, adductor 
magnus, adductor brevis), erector spinae (iliocostalis, longissimus, spinalis), 
rectus abdominis, external and internal obliques, transverse abdominis

PREVENTIVE FOCUS
The deadlift involves the use of all trunk and thigh muscles and, to be per-
formed correctly, requires proper lower body and trunk alignment. Because 
of these factors, the deadlift is an excellent exercise to reduce the risk of spine 
and trunk injuries.

Most sporting activities benefit from incorporating the deadlift in an injury 
prevention program. Football linemen and cheerleading bases are two good 
examples of athletes who would derive particular benefit from the deadlift. 
The lineman must rise from a semisquat position against resistance, whereas 
the cheerleading base must support a fellow cheerleader. Strong muscles and 
good alignment reduce the risk of injury while performing these activities.

E8398/Potach/05.04b/686529/JenG/R2
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SIDE PLANK

Execution

1. Lie on the floor on your right side, with your right elbow beneath your 
right shoulder and right forearm perpendicular to your body.

2. Place your left foot on top of (or in front of) your right foot, rest your 
left hand on your hip, and hold your head in a neutral position, eyes 
focused forward.

3. Elevate your hips off the floor so the right ankle, knee, hip, and shoulder 
are in a straight line.

4. Isometrically hold the torso in a rigid position with your right elbow 
directly under your right shoulder, keeping your head in a neutral 
position.

Muscles Involved
Primary: External and internal obliques, gluteus medius, gluteus minimus

Secondary: Quadratus lumborum, erector spinae (iliocostalis, longissimus, 
spinalis)

E8398/Potach/F 05.05a/686531/revised/R2
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PREVENTIVE FOCUS
Increasing the strength of the spine and trunk muscles 
reduces the risk of injury for sports requiring a stable spine, 
such as gymnastics. Gymnasts are required to resist lateral 
spine and trunk deviation while performing a wide variety 
of skills and holding different body positions, making the 
side plank an excellent exercise to both improve perfor-
mance and reduce the risk of injury.

By increasing activation of the highlighted muscles, 
the side plank increases spinal stability and hip abductor 
strength. which has been shown to decrease injuries to those 
areas (Moffroid et al. 1993). Though the hip is more fully 
covered in chapter 6, it is important to mention the role of 
the side plank and hip abductor strength here. Several sports 
rely on the strength of this muscle to reduce injury risk. One 
such example is running: Every time a runner’s foot hits the 
surface, the hip abductors must work eccentrically to resist 
hip adduction. By performing the side plank, runners can 
decrease the risk of hip and other lower extremity injuries.

VARIATION

Side Plank With Hip Abduction
Perform the side plank as described. When your hips are 
off the floor and your body is in a straight position, abduct the top lower 
extremity off the bottom lower extremity for the specified number of repeti-
tions. Because the top lower extremity is no longer able to assist, this variation 
further challenges the hip abductors and trunk muscles.

E8398/Potach/F 05.05b/686532/revised/R1

Obscured at angle: quadratus lumborum, 
erector spinae (iliocostalis, longissimus, spinalis)

E8398/Potach/Fig. 05.05c/686533/HR/R2



76 SPORT INJURY PREVENTION ANATOMY

S
P

IN
E

 A
N

D
 T

R
U

N
K

HALF-KNEELING PNF CHOP

Execution

1. Position yourself perpendicular to a cable machine and kneel on your 
outside leg with both knees bent at 90 degrees.

2. With a rope, handle, or bar, grab the weight from above with both 
hands and pull it down and across the body in a diagonal motion, from 
above the shoulder to the opposite hip, keeping the elbows extended.

3. Slowly return to the starting position.

Muscles Involved
Primary: Internal and external obliques, gluteus maximus

Secondary: Erector spinae (iliocostalis, longissimus, spinalis), rectus 
abdominis, quadratus lumborum

E8398/Potach/F 05.06a/686534/revised/R2
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PREVENTIVE FOCUS
The half-kneeling PNF chop simulates the rotation movement that occurs in 
many sports, such as changing direction in football or soccer or defending 
in basketball. But one activity that especially benefits from this exercise is 
hitting a ball in baseball or softball. Hitting is a strong, rapid movement that 
requires the player to generate a significant amount of force and then just 
as quickly decelerate the motion caused from that force. Strengthening the 
muscles involved in this motion described helps to prepare them for activity 
and protect them from injury.

E8398/Potach/F 05.06b/686537/revised/R2
VARIATION

PNF Medicine Ball Chop
There are several variations of the half-kneeling PNF chop. This one is more 
ballistic and uses a medicine ball instead of a cable for resistance. To per-
form, assume the same half-kneeling position, but with the medicine ball held 
overhead. Bring your arms down and across toward your opposite hip and 
slam the ball into the floor.
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STANDING PNF LIFT
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Execution

1. Stand perpendicular to a cable machine.

2. With a rope, handle, or bar, grab the weight from below with both hands 
and pull it up and across the body in a diagonal motion, from near 
the hip to above the opposite shoulder, keeping the elbows extended.

3. Slowly return to the starting position.

Muscles Involved
Primary: Internal and external obliques, gluteus maximus

Secondary: Erector spinae (iliocostalis, longissimus, spinalis), rectus 
abdominis, quadratus lumborum

PREVENTIVE FOCUS
Like the diagonal PNF chop, the standing PNF lift simulates the rotation that 
occurs in many sports, like hitting a tennis ball with a backhand stroke. 
Although commonly considered an upper extremity motion, the tennis 
backhand also involves muscles from the lower extremities and the trunk. If 
the focus is on the upper extremities only, the risk of spine or trunk injuries 
increases. By performing exercises that strengthen all the muscles required 
for tennis, the risk of those injuries decreases.

E8398/Potach/F 05.07b/686541/revised/R1
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REVERSE HYPEREXTENSION

Execution

1. With your knees extended, assume a prone position on a table, hyper-
extension machine, or glute ham raise machine.

2. Hold onto the table with bilateral hands.

3. Keep the bilateral lower extremities together and lift at the same time 
until aligned with the trunk; avoid hyperextension of the lumbar spine.

4. Slowly lower to the starting position.

Muscles Involved
Primary: Erector spinae (iliocostalis, longissimus, spinalis), gluteus max-
imus

Secondary: Hamstrings (semitendinosus, semimembranosus, biceps fem-
oris)
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Biceps femoris
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E8398/Potach/F 05.08a/686542/revised/R1



81SPINE AND TRUNK

S
P

IN
E

 A
N

D
 T

R
U

N
K

PREVENTIVE FOCUS
Strengthening the muscles of the back allows them to better stabilize the spine 
during sporting activity. This stability does not require the spine to not move, 
but rather for motion to occur in a relatively controlled manner. Swimmers 
are athletes that benefit from an exercise like the reverse hyperextension, 
especially when performing the freestyle and butterfly strokes. During these 
strokes, the spine extends and flexes (in addition to side bending and rota-
tion). By strengthening the erector spinae muscles, they are better prepared 
for those motions, and the risk of spine and trunk injuries is thereby reduced.

E8398/Potach/F 05.08b/686543/revised/R1

VARIATION

Medicine Ball Overhead Toss
This exercise variation simulates the explosiveness of many sports. Assume 
a comfortable, upright stance with your feet shoulder-width apart and hold 
a medicine ball at hip level. Lower the ball toward the floor and, using both 
arms, throw the ball up, back, and overhead to a partner.
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MEDICINE BALL SIDE TOSS

Execution

1. Standing perpendicular to a wall approximately 6 feet (1.8 m) away, 
assume a comfortable, upright stance with feet shoulder-width apart, 
and hold a medicine ball at hip level.

2. Keeping your feet planted, turn your upper body away from the wall 
and throw the ball toward the wall using both arms.

3. Catch the ball as it rebounds and immediately repeat the throw.

Muscles Involved
Primary: Internal and external obliques, gluteus maximus

Secondary: Erector spinae (iliocostalis, longissimus, spinalis), rectus 
abdominis, quadratus lumborum

E8398/Potach/Fig. 05.09aii/686546/HR/R2
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PREVENTIVE FOCUS
Strengthening the muscles that produce spine and trunk rotation helps to pre-
pare these muscles for sporting activity. Like the half-kneeling PNF chop and 
standing PNF lift exercises, the side medicine ball toss simulates the rotation 
that occurs in many sports, like hitting a tennis ball or throwing a baseball or 
softball. Another example is the movement required by a football cornerback, 
who must backpedal and explosively turn and cover a receiver. The medicine 
ball side toss is an excellent exercise to prepare for this type of motion.

E8398/Potach/05.09b/686547/JenG/R2

VARIATION

Shuffle to Side Toss
Begin this variation as with the medicine ball side toss; however, start the 
movement by shuffling two to three steps away from the wall. Plant the out-
side foot and throw the medicine ball into the wall, using both arms. The ball 
will likely drop to the floor; pick it up and repeat.

Note: Though not described in this chapter, two exercises require special 
mention: the Romanian deadlift (RDL) and Copenhagen hip adduction hold, 
both presented in chapter 7. Traditionally considered a hamstring exercise, 
the RDL also reduces the risk of low-back injuries. To properly perform this 
exercise, the athlete uses a mostly isometric contraction to target and overload 
the back extensors.

The Copenhagen hip adduction hold is an exercise used to reduce the risk 
of groin—or hip adductor muscle—injuries. This includes athletic pubalgia 
(as described in this chapter, athletic pubalgia can involve the hip adductor 
muscles).
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The hip is the joint between the pelvis and femur. The health and integrity 
of the hip joint is important for its own sake, but there is ample evidence 
that when the hip functions properly, other joints (specifically the knee and 
back) are better able to function as well. This chapter will review the relevant 
anatomy of the hip, its common injuries, and exercises to reduce the risk of 
those injuries.

The hip is a ball-and-socket joint that allows several degrees of movement. 
The combination of its bony structure and surrounding soft tissues results in 
a relatively stable joint with little required muscle activation.

The bones that make up the hip joint are the pelvis and the femur (see figure 
6.1). The head of the femur (the ball) fits into the acetabulum (the socket). 
The acetabulum faces both anteriorly and laterally; the degree of forward or 
side orientation may predispose some to injury. The pelvis is formed by the 
ilium, ischium, and pubis bones. Like other joints, the articular surfaces of the 
pelvis and femur are covered with cartilage, but there is also a rim of cartilage 
that surrounds much of the socket. This rim is the acetabular labrum and is 
analogous to the glenoid labrum of the shoulder. Like its counterpart in the 
shoulder, the hip labrum can be torn or detached. Three primary ligaments join 
to form a capsule that surrounds the joint to provide further passive stability.

There are several muscles that surround the hip to both produce movement 
and to provide some additional stability. The muscles can be divided into 
posterior, anterior, and medial groups. Some of these muscles, including all 
of the medial muscles, are covered in chapter 7, when we discuss the thigh. 
Here, we take a closer look at the posterior and anterior muscles of the hip.

6
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POSTERIOR HIP MUSCLES
The posterior hip muscles can be divided into the larger, more superficial 
gluteals, and the deeper group of smaller muscles that are primarily respon-
sible for lateral rotation of the thigh (see figure 6.2):

• Gluteus maximus. This is one of the strongest muscles in the body. When 
standing, gluteus maximus covers the ischial tuberosity; while seated (during 
hip flexion), the inferior border of the muscle slides superiorly, leaving the 
ischial tuberosity as a more superficial structure. The muscle originates from 
the iliac crest, sacrum, coccyx, and the sacrotuberous ligament. It inserts on 
the iliotibial band (IT band) and the gluteal tuberosity of the femur. Gluteus 
maximus is a powerful extender of the thigh at the hip joint; although it exter-
nally rotates the thigh as well, its main function is to bring the thigh from a 
flexed position into line with the body (e.g., when climbing stairs).

• Gluteus medius. This muscle is also on the posterior aspect of the hip. 
It is deep to gluteus maximus and has its origin on the external surface of 
the ilium, between anterior and posterior gluteal lines. It inserts on the lat-
eral surface of the greater trochanter of the femur. Gluteus medius has three 
sections, which gives it the ability to perform multiple actions. This muscle 
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FIGURE 6.1 Anatomy of the hip.
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abducts the thigh and performs both internal rotation (anterior portion) and 
external rotation (posterior portion) of the femur at the hip joint. It also helps 
to steady the pelvis when bearing weight on the same side (i.e., prevents the 
opposite side from dropping). In addition, gluteus medius helps to control 
inward (valgus) movement of the knee by limiting hip adduction and internal 
rotation when standing.

• Gluteus minimus. This is the deepest and smallest of the gluteal muscles. It 
originates from the external surface of the ilium, between anterior and inferior 
gluteal lines, and inserts on the anterior surface of the greater trochanter of 
the femur. It assists gluteus medius with abduction and internal rotation of 
the thigh at the hip joint.

• Deep lateral rotators. These six muscles are piriformis, obturator internus, 
superior gemellus, inferior gemellus, quadratus femoris, and obturator externus 
(although this muscle is anterior in position, it is functionally included with 
the lateral rotators). These muscles are commonly grouped because they have 
the same primary action and they generally function together. All six of these 
muscles have origins on the pelvis and insert on the greater trochanter. As 
their name indicates, they are responsible for laterally—or externally—rotating 
the thigh at the hip joint.

E8398/Potash/Fig 06.02/686557/revised/R2 
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FIGURE 6.2 Posterior hip muscles.
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ANTERIOR HIP MUSCLES
The anterior hip muscles have one primary purpose: to flex the thigh at the 
hip. Most are distinct structures, but some join together or insert with other 
muscles at common locations (see figure 6.3).

• Iliopsoas. Iliopsoas is made up of two muscles with unique origins that join 
at the same insertion point and perform same actions. Its primary function is 
flexion of the thigh at the hip joint, but it also provides some stability to the 
hip joint and can flex the trunk.

 ❯ Psoas major. This muscle originates on the sides of T12 to L5 verte-
brae and intervertebral discs between them, and it inserts on the 
lesser trochanter of the femur.

 ❯ Iliacus. Originating on the iliac crest, iliac fossa, and anterior sacro-
iliac ligaments, iliacus inserts with psoas major on the lesser tro-
chanter.

• Tensor fasciae latae. This small muscle originates on the anterior superior 
iliac spine (ASIS) and part of iliac crest; it inserts on the iliotibial (IT) band. This 
muscle assists with flexion, abduction, and medial rotation of the thigh at the 
hip joint, but it also has the unique action of tensioning the IT band and fasciae 
latae (a band of connective tissue that surrounds the thigh muscles), which 
enables the thigh muscles to act with increased force. Interestingly, because 
gluteus maximus also inserts on the IT band, tensor fasciae latae allows the 
gluteus maximus to assist in keeping the knee joint in the extended position.

• Sartorius. So named because of its unique pathway (sartorius crosses the 
thigh in the tailor’s squatting position), this muscle originates primarily on the 
ASIS and inserts on the superior part of notch inferior to it (the notch formed 
by the ASIS and the anterior inferior iliac spine) and inserts on the superior 
part of medial surface of tibia. This insertion point—common with gracilis and 
semitendinosus—is referred to as the pes anserinus (mentioned in chapter 7).

ILIOTIBIAL BAND
One other structure must be mentioned as it is implicated in many injuries, 
the IT band. The IT band is a thick, fibrous tissue of fascia that runs distally 
from the iliac crest on the pelvis and has several insertions on the lateral 
proximal tibia (i.e., Gerdy’s Tubercle and others). The IT band stabilizes the 
hip, especially in the frontal plane, and also stores a great amount of energy 
when running (Hutchinson et al 2022). When this energy is stored, it is released 
which improves running economy.

Hip pain and injury is a common cause of dysfunction for athletes. In the 
past, most hip pain was assumed to be a muscle-related injury. Although muscle 
can be a source of pain, our knowledge and understanding of the hip has 
revealed many other injuries as well. Common injuries of the hip may occur 
to the bony structures, muscles, tendons, and ligaments. Each type of injury 
has a unique mechanism and will be covered in the paragraphs that follow.
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Femoroacetabular Impingement (FAI)
Femoroacetabular impingement (FAI) involves either extra bone growth along 
the femoral head, atypical orientation of the acetabulum (the cup of the hip), 
or a combination of the two. This results in an irregular interface to the joint, 
which may result in the bones rubbing against each other during movement. 
Eventually, this contact may cause irritation or damage to the structures in 
the hip, causing pain and limiting activity. There are three types of FAI: 
pincer, cam, and combined. Pincer occurs because of a more downward or 
lateral orientation of the acetabulum, resulting in the bone of the anterior 
wall extending out over the typical rim location of the acetabulum. Cam 
occurs when additional bone grows out of the anterior junction of the femur, 
resulting in increased anterior joint compression during flexion and internal 
rotation of the hip. Combined impingement means that both the pincer and 
cam types are present. The cause of FAI morphology is unknown at this time 
and likely includes both hereditary and environmental factors. The presence of 
FAI without pain or dysfunction should be considered a normal presentation, 
specifically in athletes who present with a higher incidence. When painful, 
the pain primarily occurs in the front of the hip joint and down through the 
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FIGURE 6.3 Anterior hip muscles.
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groin area. Turning, twisting, and deep squatting motions may increase the 
athlete’s pain when symptomatic.

Greater Trochanteric Pain Syndrome
Greater trochanteric pain syndrome—sometimes 
referred to as trochanteric bursitis or gluteal tendinopathy—
results from degenerative changes affecting the gluteal 
tendons and bursa. Bursae are small, fluid-filled sacs 
that often lie under (deep to) tendons to reduce fric-
tion. Athletes will report pain over the outside (lat-
eral) aspect of the hip region that increases with 
impact-related activity like running, jumping, and 
landing. Those with weak hip abductors tend to 
experience greater hip adduction during activity, 
although it is unknown if this results in or is the 
result of pain. This increased adduction can result 
in compression of the gluteus medius and gluteus 
minimis tendons at the greater trochanter, which 
may add to the irritation of those tendons. Fur-
ther, when hip adduction increases, the IT band 
can likewise exert greater compressive forces on 
the gluteal tendons. In sports, this increased hip 
adduction is often seen by a pelvic drop on the 
opposite side (see figure 6.4).

FIGURE 6.4 An example of pelvic drop.
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Snapping Hip Syndrome
As its name indicates, snapping hip syndrome is a snapping sensation that 
can occur on the lateral, posterior, or anterior aspects of the hip. It typically 
occurs when forcefully lifting or swinging the lower extremity and involves 
the IT band or gluteus tendons sliding over the greater trochanter. Though 
not as common, posterior snapping involves one of the hamstring muscles 
rolling over the ischial tuberosity. Snapping at the anterior aspect of the hip 
can involve the iliopsoas tendon rolling over several structures—like bony 
prominences and even another part of the tendon—surrounding the hip, 
primarily near the front of the hip joint.

Hip Flexor Strain
There are several hip flexor muscles, but the most likely to become strained 
are the iliopsoas (iliacus and psoas major) and rectus femoris. This chapter 
will focus on iliopsoas strain; refer to chapter 7 for discussion of rectus fem-
oris strain. Although both chronic and acute hip flexor strain exist, chronic 
is the more common of the two. Chronic, overuse injuries may result from 
any activity requiring repetitive, forceful hip flexion, like kicking a ball or 
sprinting. Dancer’s hip and jumper’s hip are variations of hip flexor strain that 
typically occur with repetitive hip flexion in an externally rotated position. 
Strains to the iliopsoas may have associated tendon irritation and anterior 
snapping. Acute injuries typically follow forceful eccentric contraction of the 
muscles or brisk flexion against an external force (e.g., the playing surface or 
an opponent) that surpasses the capacity of the tendon.

IT Band Syndrome
IT band syndrome is an overuse injury and is common in runners and cyclists. 
The IT band has been implicated in snapping hip (discussed earlier) and as 
a friction-related injury. It has been proposed that the IT band rubs over the 
lateral femoral condyle causing friction which leads to pain. However, recent 
research indicates compression—not friction—actually occurs at this interface 
between the lateral femoral condyle and the IT band irritating the nerves deep 
to the IT band (Archbold and Mezzadri 2014; Fairclough et al. 2007). This 
is important as it is likely not caused from being too tight as is commonly 
thought (Fairclough et al. 2007; Hutchinson et al. 2022). However, the cause 
of IT band syndrome remains unclear.

FIGURE 6.4 An example of pelvic drop.
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SIDE-LYING HIP ABDUCTION

E8398/Potach/Fig. 06.05a/686560/JT/R2

Gluteus medius

Gluteus minimus

Tensor fasciae latae

Execution

1. Lie on your side with one lower extremity resting on top of the other 
and your feet pointed straight ahead.

2. Keeping your knees straight, point your top foot slightly downward, and 
lift your top lower extremity 6 to 8 inches (15-20 cm) without moving 
the foot forward.

3. Slowly lower to the starting position.

4. Note: The intensity of this exercise can be increased by adding a cuff 
weight or other external resistance to the top lower extremity.

Muscles Involved
Primary: Gluteus medius, gluteus minimus

Secondary: Tensor fasciae latae

PREVENTIVE FOCUS
Strengthening the hip abductors not only improves their strength and function, 
it also improves the function and reduces the risk of knee injury (Stearns-Rei-
der et al. 2021). Although the clamshell exercise is commonly used for this 
purpose, the side-lying hip abduction is more effective at recruiting the hip 
abductor muscles (Moore et al. 2020).

As briefly mentioned in chapter 5, the hip abductors play an important 
role in activities such as running by working to reduce hip adduction when 
the athlete’s foot strikes the ground. This is especially important in basketball 
because hip adduction leads to a dynamic valgus movement, a risk factor 
for knee injury—especially ACL tear, which is very common in basketball. 
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Although the strength of other muscles is important, strong hip abductors 
reduce the risk of ACL and other knee injuries by resisting the hip adduction 
portion of dynamic valgus movements.

E8398/Potach/Fig. 06.05c/686562/JT/R2

E8398/Potach/F 06.05b/686561/revised/R1
VARIATION

Wall Isometric Hip Abduction
As its name indicates, this exercise involves an isometric 
contraction of the hip abductors, but instead of just one 
side, both hip abductors are involved. To perform, stand 
to one side of a wall or door frame. Standing on one 
foot, flex the hip closest to the wall to 90 degrees and 
place the outside (lateral aspect) of the knee against 
the wall. From this position, push the outside of the 
knee into the wall; hold for a prescribed time and 
repeat on both sides. The abductors of the flexed 
hip are actively pushing the outside of the knee 
into the wall while the abductors of the other 
hip are isometrically active to maintain hip 
and pelvis alignment.
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MANUAL ECCENTRIC HIP  
ABDUCTION

Execution

1. Lie on your side with a partner kneeling behind.

2. Keeping your knee straight, lift the top lower extremity approximately 
12 inches (30 cm) above the bottom lower extremity.

3. Have your partner place one hand just above the knee of your top 
lower extremity and the other hand on your ankle and push the top leg 
down toward the bottom lower extremity. Resist this motion as much 
as you are able.

4. Once your top lower extremity touches your bottom lower extremity, 
raise it again and repeat the exercise.

Muscles Involved
Primary: Gluteus medius, gluteus minimus

Secondary: Tensor fasciae latae

PREVENTIVE FOCUS
As stated previously, strengthening the hip abductors—especially in an eccen-
tric manner—not only improves their strength and function, it also improves 
the function and reduces the risk of knee injury (Stearns-Reider et al. 2021), 
especially for athletes in sports involving running and those requiring decel-
eration with a single lower extremity. As discussed with running previously, 

E8398/Potach/Fig. 06.06aii/686563/JT/R2
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when the foot strikes the ground, the hip tends to adduct; 
the hip abductors act eccentrically to slow this motion 
and reduce this inward movement. One of the common 
mechanisms of IT band friction syndrome, a frequent injury 
among cross-country runners, is the hip adduction described 
here. An exercise like eccentric hip abduction decreases hip 
adduction and therefore reduces the risk of IT band friction 
syndrome.

Any athlete who must land on a single lower extremity, 
such as a ballet dancer, would also benefit from eccentric hip 
abduction. When landing from a leap, the dancer must stabilize 
the weightbearing lower extremity. As with cross-country 
running, the hip abductors act eccentrically to help 
provide this stability. Hip injuries are quite common 
in ballet; stronger hip abductors (the goal of this 
exercise) reduces the risk of these injuries.

VARIATIONS

Closed Chain Eccentric Hip 
Abduction
Another way to work on eccentric hip 
abduction is in a closed chain. To do this, 
stand on a step with your right foot while the 
left foot is off the step. Keeping your right knee straight, lower your left hip 
toward the floor, then lift up as high as you are able. The majority of the 
motion for this exercise should be coming from the hip, with a small degree 
coming from the spine. This exercise involves the hip abductors of the lower 
extremity standing on the step—in this case, the right side.

Resisted Side Step
A popular exercise to strengthen the hip abductors is a resisted side step, 
sometimes referred to as a monster walk. Start by standing with a resistance band 
around your ankles and your feet turned in. Keeping your knees extended, 
step to the right with your right foot, then slowly allow the left foot to step 
to the right, maintaining tension in the band throughout the exercise. Repeat 
for a given distance (e.g., 30 feet), then return to the starting position leading 
with the left foot.
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BENCH BRIDGE OR HIP THRUST

Execution

1. Sitting on a bench with both feet on the floor, hold a barbell across 
your waist with both hands.

2. Step your feet forward until only your shoulder blades are in contact 
with the bench, still keeping both feet on the floor.

3. Begin the exercise with your knees, hips, and shoulders in a straight line.

4. Keeping your shoulder blades on the bench, lower (flex) the hips toward 
the floor.

5. Lift your hips to return to the starting position.

Muscles Involved
Primary: Gluteus maximus

Secondary: Hamstrings (semitendinosus, semimembranosus, biceps fem-
oris), erector spinae (iliocostalis, longissimus, spinalis)

E8398/Potach/F 06.07a/686568/revised/R2
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PREVENTIVE FOCUS
Strengthening the hip extensors prepares these muscles for sporting motions, 
but doing so also helps to provide stability to both the hip and knee joints. 
Because the gluteus maximus externally rotates the thigh and inserts on the 
IT band, it helps to stabilize the knee during hip extension. Further, when the 
gluteus maximus provides hip extension, it does not need to rely as heavily 
upon the hamstrings to assist with this motion. Because hamstring use during 
the hip extension phase of sprinting has been implicated as a possible ham-
string injury mechanism, strengthening the gluteal muscles can reduce the 
risk of injury for sprinters.

E8398/Potach/F 06.07B/686569/revised/R1

VARIATION

Single-Leg Bench Bridge
One progression of the bench bridge is to perform the exercise with a single 
foot in contact with the floor. To do this, simply lift one foot off the floor 
and perform the exercise as previously described. This is a more challenging 
variation of the bench bridge and requires the muscles of the lower extremity 
in contact with the floor to control and produce the required movement. As 
with many exercises, adding increased external resistance, like a barbell or 
medicine ball, is yet another way to progress.
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FORWARD LUNGE

Execution

1. Place a barbell behind your head and across your shoulders and take 
one exaggerated step directly forward with one lower extremity, keeping 
your torso erect.

2. Plant the lead foot flat on the floor pointing straight ahead, allowing 
the trailing knee to slightly flex.

3. Once balance has shifted to be even on both feet, allow your lead hip 
and knee to slowly flex and your trailing knee to lower toward the floor. 
Your lead knee should be aligned with the second and third toes of the 
lead foot (which remains flat on the floor).

4. Lower your trailing knee—still slightly flexed—until it is 1 to 2 inches 
(3-5 cm) above the floor. At this point, your lead knee will be flexed to 
about 90 degrees, with the lower leg perpendicular to the floor (actual 
lunge depth depends primarily on individual hip joint flexibility).
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5. Balance your weight evenly between the ball of the trailing foot and 
the entire lead foot.

6. Shift your balance forward to the lead foot, and forcefully push off the 
floor to return to the starting position by extending your lead hip and 
knee, still maintaining the same torso position.

Muscles Involved
Primary: Gluteus maximus, hamstrings (semitendinosus, semimembra-
nosus, biceps femoris), quadriceps (rectus femoris, vastus lateralis, vastus 
medialis, vastus intermedius)

Secondary: Iliopsoas, gluteus medius, gluteus minimus

PREVENTIVE FOCUS
The forward lunge has many benefits: Not only are the identified muscles 
strengthened, but proper lower extremity (primarily knee) alignment is rein-
forced. The lunge is especially beneficial for athletes 
who rely on deceleration and quick direction changes, 
like soccer players. When approaching an opponent 
with the ball, an offensive player often plants a foot, 
pushes off that foot, and then changes direction. This 
sudden deceleration is the action most likely to lead to 
injury and may be performed more safely if decelera-
tion strength on a single lower extremity is a focus 
during training. The forward lunge is an excel-
lent introduction to that type of training.

VARIATION

Side Lunge
This exercise is performed with the same steps as the forward lunge, but to the 
side. Place a barbell behind your head and across your shoulders and perform 
an exaggerated step to the left with your left foot. With your foot pointing 
straight ahead, flex your left knee and 
lower your body to a comfortable depth. 
Maintain proper knee alignment (i.e., 
knee lined up with second and third 
toes). The trailing (right) knee remains 
extended during the side lunge. Forcefully 
push off and return the left foot to the 
starting position.

E8398/Potach/Fig. 06.08c/686573/revised/JT/R1
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SPLIT SQUAT JUMP

Execution

1. Stand in a split squat position with one lower extremity forward and 
the other behind your body. Both the hip and knee joints should be 
flexed to approximately 90 degrees.

2. Maintaining proper knee alignment with the lead lower extremity, squat 
down slightly and immediately jump up, using both arms to assist.

3. When landing, maintain the same split squat position and immediately 
repeat the jump. Focus on proper knee alignment and maximum jump 
height.

E8398/Potach/Fig. 06.09ai/686577/JT/R1
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Finish position.
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Muscles Involved
Primary: Gluteus maximus, hamstrings (semitendinosus, semimembra-
nosus, biceps femoris), quadriceps (rectus femoris, vastus lateralis, vastus 
medialis, vastus intermedius)

Secondary: Hip abductors, hip adductors (adductor longus, adductor 
magnus, adductor brevis), erector spinae (iliocostalis, longissimus, spinalis), 
rectus abdominis, external and internal obliques, transverse abdominis

PREVENTIVE FOCUS
The split squat jump is a good plyometric exercise to work on both explo-
siveness and knee alignment. The front lower extremity is challenged to avoid 
dynamic valgus movement and jumping from this squat position is challenging 
for the involved muscles, especially those on both the anterior and posterior 
aspects of the hips.

• Anterior. Though the activity of the front lower extremity is 
responsible for much of the work performed, the anterior aspect 
of the back lower extremity undergoes a stretch at the bottom 
position and assists in the jump. In addition, when preparing 
to land, the back lower extremity undergoes a rapid 
eccentric muscle contraction, which is similar to the 
movement in many sporting activities.

• Posterior. The front lower extremity is respon-
sible for the majority of the work performed during 
this exercise. In addition, at the bottom position, the 
muscles of the posterior hip are stretched maximally; these 
same muscles are then responsible for helping the athlete 
jump in the air. As with the anterior muscles, the posterior 
muscles undergo a rapid eccentric muscle contraction 
when landing.

Sprinting and soccer are two of the most common 
examples of sports that involve this rapid eccentric 
to concentric actions of the hip flexors. The split 
squat jump helps to replicate that rapid motion.

VARIATION

Cycled Split Squat Jump
The cycled split squat jump is very similar to the split squat jump and begins 
the same way, but while in the air, switch your front and back lower extrem-
ities so that upon landing, their positions are reversed. As with the split squat 
jump, sprinters and soccer players benefit from performing this exercise: Both 
sprinting as well as long passes and shots involve the hip flexors transitioning 
from eccentric to concentric contractions.
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THIGH
Although it is not defined by a specific joint or series of joints, the thigh—the 
area between the hip and knee—has unique, commonly injured structures 
that necessitate a detailed discussion (see figure 7.1). Most injuries to the thigh 
occur in the soft tissue, particularly the muscle. Although the bone of the 
thigh (femur) and nerves within the thigh can suffer injuries, these are much 
less common than injuries to the structures that surround them.

The muscles of the thigh are commonly divided into three compartments: 
anterior, posterior, and medial. Because there is a significant crossover of 
muscles between the thigh and the adjacent hip and knee joints, especially 
the hip, some muscles are covered in chapters 6 and 8.

7
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FIGURE 7.1 Anatomy of the thigh and upper leg.
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ANTERIOR THIGH
The anterior thigh has one large group of muscles (quadriceps femoris) as 
well as four others (psoas major, iliacus, tensor fasciae latae, and sartorius), 
which are covered in chapter 6 on hip injury prevention. Quadriceps femoris 
(referred to as simply quadriceps going forward), as its name indicates, is 
composed of four individual muscles: rectus femoris, vastus lateralis, vastus 
medialis, and vastus intermedius (see figure 7.2). As they join together, all 
four of these muscles have a common insertion: the patellar base and tibial 
tuberosity via the patellar tendon.

• Rectus femoris. This muscle originates from the anterior inferior iliac spine 
and works with the other quadriceps muscles to extend the leg at the knee 
joint. Because its origin is proximal to the hip joint and therefore crosses that 
joint, it assists the combined iliopsoas muscle with hip stabilization and flexion 
of the thigh at the hip joint. This is the only quadriceps muscle to perform 
these actions at the hip and is the only quadriceps muscle not to have a direct 
connection with the femur.

• Vastus lateralis. This muscle originates on the lateral aspect of the femur, 
specifically the greater trochanter and lateral lip of the linea aspera of the 
femur. It works with the other quadriceps muscles to extend the leg at the 
knee joint.

• Vastus medialis. This muscle also originates on the thigh, but as its name 
indicates, it originates on the medial aspect of the femur, specifically the 
intertrochanteric line and medial lip of the linea aspera of the femur. It works 
with the other quadriceps muscles to extend the leg at the knee joint.

• Vastus intermedius. The fourth quadriceps femoris muscle lies between 
vastus lateralis and vastus medialis and originates on the anterior and lateral 
surfaces of the femur. It works with the other quadriceps muscles to extend 
the leg at the knee joint.

As indicated, these muscles unite to form the quadriceps tendon, which 
attaches to the patellar base and surrounds the patella, then continues as the 
patellar tendon to attach to the tibial tuberosity. Of note, though the con-
nection between the patella and tibial tuberosity may be termed a ligament 
(because it connects two bones together), it is commonly referred to as a 
tendon. Functionally, ligaments stabilize joints and tendons help muscles pull 
on bones to produce motion. Because the quadriceps muscle force pulls on 
the tibial tuberosity to produce knee extension, it functions as a tendon, not 
a stabilizing ligament.

As mentioned previously, injuries to bones and nerves are possible, but 
most injuries that occur in the anterior aspect of the thigh are muscular in 
nature. These muscles are required to perform two primary jobs, deceleration 
and acceleration. These roles require rapid eccentric and concentric muscle 
actions, respectively.
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Quadriceps Strain
A quadriceps muscle strain usually follows an acute tearing of one or more of 
the quadriceps muscles and is common in sports requiring repeated sprinting, 
quick changes of direction, and frequent decelerations, like soccer and bas-
ketball. Though there are four muscles that constitute the quadriceps femoris 
complex, the three vastii muscles (vastus lateralis, vastus medialis, and vastus 
intermedius) are the ones affected here; rectus femoris will be covered in the 
next section. Quadriceps strain is similar to but must be differentiated from 
two other injuries to the anterior thigh:

• Muscle cramp is a micro spasm to the muscle belly.

• Muscle contusion is a deep bruise to the quadriceps muscles following 
a direct blow or trauma.

Though most quadriceps strains are acute in nature, overuse injuries can 
occur. Acute strains can occur following rapid movements like sprinting, kick-
ing, and changes of direction, whereas overuse injuries often follow activities 
involving repeated eccentric activity of the quadriceps, like running downhill.

Psoas major

Iliacus

E8398/Potach/F 07.02/686584/revised/R4

Tensor fasciae
latae

Sartorius

Rectus femoris

Vastus lateralis

Vastus medialis

Pectineus

Adductor longus

Adductor magnus

Sartorius

Gracilis

Iliopsoas

FIGURE 7.2 Anterior thigh muscles.
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Rectus Femoris Strain
Strain of the rectus femoris muscle is the tearing of those muscle fibers. Because 
of this muscle’s unique two-joint arrangement (it attaches above the hip on the 
anterior inferior iliac spine and below the knee on the tibial tuberosity) and actions 
(hip flexion and knee extension), the mechanism is similar to that of both quadri-
ceps strain and hip flexor strain—that is, the knee is flexed and hip is extended. 
Typically, athletes participating in sports that involve sprinting and kicking are 
more likely than others to strain this portion of the quadriceps muscle complex.

MEDIAL THIGH
The medial (inner) compartment of the thigh is made up of five muscles with 
similar functions: adduction of the thigh at the hip and stabilization during 
stance (see figure 7.2). A sixth medial thigh muscle, obturator externus, is 
addressed with the gluteal muscles in chapter 6. 

• Pectineus. This muscle originates from the pectineal line of the pubis, 
lateral to the pubic tubercle, and inserts on the pectineal line of the femur. 
It adducts the thigh at the hip joint and assists with flexion of the thigh, also 
at the hip joint.

• Adductor longus. This is the most anterior adductor muscle and originates 
from the body of the pubis, inferior to the pubic crest. It inserts on the middle 
third of linea aspera of the femur and adducts the thigh at the hip joint.

• Adductor brevis. This muscle lies deep to pectineus and adductor longus 
and anterior to adductor magnus. It originates on the body and inferior ramus 
of the pubis and inserts on the pectineal line and proximal part of the linea 
aspera of the femur. Although its main function is adduction of the thigh at 
the hip joint, it assists with flexion as well.

• Adductor magnus. The largest of the adductor muscles, adductor magnus 
has two portions, the adductor and hamstring parts. This muscle originates 
from the inferior ramus of the pubis and the ramus of the ischium (adductor 
part) and the ischial tuberosity (hamstring part). The adductor part inserts on 
the gluteal tuberosity, linea aspera, and supracondylar line of the femur; the 
hamstring part inserts on the adductor tubercle of the femur. Adductor magnus 
is responsible for adduction of the thigh, flexion of the thigh (adductor part), 
and extension of the thigh at the hip joint (hamstring part).

• Gracilis. This is the most superficial of the adductor muscles and therefore 
it is the most medial muscle of the thigh. It originates from the body and infe-
rior ramus of the pubis and inserts on the superior part of the medial surface 
of the tibia, along with two other muscles of the hip and thigh (sartorius and 
semitendinosus) join to form a common fanlike insertion into the tibia, pes 
anserinus. (Because of its appearance, it was thought to look like the foot of 
a goose, hence the name: pes = foot; anserinus = goose.) Gracilis adducts 
the thigh at the hip joint and, because it crosses the knee joint, assists with 
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flexion of the leg at the knee joint. Of all the adductor muscles, it generates 
the least amount of force. Because of this, gracilis can be removed without 
noticeable loss of function and is often used by surgeons as a graft to repair 
a damaged muscle or to reconstruct other structures, like the ACL.

Like the hamstring muscles, the adductor muscle group plays multiple roles 
in sporting activity. This combination of stability and assisting with changes 
of direction places the muscles at an increased risk of injury.

Adductor Strain
A strain of the hip adductors (colloquially referred to as groin pull or strain) 
produces pain when pressing on the hip adductor tendons and their insertion 
on the pubic bone. Typically, these injuries also result in pain with resisted 
hip adduction. This injury typically occurs during sports requiring twisting, 
sprinting, kicking, or changes of direction, like ice hockey, soccer, and football.

POSTERIOR THIGH
The three large muscles in the posterior compartment of the thigh, collectively 
termed the hamstring muscles, are the semitendinosus, semimembranosus, and 
biceps femoris (see figure 7.3). The hamstrings have a common origin at the 
ischial tuberosity and span both the hip and knee joints. Because of this, the 
hamstrings act at both joints (though not at the same time).

• Semitendinosus. This muscle inserts on the superior part of the medial 
surface of the tibia, the pes anserinus. Semitendinosus extends the thigh at 
the hip joint and flexes the leg at the knee joint. This hamstring muscle lies 
medially to biceps femoris and, along with biceps femoris, lies superficially 
(nearer the surface) to the other musculature of the posterior compartment.

• Semimembranosus. This hamstring muscle lies deep to both semitendinosus 
and biceps femoris and, like semitendinosus, lies in the medial half of the 
posterior compartment. It inserts on the posterior part of the medial condyle 
of the tibia and has the same action as semitendinosus (extension of the thigh 
at the hip joint and flexion of the leg at the knee joint).

• Biceps femoris. Although the primary actions of biceps femoris are the same 
as semitendinosus and semimembranosus, this hamstring muscle differs from 
the other two hamstrings in that it has two sections—or heads—and inserts 
on a different bone. The long head originates from the ischial tuberosity with 
the other hamstring muscles, whereas the short head originates from the femur 
(lateral lip of the linea aspera and the lateral supracondylar line). Both heads 
join to insert on the lateral side of the fibular head; this is different from the 
tibial insertion of the other hamstring muscles. Along with semitendinosus, 
the long head of biceps femoris lies superiorly to other musculature of the 
posterior compartment, and the short head of biceps femoris lies deep to both 
the long head of biceps femoris and semitendinosus; both heads lie laterally 
to semitendinosus.
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The anatomy and function of the hamstring muscles predispose them to 
injury. Being a two-joint muscle group requires the muscles to act at both 
the hip and knee joints. This can cause challenges of active or passive insuf-
ficiency—that is, the muscles become too short or too long (respectively) to 
generate force. In addition to the bony attachments, the hamstrings perform 
multiple roles, especially when running at high speeds. The hamstrings must 
slow the forward motion of the lower extremity through an eccentric muscle 
contraction and then immediately generate concentric force to rapidly move 
the lower extremity. This combination of unique architecture and dual function 
creates challenges that can lead to injury if not properly trained.

Hamstring Strain
Hamstring injuries are one of the most common noncontact injuries in sports 
like football, soccer, rugby, and sprinting (Brooks et al. 2006; Drezner et al. 2005; 
Ekstrand et al. 2010; Feeley et al. 2008). Like other muscle strains, hamstring 
muscle strains may be grade I, II, or III, depending on the degree of tearing. 
Of the three hamstring muscles, biceps femoris is the most commonly injured, 
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FIGURE 7.3 Posterior thigh muscles.
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with the musculotendinous junction and adjacent muscle fibers being the most 
common injury sites. The cause of hamstring strains is complex, and like many 
injuries, involves multiple factors. In the previously mentioned sports, hamstring 
injury rates range from 10 to 26 percent of all injuries sustained (Drezner et al. 
2005); further, recurrence rates are even higher—up to 32 percent (Heiser et al. 
1984). There are many risk factors for hamstring injury, but the most common 
are older age, previous hamstring injury, history of ACL injury, and previous 
calf strain injury (Green et al. 2020). Reduced hamstring strength is also related 
to an increase in the risk of hamstring injury (Freckleton et al. 2014; Goossens 
et al. 2015; Schuermans et al. 2016). Perhaps surprisingly, there is little—if 
any—research to support the notion that decreased hamstring flexibility is a 
risk factor for hamstring strain (Green et al. 2020).

Reducing the risk of hamstring injury has traditionally focused on several 
areas, including strength, flexibility, and endurance. In recent years, the 
focus has shifted to eccentric exercises (van Dyk et al. 2019), strengthening in 
lengthened positions (Marušič 2020), strengthening both hip- and knee-biased 
motions (Bourne et al. 2017), and sprinting (Higashihara et al. 2018; Mendi-
guchia et al. 2020). We advocate a combination of these approaches to most 
efficiently reduce the risk of hamstring injuries and an example of each focus 
is provided in this chapter.

Sprinting for Injury Prevention
Sprinting has recently been examined as an exercise mode to reduce injury 
risk (Prince et al. 2021). Sprinting is a key part of many sports and relies on 
significant hamstring contribution to perform most effectively. In other words, 
greater horizontal ground reaction force results in greater the sprinting speed. 
The hamstrings—specifically biceps femoris—significantly contribute to 
this increased horizontal ground reaction force. Sprinting also requires the 
hamstrings to be very active during swing and just prior to ground contact in 
order to decelerate the quickly advancing lower extremity. This combination of 
concentric (propulsion of mass) and eccentric (deceleration of lower extrem-
ity) forces is unique and, unless properly trained, may be lacking. One area 
of exploration has been fascicle length of biceps femoris. Fascicle length is 
basically the length of a group of muscle fibers. This is important as greater 
fascicle length has been associated with improved sprinting performance 
(Kumagai et al. 2000) and reduced risk of injury. Both the Nordic hamstring 
curl (found later in this chapter) and sprinting increase fascicle length of biceps 
femoris, though sprinting is able to do this in a moderately improved way. The 
fascicle length change and its importance in injury prevention is likely due to 
an improved force–length relationship of the hamstrings through an increase 
of in-series sarcomeres (Proske and Morgan 2001) and increases in tendon 
stiffness (Butterfield and Herzog 2005). Therefore, including sprinting in an 
injury prevention program is quite important (Morin 2015).
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BACK SQUAT

Execution

1. Step under the rack and place your hands on the barbell in a closed, 
pronated grip.

2. Holding your chest up and out, lift your elbows to create a shelf for the 
bar to rest across your back.

3. Extend your hips and knees to lift the bar off the rack, and take one 
or two steps backward, keeping your elbows lifted up to keep the bar 
on your shoulders.

4. Position your feet shoulder-width apart or wider with your toes slightly 
pointed outward.

5. Allow your hips and knees to slowly flex while keeping the torso-to-
floor angle constant.

6. Note: Maintain a flat-back position with your elbows high and your chest 
up and out. Keep your heels on the floor and your knees aligned with 
the second and third toes of the feet.

E8398/Potach/Fig. 07.04a/686586/revised/R3
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7. Continue allowing your hips and knees to flex until your thighs are 
parallel to the floor.

8. Extend your hips and knees, still keeping the torso-to-floor angle con-
stant.

9. Note: Continue to maintain a flat-back position with your elbows high 
and your chest up and out. Keep your heels on the floor and your knees 
aligned with the second and third toes of the foot.

10. Continue extending the hips and knees to reach the starting position.

11. After the set is completed, step forward and rack the bar.

Muscles Involved
Primary: Gluteus maximus, hamstrings (semitendinosus, semimembra-
nosus, biceps femoris), quadriceps (rectus femoris, vastus lateralis, vastus 
medialis, vastus intermedius)

Secondary: Hip abductors, hip adductors (adductor longus, adductor 
magnus, adductor brevis), erector spinae (iliocostalis, longissimus, spinalis), 
rectus abdominis, external and internal obliques, transverse abdominis

PREVENTIVE FOCUS
The back squat involves the use of all the thigh muscles and, to 
be performed correctly, requires proper lower body and trunk 
alignment. Improper alignment has been implicated in many 
injuries, including knee injuries (see chapter 8).

Because it requires the use of so many muscles and can 
help with deceleration, jumping, and reinforcing lower 
extremity alignment, the back squat has applications for 
nearly all sports involving the lower extremities. Volley-
ball is an excellent example of a sport whose players 
would particularly benefit from incorporating the 
back squat into training, because every position on 
the floor uses the squatting motion during matches:

• When landing from a jump, blockers should 
squat down, even if only slightly.

• When landing from a hit, outside hitters absorb 
the landing impact by bending their knees and 
squatting.

• Defensive specialists are often positioned in half- 
to three-quarter squat position in preparation to 
receive the ball from the opposing team.

• Setters squat and jump up during the jump set.

(continued)
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VARIATIONS

Slant Board Squat
The slant board squat increases muscle activity of the quadriceps (and other 
structures) to a greater degree than the standard back squat (Kongsgaard et 
al. 2006). Specifically, the increased eccentric stress increases the strength 
of those muscles, especially when used during deceleration motions. Stand 
toward the bottom of a slant board so your heels are toward the top of the 
board with both feet pointing down, and perform the standard back squat. 
This exercise is typically performed without weight to start but can be added 
as you progress. At the lowest point of the squat, the knees should be in 
front of the toes. Squatting with the back and heels against a wall will force 
proper form if needed.

E8398/Potach/Fig.07.04ci0/686589/JT/R1
Single-Leg Squat
The single-leg squat is essentially the same exercise as the back squat but 
performed on one leg versus two. There are several variations of the single-leg 
squat (e.g., pistol squat, Bulgarian split squat, skater’s squat). More detail on 
the single-leg squat is provided in chapter 8.

BACK SQUAT (continued)
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SINGLE-LEG PUSH-OFF

E8398/Potach/Fig.07.05aii/686592/JT/R3
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Execution

1. Stand next to a plyometric box with one foot on the ground and one 
foot on the box.

2. Using the foot on the box to push off, jump in the air, focusing on 
proper knee alignment.

3. Land with the same foot on the box and allow your other foot to touch 
the floor; the foot on the box should land just before the foot on the 
ground.

4. Immediately repeat the jump.

(continued)
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5. Note: Intensity may be increased by increasing the height of the box. 
Begin with a height of 6 inches (15 cm); boxes up to 18 inches (45 cm) 
high may be used, depending on the athlete’s height (taller athletes 
require taller boxes).

Muscles Involved
Primary: Gluteus maximus, hamstrings (semitendinosus, semimembra-
nosus, biceps femoris), quadriceps (rectus femoris, vastus lateralis, vastus 
medialis, vastus intermedius)

Secondary: Hip abductors, hip adductors (adductor longus, adductor 
magnus, adductor brevis), erector spinae (iliocostalis, longissimus, spinalis), 
rectus abdominis, external and internal obliques, transverse abdominis

PREVENTIVE FOCUS
The focus of this exercise helps to reinforce 
lower extremity alignment when jumping and 
landing on a single limb. Because the athlete 
begins with the knee and hip in 
flexed positions, the 
involved muscles 
are more stretched 
than when jump-
i ng  f r om  t h e 
floor. This requires 
greater muscle activity 
than standard plyometric exer-
cises because the amortization phase 
is longer than it is for other continuous 
or countermovement jumps. The con-
tinuous nature also helps to simulate the 
movements common in sporting activities.
This exercise is appropriate for all sports that 
require athletes to jump and land on a single 
leg, such as figure skating. Although the surface is different, all figure skating 
jumps require similar hip and knee positions as the single-leg push-off, making 
this exercise good preparation from both a strength and alignment standpoint.

VARIATION

Front Single-Leg Push-Off
In addition to changing the height of the box, you can change the focus of 
the exercise by facing the box instead of standing to the side. Although the 
quadriceps remain active, this variation tends to challenge the hamstrings 
and gluteal muscles to a greater degree than the standard single-leg push-off 
exercise, making it useful for hamstring injury prevention programs.

SINGLE-LEG PUSH-OFF (continued)
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REVERSE BENCH BRIDGE
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Execution

1. Place a bench on the floor and lie supine, perpendicular to the bench 
with your knees straight and lower extremities parallel; your feet should 
be closest to the bench.

2. Keeping your hips on the floor and flexing your knees to 90 degrees, 
position the back of your heels on the bench.

3. Without moving your upper body, extend your hips until your knees, 
hips, and shoulders are in a straight line.

4. Allow your hips to lower and return to the starting position.

Muscles Involved
Primary: Hamstrings (semitendinosus, semimembranosus, biceps femoris), 
gluteus maximus

Secondary: Erector spinae (iliocostalis, longissimus, spinalis)

(continued)
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Because the hamstrings perform actions at both the hip and the knee, many 
exercises have a specific focus on one joint versus the other. The reverse 
bench bridge focuses on the hamstrings’ function at the hip joint—specifically, 
thigh extension. The reverse bench bridge improves the ability of both the 
hamstrings and the gluteus maximus to function at the hip joint while also 
strengthening the hamstrings’ attachment to the ischial tuberosity.

Athletes from several sports can benefit from strengthening the hamstrings 
in this manner. Sprinters, for example, rely on their hamstrings to help increase 
their speed when running. All exercises in this section will benefit sprinters, 
but the reverse bench bridge is particularly beneficial because it also engages 
gluteus maximus. Although research has yet to substantiate the common 
belief that hamstring strain can result because the gluteus maximus is not 
properly working, performing an exercise that uses both the hamstrings and 
gluteus maximus is beneficial to improve the function of both muscles during 
sprinting activities.

E8398/Potach/F 07.06b/686598/pulled/R1

VARIATION

Plyometric Reverse Bench Bridge
Assuming the same starting position as the reverse bench bridge, rapidly extend 
the hips by driving upward. This motion should cause the feet to leave the 
bench. Land with the feet on the bench and lower the hips. Immediately repeat.

REVERSE BENCH BRIDGE (continued)
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NORDIC HAMSTRING CURL

E8398/Potach/Fig. 07.07a/686600/revised/R1
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Execution

1. Kneel on a soft surface on the floor (e.g., foam pad) with your knees 
flexed to 90 degrees and your knees, hips, and shoulders in a straight 
line.

2. Have a partner grasp your feet and ankles and hold them down.

3. Maintaining the same straight line through the knees, hips, and shoul-
ders, slowly extend your knees and lower your torso forward to the floor.

4. Note: If you are unable to control the downward movement of your torso, 
allow yourself to fall, catching yourself with your hands.

5. Once your torso is on the floor, lift back to the starting position, still 
keeping your knees, hips, and shoulders in line.

6. Note: If you are unable to independently return to the starting position, 
use your arms to assist by pushing upward.

(continued)
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Muscles Involved
Primary: Erector spinae (iliocostalis, longissimus, spinalis), hamstrings 
(semitendinosus, semimembranosus, biceps femoris)

Secondary: Gastrocnemius, transversus abdominis, rectus abdominis

PREVENTIVE FOCUS
The Nordic hamstring curl involves a strong eccentric contraction of the 
hamstrings during the downward movement phase, which strengthens the 
muscles and reduces the risk of strain. By using this exercise, hamstring injury 
rates decrease by up to 70 percent (Al Attar et al. 2017; van der Horst et al. 
2014; van Dyk et al. 2019); this dramatic impact is important to emphasize. 
Rarely does the addition of a single exercise reduce the risk of injury by such 
a great degree.

As with other hamstring-focused exercises listed in this chapter, the Nordic 
hamstring curl benefits any athletes that regularly sprint during practices or 
games. Baseball is an example that may not seem obvious at first, but hamstring 
injury rates for baseball players have steadily increased since 2011 (Okoroha 
et al. 2019). The most common mechanism is base running, specifically to 
first base. By incorporating the Nordic hamstring curl into training sessions 
throughout the year, the rate of hamstring injuries for these athletes should 
decrease.

E8398/Potach/07.07b/686601/JenG/R1

NORDIC HAMSTRING CURL (continued)
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VARIATIONS

Harop Curl
The Harop curl involves the same motion as the Nordic hamstring curl, but 
instead of the downward and upward motion occurring at the knee joints, 
it occurs at the hip joint. Begin in the same starting position as the Nordic 
hamstring curl, but lower your torso toward the floor by allowing the hips to 
flex, and return to the starting position by extending your hips. This variation, 
though still relying on the hamstring muscles, also relies on gluteus maximus.

E8398/Potach/Fig. 07.07ci/686603/JT/R2

E8398/Potach/Fig. 07.07cii/686604/JT/R2

Razor Curl
Like the Harop curl, the razor curl has similar motions as the Nordic ham-
string curl. Begin with your knees on the floor and both your hips and knees 
extended (as in the bottom position of the Nordic hamstring curl). Lift yourself 
up to 90 degrees of hip flexion and 90 degrees of knee flexion, then main-
tain 90 degrees of hip flexion while your knees continue to flex (Oliver and 
Dougherty 2009). Finally, return to the starting position.
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ROMANIAN DEADLIFT

E8398/Potach/F 07.08a/686605/pulled/R1

Erector spinae:

Spinalis

Longissimus

Iliocostalis

Hamstrings:

Semitendinosus

Semimembranosus

Biceps femoris

Gluteus maximus

Execution

1. Place your hands on the bar in a closed, pronated grip.

2. Lift the bar off the floor and slightly flex your knees (approximately 30 
degrees); maintain this position throughout the exercise.

3. Note: All repetitions begin from this position.

4. Flex your hips and push them backward, allowing your torso to move 
forward and keeping the bar in contact with your thighs.

5. Maintaining the slightly flexed knee position and keeping your torso 
rigid with a neutral spine, lower until a stretch is felt in the posterior 
thigh (hamstrings).

6. Extend your hips and raise your torso to the starting position.

7. Note: Maintain the slightly flexed knee and neutral spine positions.
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Muscles Involved
Primary: Hamstrings (semitendinosus, semimembranosus, biceps femoris)

Secondary: Gluteus maximus, erector spinae

PREVENTIVE FOCUS
Like the Nordic hamstring curl, the Romanian deadlift 
(RDL) involves a significant eccentric muscle action 
during the downward movement phase. The RDL, 
however, more closely mimics the actions of the 
lower extremities during the sprint motion; this 
specificity helps to strengthen the hamstrings in a 
sport-specific manner. Further, because of the stretch 
caused by the forward motion at the hips, the RDL helps 
to strengthen the hamstrings in a lengthened position.

Although sprinting is a very common injury mech-
anism for hamstring injuries, running for prolonged 
periods (e.g., soccer games, long distance 
running) has also been shown to 
contribute to hamstring muscle strains 
(Jones et al. 2015). Although a ham-
string strain can be stretch-induced 
(e.g., in the transition between the 
late swing and early stance phase), 
it is likely that the contact of the foot 
on the ground and subsequent hip 
extension is also a cause. Because endurance athletes may perform this action 
over 20,000 times per training session, the likelihood of injury increases. By 
adding an exercise like the RDL—which mimics both the stretched position of 
the hamstrings and the early stance phase position—the risk of long distance 
running–related injuries decreases.

VARIATION

Single-Leg Romanian Deadlift
The single-leg Romanian deadlift is similar 
to the Romanian deadlift, but is performed 
while balancing on one leg. This allows the 
athlete to improve balance while also making 
the movement more sport specific, because 
most sporting movements are performed on 
one leg at a time.

E8398/Potach/Fig. 07.08c/686607/JT/R2
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PIKE JUMP

E8398/Potach/Fig. 07.09aii/686609/JT/R2

Hamstrings:

Semitendinosus
Semimembranosus

Biceps femoris

Gluteus maximus
Quadriceps:

Vastus lateralis

Rectus femoris

Vastus intermedius
Vastus medialis

Hip abductors

Erector spinae:

Iliocostalis

Longissimus
Spinalis

Hip adductors:

Adductor longus
Adductor brevis

Adductor magnus

Rectus abdominis

External oblique
Internal oblique Transverse abdominis

Execution

1. Stand with your feet shoulder- to hip-width apart.

2. Keeping your knees in proper alignment, bend your knees slightly and 
jump in the air.

3. Keep your legs straight and together and lift them to the front (in a pike 
position) to touch your toes with your hands.

4. Land and immediately repeat the jump.
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Muscles Involved
Primary: Gluteus maximus, hamstrings (semitendinosus, semimembra-
nosus, biceps femoris), quadriceps (rectus femoris, vastus lateralis, vastus 
medialis, vastus intermedius)

Secondary: Hip abductors, hip adductors (adductor longus, adductor 
magnus, adductor brevis), erector spinae (iliocostalis, longissimus, spinalis), 
rectus abdominis, external and internal obliques, transverse abdominis

PREVENTIVE FOCUS
Like other plyometric exercises, the pike jump helps improve explosiveness. 
This exercise is unique for a variety of reasons—specifically, it requires rapid 
movement and hamstring flexibility to perform. It is this last point that makes 
the pike jump especially important for hamstring injury prevention programs. 
During this exercise, the athlete’s hamstrings undergo a rapid stretch near their 
end range of flexibility at both the hip and the knee; then rapidly extend to 
allow the athlete to land on her feet. By undergoing this quick stretch, the ham-
strings are better able to tolerate this motion and the risk of injury decreases.

Several sports require this movement, but dancers, cheerleaders, and gym-
nasts would particularly benefit from the pike jump because they require both 
flexibility and strength at the end range of hamstring motion.

E8398/Potach/07.09b/686610/JenG/R1
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HIP FLEXOR HOLD

E8398/Potach/Fig. 07.10a/686612/JT/R2

Psoas major
Iliacus

Iliopsoas:

Rectus femoris

Sartorius

Tensor fasciae latae

Execution

1. Stand with your back against the wall and an elastic loop placed around 
both feet.

2. Maintaining contact with the wall, flex your hip to lift your thigh until 
the top of the thigh is parallel with the floor.

3. Hold for the prescribed duration (e.g., 10 seconds), then slowly lower 
your thigh to the starting position.
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E8398/Potach/Fig. 07.10b/686613/revised/R1

Muscles Involved
Primary: Iliopsoas, rectus femoris, sartorius

Secondary: Tensor fasciae latae

PREVENTIVE FOCUS
Isometric muscle actions can produce greater 
muscle force than concentric muscle actions. By 
maintaining that force for a prolonged time, both 
strength (due to the isometric muscle action) and 
muscular endurance (due to the prolonged hold) of 
the hip flexors are increased. All athletes who perform 
sprinting activities would benefit from including this exer-
cise in their training.

The hip flexor hold is also beneficial for soccer play-
ers. Although short passes do not commonly lead to 
hip flexor injuries, shots or long passes and crosses 
do. These latter types of kicks require the hip flexors 
to undergo a large stretch and immediately concen-
trically contract to kick the ball. By strengthening 
this muscle group, the muscles are better able to 
tolerate these types of kicks, making hip flexor 
injuries less common.

VARIATION

Cable Hip Flexion
Balancing on one foot, place the other foot in a strap attached to 
a cable resistance machine. Flex your hip until the top of the thigh 
is parallel to the floor; allow the thigh to return to the starting posi-
tion by controlling the hip extension. Hip flexion with a cable 
involves the same motion as the hip flexor hold, but instead 
uses both concentric (during the upward movement) and 
eccentric (during the downward movement) muscle actions.

Note: One exercise that appears in chapter 8 requires special 
mention here: The leg extension is an excellent exercise 
to improve the strength of the quadriceps muscle group. 
Please refer to chapter 8 for instruction on how to perform 
this important exercise.
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COPENHAGEN HOLD

E8398/Potach/Fig. 07.11aii/686615/JT/R2

Hip adductors:

Quadratus lumborum

Adductor longus

Adductor brevis

Adductor magnus

Execution

1. Lie propped on your elbow on one side with the inside of the top ankle 
resting on a bench. Keep your opposite foot on the floor for support 
and balance.

2. Lift your hips in the air until there is a straight line from your top foot 
to your top shoulder.

3. Hold this position for a prescribed period.

4. Slowly lower to the starting position.

5. The illustration here is showing a Copenhagen hold progression of the 
Copenhagen hold with leg lift as described in the variation section.

Muscles Involved
Primary: Hip adductors (adductor longus, adductor magnus, adductor 
brevis) (top lower extremity)

Secondary: Quadratus lumborum (bottom lower extremity)
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PREVENTIVE FOCUS
This is a difficult exercise requiring great 
strength of the hip adductor muscles. 
The combination of isometric hold 
at the top of the movement and the 
muscle force required to lift the hips 
and pelvis off the floor improve the 
strength and muscle endurance of 
the hip adductors of the top lower 
extremity.

The hip adductors are espe-
cially important for hockey play-
ers because they are responsible 
for helping to stabilize the hip joints 
when stopping. Up to 10 percent of hockey 
players injure their hip adductor muscles during the 
course of a season (Tyler et al. 2010). Although it is common to attribute these 
injuries to a lack of flexibility, the primary cause is more often related to hip 
adductor weakness. The hip abductor muscles are generally responsible for 
propulsion and are not commonly injured in hockey players.

VARIATION

Copenhagen Hold With Leg Lift
The original Copenhagen hold involves the use of the lower extremity to 
provide stability; because of this, it requires less muscle hip adductor muscle 
force to perform. One variation is to lift the hips as with the Copenhagen 
hold, but while maintaining that upper position, slowly lift the lower foot to 
the bench and back down for a prescribed number of repetitions. Each time 
the bottom foot is off the floor, the top hip adductor muscles must generate 
greater force to perform the exercise.
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KNEE
The knee is one of the most studied, researched, and discussed joints in the 
body. Two possible reasons for this attention are the complex nature of the 
joint and its high rate of injury. The knee comprises three separate bones—
tibia, femur, and patella—and two separate joints, the tibiofemoral and the 
patellofemoral, which are both covered in this chapter. Though many potential 
injuries to these joints may occur, special attention will be paid to the most 
frequently injured structures as well as the most common mechanisms for 
those injuries.

Note: All muscles acting at the knee joint are covered in other chapters 
(specifically the quadriceps and hamstrings in chapter 7). Although those 
muscles are referred to multiple times in this chapter, please refer to those 
chapters for detailed discussion of the muscles themselves and exercises for 
preventing injuries to those muscles.

TIBIOFEMORAL JOINT
The knee is commonly referred to as a hinge joint, and though other motions 
also occur—specifically internal and external rotation—its primary motions 
are flexion and extension. These motions occur at the tibiofemoral joint—the 
articulation between the tibia and femur—and are accomplished with acti-
vation of hamstrings (flexion) and quadriceps femoris (extension). Between 
these two bones, there are two types of cartilage: articular cartilage and the 
menisci. Articular cartilage covers the joint surface to provide smooth motion. 
The medial and lateral menisci are C-shaped, wedgelike pieces of cartilage 
that serve to deepen the tibiofemoral joint. This increased congruency helps 
support and protect the joint, guide motion, and provide some cushioning 
(see figure 8.1).

In addition to the stability provided by the menisci, the joint capsule sur-
rounds the tibiofemoral joint and provides an additional degree of stability. 
Four primary ligaments also stabilize the tibiofemoral joint: anterior cruciate 
ligament (ACL), posterior cruciate ligament (PCL), lateral collateral ligament 
(LCL), and medial collateral ligament (MCL). The first three ligaments are dis-
tinct structures, whereas the last—MCL—is more muted in shape and structure. 
Each of these ligaments has a specific function.

8
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• ACL. The ACL consists of two bundles, the anteromedial and posterolat-
eral bundles, and travels from the posterior part of the medial aspect of the 
femur’s lateral condyle anterior and lateral to the anterior tibial spine on the 
tibia, where it blends with the medial meniscus. It lies in front of (anterior) and 
crosses (cruciate) the PCL. ACL prevents anterior translation of the tibia on the 
femur (i.e., it prevents the tibia from moving forward in relation to the femur) 
and also prevents hyperextension. In addition to these motion restrictions, it 
also provides proprioceptive feedback to the nervous system.

• PCL. The PCL is posterior to the ACL and prevents posterior translation 
of the tibia on the femur and also prevents hyperextension. The PCL is not 
injured as often as the ACL.

• MCL. This ligament is located medially (toward the midline of the body) 
to connect the tibia and femur and prevents valgus (inward) movement of the 
knee in relation to the foot. Though this ligament is a common source of tibi-
ofemoral injury, it is not as distinct as the other three tibiofemoral ligaments and 
does not often require surgery, unless it has been completely torn (grade III).

• LCL. Located laterally (away from the midline of the body), the LCL pre-
vents varus (outward) knee motion. This ligament provides this support via 
its attachments to the fibula and the femur.

E8398/Potach/F 08.01/686618/revised/R3

Tibia

Lateral collateral ligament

Patella

Articular cartilage

Lateral meniscus

Anterior cruciate ligament

Medial collateral ligament

Medial meniscus

Posterior cruciate
ligament

Femur

FIGURE 8.1 Left knee ligaments and tissues.
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Because one of the most common tibiofemoral joint injuries involves the ACL, a 
lot of research has been performed to determine causes, best surgical techniques, 
evidence-based rehabilitation, and—more recently—prevention for this injury.

ACL Tear
An ACL tear is a devastating knee injury that commonly occurs when par-
ticipating in sports requiring frequent high-impact landing and twisting, like 
soccer, basketball, football, and volleyball. Despite the amount of research 
performed and published over the past several years,

• the rate of ACL tears has not decreased,

• the number of athletes able to return to previous activity following 
ACL tear has not improved,

• the risk of post-traumatic osteoarthritis for those suffering an ACL 
tear is high,

• those who tear their ACL and have surgery are often unable to return 
to their previous activity level (Ardern et al. 2014),

• tearing the ACL puts athletes at an increased risk for unfavorable weight 
gain (Myer, Faigenbaum, et al. 2013; Whittaker 2015),

• athletes who tear their ACL report greater levels of disability (Cameron 
et al. 2013), and

• approximately 30 percent of athletes who tear their ACL have a related 
injury within the first two years (Paterno et al. 2014).

Given these dire statistics, it is incumbent both for providers and coaches 
to develop programs that reduce the risk of ACL injury and to maximize pro-
gram participation and compliance by athletes. Recent research showed an 
overall 50 percent reduction in the risk of all ACL injuries and a 67 percent 
reduction for noncontact ACL injuries in females when participating in an 
injury prevention program (Webster and Hewett 2018). Unfortunately, these 
programs are underused, with fewer than one-third of youth soccer coaches 
having their athletes participate in an ACL injury prevention program (Finch 
et al. 2016; Mawson et al. 2018).

Several injury prevention programs have been developed, but no one pro-
gram has been shown to be more effective than another (Huang et al. 2020). 
It is safe to say that doing some supplemental strength and conditioning of 
any kind is likely helpful. There is some evidence that an effective ACL injury 
prevention program should include the following:

• Increasing strength of the hamstrings and hip abductors (Grindstaff and 
Potach 2006; Khayambashi et al. 2016; Palmieri-Smith 2009; Zebis et al. 2009)

• Reducing inward motion of the knee (dynamic valgus) when landing, 
decelerating, jumping, and changing direction (Hewett et al. 2005; Myer et al. 
2008, 2011; Paterno et al. 2010; Quatman and Hewett 2009)

• Increasing the amount of knee flexion upon landing (Myer et al. 2011)
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E8398/Potach/Fig. 08.02/686619/HR/R4

Lateral
collateral
ligament

Lateral
retinaculum

Medial
retinaculum

Medial
patellofemoral
ligament     

Femur

Quadriceps
tendon

Patella

Patellar 
tendon

FIGURE 8.2 The patellofemoral joint comprises two 
bones, the patella and femur. The patella is held in 
place by a combination of muscle, other soft tissue 
restraints, and the shapes of both bones.

• Improving overall strength, endurance, and fitness—though not univer-
sally accepted, this is likely a benefit (Collins et al. 2016; Dickin et al. 2015; 
Frank et al. 2014; O’Connor et al. 2015; Shultz et al. 2015; Sugimoto et al. 2015; 
Tamura et al. 2016)

PATELLOFEMORAL JOINT
The patellofemoral joint is the articulation between the floating patella—or 
kneecap—and the femur that lies behind it (see figure 8.2). The patella rests 
and functions within the trochlear groove of the femur. Though floating, the 
patella is held in place by both the walls of the trochlear groove and the 
patellar retinaculum, a collection of ligaments that provide stability. The medial 
portion that specifically limits lateral movement of the patella is the medial 
patellofemoral ligament (MPFL).

During typical function, the patella glides superiorly with quadriceps contraction 
and inferiorly when the quadriceps relax. During quadriceps contraction, the patella 
acts as a pulley between the proximal and distal attachments of those muscles. By 
acting as a pulley, the moment arm—the distance between the joint axis and the 
line of force acting on that joint—is lengthened, 
thereby increasing mechanical advantage to 
allow the quadriceps to concentrically pull on 
the tibial tuberosity and extend the knee. This 
type of motion occurs when walking up stairs 
or straightening the knee while seated. This 
structure also allows the quadriceps to act 
eccentrically to slow movement and absorb 
shock, as when squatting down, walking 
down stairs, or landing from a jump.

A special note on muscle function 
must be made here. Some believe that a 
specific portion of vastus medialis— the 
vastus medialis obliquus or VMO—can 
be activated to improve patellofemoral 
alignment, thereby reducing pain for 
some and improving stability for others. 
The medial-to-lateral alignment of this 
portion of the vastus medialis suggest 
the VMO could indeed improve patel-
lofemoral alignment. While the belief 
behind this makes sense, it is not sup-
ported by research and has two funda-
mental obstacles:
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1. To date, research has not shown the VMO can be independently activated, 
regardless of how exercises are altered (e.g., change of foot or leg posi-
tion) or what tools are used (e.g., ball between the knees, biofeedback).

2. There is limited, if any, evidence to suggest that this portion of vastus 
medialis has the ability to pull the patella medially to improve alignment.

Although many of the exercises used to reduce patellofemoral injuries are 
the same as those for the ACL, the types of injuries are unique. Some injuries 
occur because the patella does not move in the trochlear groove as designed, 
and some are due to repetitive use.

Patellar Instability
Patellofemoral instability occurs when an athlete’s patella moves out of the 
trochlear groove, typically to the outside (laterally). Patellar instability can 
occur when the patella moves out of the trochlear groove and remains there 
until relocated—known as dislocation—or when the patella moves out of the 
trochlear groove but returns to the groove on its own—known as subluxation 
(see figure 8.3). There are several structures that help to keep the patella lying 
within the trochlear groove, including the shape of the groove, muscles, and 
ligaments—specifically the medial patellofemoral ligament (MPFL). The MPFL 
runs between the medial border of the patella and the medial epicondyle 
of the femur and is commonly torn in repeated episodes of instability, often 
requiring reconstruction.

E8398/Potach/F 08.03/686620/revised/R1

Patella

FIGURE 8.3 Lateral movement of the patella outside the trochlear groove. If the patella returns 
to the groove immediately, it is a subluxation. If the patella requires external repositioning, it is a 
dislocation.
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Anterior Knee Pain
Anterior knee pain is often synonymously referred to as patellofemoral pain 
syndrome. But because more than the patellofemoral joint may be involved, 
anterior knee pain is a better general term to describe a variety of injuries. 
Some of these injuries include the following:

• Patellofemoral pain syndrome

• Chondromalacia patellae

• Osgood-Schlatter disease

• Sinding-Larsen-Johansson syndrome

• Synovial plica syndrome

• Patellar tendinopathy

• Pes anserine bursitis

• Quadriceps tendinopathy

• Prepatellar bursitis

• Iliotibial band syndrome

Anterior knee pain can occur for a variety of reasons and can be difficult 
to treat due to the variety of symptoms and locations involved. Risk factors for 
anterior knee pain include patella or femoral abnormalities, muscular weak-
ness, and overuse. Generally, improving movement technique and strength of 
specific muscle groups (i.e., quadriceps and hip abductors) reduces the risk 
of anterior knee pain.

Patellar Tendinopathy
Patellar tendinopathy, commonly referred to as jumper’s knee, is a specific type 
of anterior knee pain that (as the name suggests) involves the patellar tendon. 
This condition may or may not involve active inflammation; acute injuries to 
the patellar tendon do involve a release of inflammatory agents, but if the 
injury becomes more chronic or is a result of overuse, active inflammation 
is likely not present. Instead, chronic patellar tendinopathy more typically 
involves degenerative injury to the tendinous fibers, resulting in tendon pain 
and weakness. This pain is commonly felt when running (especially downhill), 
landing, and when descending stairs.

Because the risk factors for both knee joint–related injuries are similar, 
each of the ACL exercises in this chapter also reduce the risk of injury to the 
patellofemoral joint. Leg extension is included in this chapter specifically for 
patellofemoral joint injuries. It should be noted, however, that quadriceps 
weakness is a risk factor for subsequent injury following an initial ACL tear or 
surgery; therefore, the exercises listed for the patellofemoral joint in this chap-
ter should be included in secondary ACL injury prevention programs as well.
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Jumping and Landing Position
Many exercises in this chapter describe jumping and landing positions. The 
position we advocate to maximize performance of the drills is with knees bent 
and aligned with the second and third toes (see figure 8.4). It is acceptable 
(and natural) for the knees to move past the toes; however, this movement 
can be considered more advanced, so when beginning the squatting, jumping, 
and landing exercises described in this (and other) chapters, limit that forward 
motion to a position level with the toes. More advanced athletes can, and 
should, allow the knees to move past the toes.

Note: The knees should not move excessively inward (valgus movement) 
or outward (varus movement). Dynamic valgus is a known risk factor for knee 
injuries, including ACL tear.

E8398/Potach/Fig. 08.04/686621/HR/R1E8398/Potach/Fig. 08.04b/686622/HR/R1

FIGURE 8.4 Proper plyometric landing position. (a) When viewed from the sides, the 
athlete’s shoulders are in line with her knees, which helps to place the center of gravity 
over the body’s base of support. (b) When viewed from the front, the athlete’s knees are 
over her toes; excessive inward (valgus) movement increases the athlete’s risk of lower 
extremity injury.
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SINGLE-LEG SQUAT

Execution

1. With your feet shoulder- to hip-width apart and your toes slightly pointed 
outward, lift your right foot off the floor.

2. Allow your left hip and knee to slowly flex while keeping the torso-to-
floor angle constant.

3. Note: Maintain a flat-back position with your chest up and out. Keep 
your left heel on the floor and your knee aligned with the second and 
third toes of the foot.

4. Continue allowing your hips and knees to flex until your thigh is parallel 
to the floor or you are unable to lower any further.

5. Extend the hip and knee of the left foot, still keeping the torso-to-floor 
angle constant.

6. Note: Continue to maintain a flat-back position with your chest up and 
out. Keep your left heel on the floor and your knee aligned with the 
second and third toes of the foot.

7. Continue extending the hip and knee to reach the starting position.

E8398/Potach/Fig. 08.05/686623/HR/R3
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Muscles Involved
Primary: Gluteus maximus, hamstrings (semitendinosus, semimembra-
nosus, biceps femoris), quadriceps (rectus femoris, vastus lateralis, vastus 
medialis, vastus intermedius)

Secondary: Hip abductors, hip adductors (adductor longus, adductor 
magnus, adductor brevis), erector spinae (iliocostalis, longissimus, spinalis), 
rectus abdominis, external and internal obliques, transverse abdominis

PREVENTIVE FOCUS
The single-leg squat involves the use of all 
the thigh muscles and, to be performed 
correctly, requires proper lower body 
and trunk alignment. This maximizes 
the demands placed on the muscles 
involved. When performing, pay 
special attention to the knee 
performing the exercise; there 
is a tendency for that knee to 
“collapse” into a valgus position. 
This inward movement is termed 
dynamic valgus and is a risk factor for 
both tibiofemoral and patellofemo-
ral injury. Performing this exercise as 
described reinforces the need for muscle 
recruitment during such tasks.

Any athlete in a sport that requires a 
partial squat position on a single lower 
extremity will benefit from the single-leg squat. Examples of this movement 
include planting the foot to drive off when changing direction in football, 
when kicking in soccer, and when responding to an offensive or defensive 
player in basketball. For athletes in these sports, incorporating a single-leg 
squat into their training programs will reinforce the proper positioning and 
alignment while also strengthening the muscles involved in those movements.

VARIATION

There are several variations of the single-leg squat (e.g., pistol squat, Bulgarian 
split squat, skater’s squat) for the athlete to consider; one of those variations 
is provided here.

Levitating Lunge
The levitating lunge is performed the same way as the single-leg squat, but 
with the lifted knee positioned behind the other knee. From this position, 
the goal of the downward movement phase is to lower until the posterior 
knee just touches the floor (it should not rest on the floor and should not hit 
the floor forcefully).
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STABILITY BALL  
HAMSTRING CURL

E8398/Potach/F 08.06a/686626/revised/R1

Gluteus
maximus

Gastrocnemius

Erector
spinae

Biceps femoris

Execution

1. Lying supine on the floor with feet on a ball.

2. Abduct your arms approximately 30 degrees.

3. Lift the hips off the floor to position so your feet, knees, hips, and 
shoulders are in a straight line.

4. Flex your knees to bring your heels toward your hips (this will cause 
the ball to roll backward).

5. Still keeping your hips and shoulders in a straight line, continue flexing 
your knees to a 90-degree angle; the soles of the feet will finish near 
the apex of the ball.

6. Allow your knees to extend and the ball to roll forward to the starting 
position.

Muscles Involved
Primary: Hamstrings (semitendinosus, semimembranosus, biceps femoris)

Secondary: Gluteus maximus, gastrocnemius, erector spinae (iliocostalis, 
longissimus, spinalis)
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E8398/Potach/08.06b/686627/JenG/R1

PREVENTIVE FOCUS
Proper hamstring function is important for 
sporting activity, but it also helps to protect and 
stabilize the tibiofemoral joint—as mentioned 
earlier, one of the ACL’s functions is to prevent 
anterior translation of the tibia on the femur. 
Increasing strength of the hamstrings therefore 
reduces the risk of ACL injury (Myer et al. 2009). 
This exercise is unique because it involves both 
the proximal (hip) and distal (knee) portions of 
the hamstrings, though the focus is more on the 
distal knee motion as compared to the proximal 
action at the hip.

Athletes in sports that involve sprinting or who 
are at risk of ACL injury benefit from this type of 
hamstring exercise. Volleyball players in particular have 
a high incidence of ACL injury and would benefit from 
incorporating the stability ball hamstring curl into their 
programming.

VARIATION

Seated Leg Curl
This variation requires you to sit in a leg curl machine with 
your ankles resting on top of the roller pad and your knees 
lined up with the axis of the machine. Flex your knees as 
far as possible, then slowly allow them to extend back to 
the starting position. This exercise allows greater resistance to be used than 
the stability ball curl, which requires more trunk control to perform.

E8398/Potach/F 08.06c/686629revised/R2
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E8398/Potach/Fig. 08.07aii/686631/HR/R1

E8398/Potach/Fig. 08.07ai/686630/HR/R1

DECELERATION

Execution

1. Run forward at half speed for approximately 20 meters.

2. Decelerate and stop within three steps, making sure to drop your hips 
low and keep your trunk upright.

3. As your ability to effectively control deceleration improves, increase to 
three-quarters speed and stop within five steps.

4. Finally, run at top speed and stop within seven steps.

E8398/Potach/Fig. 08.07aiii/686632/HR/R2

Gluteus minimus obscured

Gluteus maximus
Gluteus medius

Quadriceps:
Rectus femoris
Vastus lateralis
Vastus medialis
Vastus intermedius

Hamstrings:
Biceps femoris
Semitendinosus
Semimembranosus

Start position.

Finish position.
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Muscles Involved
Primary: Quadriceps (rectus femoris, vastus lateralis, vastus medialis, 
vastus intermedius)

Secondary: Hamstrings (semitendinosus, semimembranosus, biceps fem-
oris), gluteus maximus, gluteus medius, gluteus minimus

PREVENTIVE FOCUS
Deceleration drills are intended to improve braking ability (specifically quadri-
ceps function) and to assist in transfer of training from traditional strength 
exercises to more sport-specific movements. Training athletes to dissipate 
forces through practiced deceleration has repeatedly been shown to decrease 
the risk of ACL injury, whereas higher ground reaction forces, especially when 
experienced by those with less training age or experience (Bates et al. 2013), 
increases an athlete’s risk of ACL injury during tasks requiring rapid stopping 
movement (Hewett et al. 2005; Miranda et al. 2013; Sell et al. 2007; Yu et al. 
2006). Most sports and positions require deceleration from a sprint or with 
changes of direction, such as the following:

• A volleyball player running to the net

• A basketball player running to defend an inbound pass

• A soccer defender running to cut off a pass

E8398/Potach/F 08.07b/686633/revised/R2VARIATIONS

Two exercises which can be considered variations of the deceleration exer-
cise—or exercises that improve the skill and physical requirements of decel-
eration—are the drop freeze and stability hop. Both of these exercises require 
you to slow and stop movement—i.e., decelerate—in a short amount of time.

(continued)
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E8398/Potach/Fig. 08.07cii/686635/HR/R2

Drop Freeze
Step from a box and absorb the landing by flexing your knees and landing 
as quietly as possible on both feet. Your knees should be lined up over your 
second and third toes, as shown in the landing position illustration in the 
sidebar on page 135.

E8398/Potach/Fig. 08.07civ/686637/HR/R1

Stability Hop
Jump forward off one foot and land on the other foot, absorbing the landing 
by flexing your knee and landing as quietly as possible. Your knee should 
be lined up over your second and third toes. This is an excellent exercise to 
work on lower extremity alignment as well as to prepare for quick direction 
changes using proper technique.

DECELERATION (continued)
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E8398/Potach/F 08.08aii/686639/revised/R2

Gluteus maximus

Gluteus medius

Semitendinosus

Hamstrings:

Biceps femoris

Gastrocnemius

Rectus femoris

Vastus lateralis

Vastus intermedius

Soleus

Semimembranosus

DROP (DEPTH) JUMP

E8398/Potach/F 08.08ai/686638/pulled/R1

Execution

1. Assume a comfortable upright stance on a 12-inch (30 cm) box with your 
feet shoulder- to hip-width apart and your toes near the edge of the box.

2. Step from the box and land on the floor with both feet.

3. Upon landing, immediately jump up as high as possible, keeping your 
time on the ground as short as possible.

4. Land in the same position and absorb the landing by flexing your knees 
and landing as quietly as possible.

5. Note: Your knees should maintain proper alignment over the second and 
third toes of each foot.

(continued)

Start position.
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E8398/Potach/F 08.08b/686640/revised/R1

Muscles Involved
Primary: Quadriceps (rectus femoris, vastus lateralis, vastus medialis, 
vastus intermedius), gluteus maximus, soleus

Secondary: Hamstrings (semitendinosus, semimembranosus, biceps fem-
oris), gluteus medius, gluteus minimus, gastrocnemius

PREVENTIVE FOCUS
Lower extremity plyometric exercises add speed and 
impact components not occurring in many other exer-
cise modes. This particular exercise has two primary 
benefits: It reinforces proper knee alignment and it 
mimics the type of movement and impact experienced 
during sporting activities. By incorporating intense exercises 
into a training program, athletes are better conditioned to 
tolerate the demands of sport, including explosiveness and 
deceleration.

Most sports and positions require deceleration when landing 
from a jump, such as the following:

• A football wide receiver landing after catching a ball

• A basketball forward landing after grabbing a rebound

• A soccer defender landing from a header

• A volleyball blocker landing after a block at the net

VARIATIONS

Drop (Depth) Jump to Second Box
This exercise is performed the same way as the drop 
(depth) jump; upon landing, however, the immediate jump 
up is onto a second box. The distance of the second box 
from the first will depend on your ability and experience 
with plyometric exercise; a distance of 24 inches (60 
cm) is a good starting point (NSCA 2016).

Drop (Depth) Jump to 90-Degree 
Turn
This exercise is performed the same way 
as the drop (depth) jump; upon landing, 
however, immediately jump and turn 
your body 90 degrees as you land. As with the drop (depth) jump, you should 
absorb the landing by flexing the knees and landing as quietly as possible.

E8398/Potach/F 08.08c/686641/revised/R1

DROP (DEPTH) JUMP (continued)
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SINGLE-LEG VERTICAL JUMP

E8398/Potach/Fig. 08.09ai/686642/HR/R1

E8398/Potach/Fig. 08.09aii/686643/HR/R3

Gluteus maximus

Gluteus medius

Gluteus minimus

Gastrocnemius
Soleus

Rectus femoris

Vastus medialis

Hamstrings:

Biceps femoris

Semimembranosus

Semitendinosus

Execution

1. Assume a comfortable, upright stance on one foot. Hold the free leg 
in a stationary position with the knee flexed throughout the exercise.

2. Squat down slightly, then immediately and explosively jump up, using 
both arms to assist and reach for a target.

3. Land on one foot in the starting position using proper knee alignment 
(see figure 8.4), and absorb the landing by flexing the knee and landing 
as quietly as possible.

4. Repeat the jump using the same leg.

5. Note: You should recover after each jump (i.e., repetitions are not con-
tinuous).

(continued)

Start position.
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E8398/Potach/F 08.09b/686644/revised/R1

Muscles Involved
Primary: Quadriceps (rectus femoris, vastus lateralis, vastus medialis, 
vastus intermedius), gluteus maximus, soleus

Secondary: Hamstrings (semitendinosus, semimembranosus, biceps fem-
oris), gluteus medius, gluteus minimus, gastrocnemius

PREVENTIVE FOCUS
Like the drop (depth) jump, this plyometric 
exercise both focuses on proper knee align-
ment and mimics sport-specific movement 
and impact. By using only a single leg, how-
ever, this exercise requires the muscles in the 
jumping leg to produce more force, thus increasing 
the intensity as well as requiring greater balance and 
greater control of the jumping knee.

Dancers of all genres require periods of time func-
tioning or landing on a single leg, such during leaps, 
jetes, and even turn variations. All dancers would 
benefit from using the single-leg vertical jump 
to improve alignment and strength while also 
reducing injury risk.

VARIATIONS

Single-Leg Vertical Jump—Continuous
The continuous variation of the single-leg vertical jump is performed the same 
way as the single-leg vertical jump, but the recovery period between jumps 
is minimized: Upon landing from one jump, immediately jump again without 
resting. This requires more control of the knee, and its continuous nature 
more closely mimics the activity occurring during most sports.

Single-Leg Side-to-Side Hop
Like the continuous variation of the single-leg vertical jump, the single-leg 
side-to-side hop is performed continuously, but instead of jumping vertically, 
the motion is to the side and then back to the starting position. To perform, 
place two markers 12 inches (30 cm) apart and stand on one. Using one leg, 
jump up and laterally to the other marker; upon landing, immediately jump 
to the starting marker again without resting. This requires more control of the 
knee, and its continuous nature more closely mimics the activity occurring 
during most sports.

SINGLE-LEG VERTICAL JUMP (continued)
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SIDE HURDLE JUMP

E8398/Potach/Fig. 08.09a/686646/HR/R1

E8398/Potach/Fig. 08.10aii/686647/HR/R3

Hip
abductors

Transverse abdominis

Rectus abdominis

Internal oblique

External oblique

Quadriceps:

Rectus femoris

Vastus lateralis

Vastus medialis

Vastus intermedius
(deep to rectus femoris)

Semimembranosus

Semitendinosus

Adductor
brevis

Hip adductors:

Adductor
magnus

Adductor
longus

E8398/Potach/Fig. 08.10aiii/686648/HR/R1(continued)

Start position. Finish position.
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Execution

1. Stand to the side of a hurdle with your feet shoulder- to hip-width apart.

2. While maintaining proper knee alignment (see figure 8.4), bend your 
knees slightly and jump up and over the hurdle with your legs together.

3. Land on both feet and absorb the landing by bending your knees and 
maintaining proper knee alignment.

4. Return to starting position and repeat.

5. Note: This may be performed by starting from either side of the hurdle.

Muscles Involved
Primary: Gluteus maximus, hamstrings (semitendinosus, semimembra-
nosus, biceps femoris), quadriceps (rectus femoris, vastus lateralis, vastus 
medialis, vastus intermedius)

Secondary: Hip abductors, hip adductors (adductor longus, adductor 
magnus, adductor brevis), erector spinae (iliocostalis, longissimus, spinalis), 
rectus abdominis, external and internal obliques, transverse abdominis

PREVENTIVE FOCUS
The side hurdle jump—both the two-leg exercise and single-leg variation— 
adds a lateral component to jumping and requires the athlete to control both 
the jumping and landing positions in a way that differs from vertical jumps. 
This type of motion is common in several sports positions, but one of the 
most common is a football running back. These athletes often run straight 
ahead, then stop by landing on both feet and change direction by driving 
off one or  both lower extremities. By performing the side hurdle jump with 
correct form and alignment, the athlete is better prepared for the cutting and 
changes of direction common in football.

SIDE HURDLE JUMP (continued)
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VARIATIONS

Side Hurdle Jump—Continuous
The side hurdle jump can be performed in a continuous manner as well: 
Upon landing from one jump, immediately jump over the hurdle again (in the 
opposite direction) without resting. This requires more control of the knees, 
and its continuous nature more closely mimics the activity occurring during 
most sports.

Single-Leg Side Hurdle Jump
Another common variation is to perform the side hurdle jump on a single 
leg. Standing next to the hurdle on one foot, jump up and over, landing on 
the same leg. This is a very challenging exercise and requires more control 
of the knee; because of the increased intensity, lowering the height of the 
hurdle is advised.

E8398/Potach/08.10b/686649/JenG/R2
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STANDING LONG JUMP  
TO SINGLE-LEG LANDING

E8398/Potach/Fig. 08.11aii/686652/HR/R2

Gluteus minimus
Gluteus maximus

Gluteus medius

Soleus
Gastrocnemius

Quadriceps:
Rectus femoris
Vastus medialis
Vastus lateralis
Vastus intermedius

Biceps femoris
Semitendinosus

E8398/Potach/Fig. 08.11ai/686651/HR/R1

Start position.
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E8398/Potach/08.11b/686653/JenG/R1

Execution

1. Begin in a half-squat position with your feet shoulder- to hip-width apart.

2. Slightly squat down and immediately and explosively jump up and 
forward as far as possible with both feet, using your arms to assist with 
the jump.

3. Land on one foot in the starting position using proper knee alignment 
(see figure 8.4), and absorb the landing by flexing the knee and landing 
as quietly as possible.

4. Note: Allow complete rest between repetitions.

Muscles Involved
Primary: Quadriceps (rectus femoris, vastus lateralis, vastus medialis, 
vastus intermedius), gluteus maximus, soleus

Secondary: Hamstrings (semitendinosus, semimembranosus, biceps fem-
oris), gluteus medius, gluteus minimus, gastrocnemius

PREVENTIVE FOCUS
The explosive nature of this jump is similar to that required in 
sport and sprinting, and the single-leg landing also mimics the 
deceleration common in sport. Further, this exercise emphasizes 
proper landing technique, including absorption and 
alignment; these two technique focus areas 
have been demonstrated to reduce injury risk 
(Hewett et al. 2005; Miranda et al. 2013; Sell et 
al. 2007; Yu et al. 2006). Figure skating is a sport 
that requires frequent single-leg landings. Although the 
landing surface differs from most sports, single-leg landing 
requirements are generally the same at the knee joint. 
Adding the standing long jump to single-leg landing into 
the training plan of figure skaters is important to reduce 
knee injury risk.

VARIATION

Standing Long Jump to Vertical Jump
This variation begins as the previous exercise does, but you land with both 
feet and then immediately perform a vertical jump, then again land with both 
feet, absorbing the impact and landing as quietly as possible.
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E8398/Potach/F 08.12a/686657/revised/R2

Rectus femoris

Vastus medialis

Vastus lateralis

Vastus
intermedius

LEG EXTENSION

Execution

1. Sit on the machine with your knees aligned with the axis of the machine.

2. Note: If the back pad is adjustable, move it to align the knees with the 
axis of the machine and position the buttocks and thighs so that the 
backs of the knees are touching the front end of the seat.

3. Hook the front of the ankles under the ankle pad or pads.

4. Note: If the pad is adjustable, position it so it is in contact with the instep 
of the foot.

5. Keeping your thighs, lower legs, and feet parallel to each other, extend 
your knees until they are straight.

6. Allow your knees to slowly flex back to the starting position.

Muscles Involved
Primary: Quadriceps (rectus femoris, vastus lateralis, vastus medialis, 
vastus intermedius)

Secondary: None
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E8398/Potach/Fig. 08.12ci/686659/HR/R2

E8398/Potach/F 08.12b/686658/revised/R2

PREVENTIVE FOCUS
This exercise has previously been viewed as controversial in the rehabilitation 
and injury prevention setting because of the notion that it is not “functional” 
and that it can cause a reconstructed ACL to loosen because of anterior shear-
ing (which the ACL limits). However, it is the best exercise we are aware of 
to isolate the quadriceps. Because this motion is rarely used in sport 
or daily life, it can be viewed as nonfunctional; however, it is possible 
to perform more functional exercises (e.g., the back squat) but mini-
mize use of the quadriceps muscles. This is especially important in 
building tolerance to loads at the patellar tendon and in reducing 
the risk of repeated ACL tears. Further, there is limited (if any) 
research that concludes any anterior shear that might occur has 
a deleterious effect to the ACL.

Any sport that involves the use of the lower extremities 
benefits from the inclusion of the leg extension exercise 
in a training program designed to reduce patellofemoral 
injury risk. Runners are a good example of athletes who 
commonly experience patellofemoral pain and would 
benefit from performing the leg extension. This is espe-
cially true when running downhill; there is a significant 
eccentric component involved in braking during downhill 
running.

VARIATIONS

Kettlebell Leg Extension
This exercise is very similar to the leg extension as 
described, but with two primary differences: It is a sin-
gle-leg exercise, and it uses a kettlebell for resistance 
rather than a machine. For the kettlebell leg extension, 
sit with your thighs supported on a chair, bench, or 
box, and place the toes of one foot in the handle 
of a kettlebell. Maintaining contact with the sitting 
surface, extend your knee until it is straight, then 
allow your knee to slowly flex back to the starting 
position.

Nordic Quadriceps Exercise
Often referred to as the reverse Nordics, the Nordic quadriceps exercise is 
really the opposite of the hamstring variation—and, as its name indicates, 
its focus is on the quadriceps and not the hamstrings. To perform, begin in 
a tall kneeling position on the floor. Maintaining a straight line from your 
knees to shoulders, slowly lean back by flexing your knees. While lowering, 
you should start to feel a stretch in your anterior thighs. Continue leaning as 
far back as possible, then contract your quadriceps muscles to return to the 
starting position.
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E8398/Potach/09.6b/686669/JenG/R2 LEG, ANKLE,  
AND FOOT

The leg, ankle, and foot are three distinct anatomical areas with significant 
overlap and interaction among them (see figure 9.1). Each area and joint will 
be discussed, with specific muscle and joint considerations provided in each.

9

E8398/Potach/Fig. 09.01/686661//HR/R1

Fibula

Tibia

Calcaneus

Metatarsals

Phalanges
Plantar fascia

FIGURE 9.1 Anatomy of the leg, ankle, and foot.
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LEG
The leg is the inferior part of the lower limb, between the knee and ankle 
joints. Although the entire lower limb is commonly referred to as the leg, only 
the area between the knee and ankle joints is the anatomical leg. The tibia and 
fibula are the bones of the leg, with the tibia being the primary weight-bearing 
bone of the leg. Superiorly, the tibia articulates—forms a joint with—with the 
condyles of the femur (covered in chapters 7 and 8) and inferiorly with the 
talus (covered later in this chapter). Though it does bear a small amount of 
weight, the main purpose of the fibula is to serve as a place of attachment 
for the muscles of the leg. The leg has three compartments—anterior, lateral, 
and posterior—with different muscles and structures in each.

The anterior compartment has four muscles, each of which is primarily 
concerned with dorsiflexion of the foot at the ankle joint and extension of 
the toes (see figure 9.2).

• Tibialis anterior. This muscle originates from the superior half of the lateral 
surface of the tibia and inserts at the base of the first metatarsal bone and 
medial cuneiform bone. Its primary function is dorsiflexion of the foot at the 
ankle joint, but it also inverts the foot. Though other muscles assist with these 
actions, tibialis anterior is the chief muscle to dorsiflex and invert the foot.

• Extensor digitorum longus. This 
muscle lies immediately lateral to tib-
ialis anterior and forms four tendons, 
which diverge on the top of the foot 
to the lateral four toes. Originating 
from the lateral condyle of the tibia 
and superior three-quarters of the 
anterior surface of the fibula, exten-
sor digitorum longus inserts on the 
middle and distal phalanges of the 
lateral four toes. As its name indi-
cates, this muscle is responsible for 
extension of these toes. Because of its 
anterior location, it also assists with 
dorsiflexion of the foot at the ankle.

• Peroneus tertius. This muscle 
has its origin on the inferior third 
of the anterior surface of the fibula 
and inserts on the base of the fifth 
metatarsal bone (top side). Though 
it also assists with dorsiflexion, the 
primary function of peroneus tertius 
is eversion of the foot at the ankle.

E8398/Potach/F 09.02/686662/revised/R1

Peroneus
longus

Tibialis
anterior

Extensor 
hallucis longus

Peroneus
brevis

Extensor
digitorum longus

Peroneus
tertius

FIGURE 9.2 Anterior muscles of the leg.
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• Extensor hallucis longus. This muscle originates from the middle part of the 
anterior surface of the fibula and inserts on the base of the distal phalanx of 
the big toe. Its primary function is extension and hyperextension of the big 
toe, but it also assists with dorsiflexion of the foot.

The lateral compartment of the leg has only two muscles, both of which 
evert the foot. Both muscles lie posterior to the lateral malleolus; because of 
this position, both assist with plantarflexion (pointing the foot down) as well 
(see figure 9.2).

• Peroneus brevis. This muscle originates from the inferior 2/3 of the lateral 
surface of the fibula and inserts on the base of the fifth metatarsal bone and 
the tuberosity on the lateral side.

• Peroneus longus. This muscle originates from the head and superior two-
thirds of the lateral surface of the fibula and inserts on the base of the first 
metatarsal bone and medial cuneiform bone (located behind the first meta-
tarsal); these insertions are near those of tibialis anterior.

The posterior compartment of the leg has several muscles. The first three 
are more superficial and the second group of three are the deep muscles of 
the posterior leg compartment (see figure 9.3).

• Gastrocnemius. This is the most 
superficial muscle of the posterior com-
partment and has two heads: The lateral 
head originates from the lateral aspect 
of the lateral condyle of the femur and 
the medial head originates from the 
popliteal surface (area of the “back of 
the knee”) of the femur, superior to 
the medial condyle of the femur. The 
two heads form a single muscle less 
than halfway down the calf, where it 
becomes a wide, flat tendon to insert 
on the posterior calcaneus via the 
Achilles tendon. The primary action of 
gastrocnemius is plantarflexion of the 
foot at the ankle joint. Because of its 
unique origin proximal to the knee, it 
also assists with flexion of the leg at 
the knee joint. However, any muscle 
that crosses two joints has a significant 
disadvantage when attempting to simul-
taneously act maximally at both joints, 
therefore, to plantarflex with maximal 
force, gastrocnemius must not be flex-
ing the knee.
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• Soleus. Named for its resemblance to the sole fish, this muscle originates 
from the posterior aspect of the head of the fibula, superior 1/4 of the posterior 
surface of the fibula, soleal line of the tibia, and medial border of the tibia. Like 
gastrocnemius, it inserts on the posterior calcaneus via the Achilles tendon. As 
the largest muscle of the leg, soleus is a very strong muscle and works with 
gastrocnemius to plantarflex the foot at the ankle joint.

• Plantaris. This small muscle originates superior to the lateral condyle of 
the femur and the lateral head of the gastrocnemius and inserts on the pos-
terior calcaneus, just superior to the insertion of the Achilles tendon. Though 
it can become injured, plantaris is primarily a proprioceptive organ and has 
minimal plantarflexion capabilities.

• Flexor hallucis longus. This deep muscle originates from the lower 2/3 of 
the posterior surface of the fibula and inserts on the base of the distal phalanx 
of the big toe and two sesamoid bones; these floating bones lie on either side 
of the tendon to protect it as it crosses the first metatarsal head. The flexor 
hallucis longus flexes the big toe and offers a limited amount of plantarflexion 
of the foot at the ankle joint.

• Flexor digitorum longus. This deep muscle originates from the posterior 
surface of the tibia, inferior to the origin of soleus, and inserts on the bases of 
the distal phalanges of the lateral four toes (i.e., toes 2-5). It flexes these toes.

• Tibialis posterior. This deep muscle originates from the posterior surfaces 
of both the fibula and tibia and inserts on the navicular tuberosity, cuneiform, 
and cuboid bones, and the bases of the second, third, and fourth metatarsal 
bones. Its primary action is supination and inversion of the foot (especially 
while plantarflexed) and offers a limited amount of plantarflexion of the foot 
at the ankle joint.

Because of their heavy use during both daily and sporting tasks, the most 
common injuries to the leg involve either muscles or tendons. These mus-
culotendinous structures are used tens of thousands of times per day, and 
that number only increases with athletic practices or games.

Calf Strain
Strains to the gastrocnemius, soleus, and plantaris (collectively referred to as 
calf strains) occur in sports involving high-speed running, long distance run-
ning, and rapid acceleration and deceleration. Though injuries to the soleus are 
likely underreported (Draghi et al. 2021), strains in this area most commonly 
occur in either the medial head of the gastrocnemius or near the musculo-
tendinous junction with the Achilles tendon. Gastrocnemius is a two-joint 
muscle like the hamstrings and rectus femoris muscles; because it functions 
at two joints and undergoes rapid changes, it may be more susceptible to 
injury. Athletes that are more likely to experience calf muscle strain include 
those participating in tennis, football, and running. On occasion, many will 
feel a pop in the posterior leg. This is sometimes referred to as tennis leg and, 
though it was originally thought to be an injury to plantaris (Powell 1883), 
it is more likely a strain of the medial head of gastrocnemius (Harwin and 
Richardson 2016).
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Achilles Tendinopathy
The Achilles tendon is quite large and connects the gastrocnemius and soleus 
muscles to the calcaneus. Its size allows it to both resist great forces and to 
play an important role in transmitting force from those muscles to the foot 
and ankle. Irritation of this tendon is a common injury caused by repetitive 
energy storage and release. Though many refer to this as Achilles tendinitis, this 
term is misleading: As mentioned with the patellar tendon in chapter 8, the 
inflammation seen in injured tendons is unique and likely does not indicate 
a traditional inflammatory response. More than 50 percent of Achilles tendi-
nopathies occur near the middle of the tendon, with a smaller portion—25 
percent—occurring at its attachment to the calcaneus (De Jonge et al. 2011). 
More recent research has implicated plantaris as a contributor to reported 
Achilles pain (Olewnik et al. 2017). Activities that require repeated, forceful 
contractions of the calf muscles (e.g., running, basketball, soccer, football) are 
more likely to be associated with Achilles tendinopathy.

Shin Splints
Although calf muscle strains and Achilles tendinopathy occur posteriorly, pain 
on the anterior and medial aspects of the leg have been generally referred 
to as shin splints. Shin splints has been associated with each of the following 
structures:

• Tibialis anterior

• Tibialis posterior

• Flexor hallucis longus

• Flexor digitorum longus

• Tibial shaft

• Tibial periosteum

The medical diagnosis associated with shin splints is known as medial tibial 
stress syndrome. As such, the most commonly involved structures are tibialis 
posterior and the tibia. Tibialis posterior is responsible for slowing pronation 
(a combination of eversion, dorsiflexion, and abduction of the foot) when 
an athlete’s foot contacts the ground; repeated landing without sufficient 
training of this muscle can lead to injury. When the tibia is involved, it can 
begin as an irritation of the periosteum and, if untreated, can progress to a 
stress fracture. It is most common in sports and activities involving running 
or repeated jumping and landing (e.g., dance) and is typically an overuse 
injury resulting from doing too much activity with too little training. There 
are several treatments for this diagnosis, but prevention—through thoughtful 
training and strengthening of specific muscles, like the tibialis posterior—is 
the preferred approach.
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ANKLE
The ankle joint joins the leg and foot and is formed by three bones: the tibia 
and fibula of the leg and the talus of the foot. The tibia and fibula are con-
nected by several ligaments and an interosseous membrane that runs between 
the two bones (see figure 9.4). Distally, they form a bracketlike socket known 
as a mortise. The talus of the foot articulates with the mortise formed by the 
tibia and fibula. The primary motions of the ankle are dorsiflexion and plan-
tarflexion, but inversion and eversion also occur. It is these latter two motions 
that result in the majority of injuries at the ankle joint.

Laterally, the ankle derives stability from three separate ligaments: the ante-
rior and posterior talofibular ligaments and the calcaneofibular ligament (see 
figure 9.4). These ligaments collectively resist and protect against inversion 
stresses. Medially, the ankle is stabilized by the stout deltoid ligament, which 
is comprised of four separate ligaments that form a triangle connecting the 
tibia to the foot (specifically the navicular, calcaneus, and talus bones). This 
group of medial ligaments resists and protects against eversion stresses.
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Though the ankle’s structure of bones and ligaments would seem to provide 
sufficient protection against injury, this joint is one of the most commonly 
injured in sports. Because of this, extra attention is needed to reduce injury risk.

Ankle Sprain
Ankle sprains—a grade I, II, or III tearing of ligaments, depending on sever-
ity—are one of the most common injuries in sport (Fong et al. 2007) and can 
occur in three primary ways:

• Inversion sprain. This is the most common type of ankle sprain and occurs 
with extreme inversion; it is so common that it has been estimated that up 
to 70 percent of the general population have experienced an inversion ankle 
sprain during their lifetime (Hiller et al. 2012). This injury involves up to three 
lateral ligaments: anterior talofibular (the most frequently injured), calcane-
ofibular, and posterior talofibular. Inversion ankle sprains commonly occur in 
sports requiring quick, explosive changes of direction like basketball, soccer, 
volleyball, and football. A history of a previous inversion sprain is the greatest 
risk factor for this injury.

• Eversion sprain. Though the inside (medial) ankle ligaments—collectively 
the deltoid ligament—are strong, they can become injured with extreme 
eversion.

• Syndesmotic sprain. This is also referred to as a high ankle sprain and involves 
the distal tibiofibular syndesmosis—the fibrous joint between the tibia and 
fibula—and other ligaments between the distal tibia and fibula. Though a 
syndesmotic sprain can occur with any ankle motion, the most common are 
extreme external rotation or dorsiflexion of the talus. This injury is common 
in football, ice hockey, skiing, and wrestling (Nussbaum et al. 2001).

FOOT
The foot can be divided into several regions, but the most common divisions 
are the hindfoot, the midfoot, and the forefoot. The hindfoot is just distal to 
(beyond) the ankle joint and stops at the talonavicular and calcaneal-cuboid 
joints (often collectively referred to as the transverse tarsal joint). The bones of the 
hindfoot are the talus and the calcaneus. The midfoot begins at the transverse 
tarsal joint and ends where the metatarsals begin. This is commonly referred 
to as the tarsometatarsal (TMT) joint. There are several joints of the midfoot, 
but many offer only limited movement. The five bones of the midfoot are the 
navicular, the cuboid, and the medial, middle, and lateral cuneiforms. The 
forefoot has five metatarsals, two sesamoid bones, and 14 phalanges. The four 
lesser toes each have proximal, middle, and distal phalanges, which improve 
their ability to grip and help with balance. The big toe, however, has only 
a proximal and distal phalanx, which provides stiffness that—provided it is 
not too stiff—helps with propulsion when walking, running, and sprinting.



162 SPORT INJURY PREVENTION ANATOMY

The bones of the foot form three arches: the medial longitudinal arch, 
lateral longitudinal arch, and transverse arch. The arches help to absorb the 
shock produced during landing, running, and walking. Further, because they 
are flexible, they allow the foot to accommodate or adjust to uneven terrain. 
These arches are supported passively by the bones themselves, but also by 
various ligaments and the plantar aponeurosis (commonly referred to as the 
plantar fascia—see figure 9.1). Active support and movement of the arches is 
provided by several small intrinsic muscles.

Pronation and Supination
Special mention must be made of two foot and ankle motions given a lot of 
attention in publications and by medical professionals: pronation and supination. 
Pronation is three coordinated movements of the calcaneus and foot—calcaneal 
eversion, forefoot abduction, and ankle dorsiflexion—in each plane of motion 
(frontal, transverse, and sagittal). Supination is essentially the opposite of pro-
nation and also involves three movements in each plane of motion—calcaneal 
inversion, forefoot adduction, and ankle plantarflexion. Pronation and supina-
tion are normal motions and do not indicate injury or abnormal movement 
mechanics. The foot has two important functions when walking and perform-
ing sporting activity (including running, sprinting, jumping, and landing). The 
first is to adjust the foot to alterations in the ground surface while reducing 
the impact experienced by the rest of the body following ground contact. This 
is pronation; without this coordinated motion, athletes are at risk for other 
lower body injury. However, in addition to absorbing shock and adapting to 
the surface, the foot must also transmit force from the muscles of the lower 
leg to provide propulsion during push-off. For this, the foot must function as 
a rigid lever. This is supination; without this, the muscles of the foot and leg 
would lose efficiency and risk injury by absorbing loads instead of transferring 
them into the ground.

There are many small muscles located entirely in the foot. These muscles 
help move the toes and stabilize the foot. Because they originate and insert 
within the foot (i.e., not proximal to the ankle), these muscles are collectively 
referred to as intrinsic foot muscles (see figure 9.5). Two of these muscles are 
located on the top of the foot (extensor hallucis brevis and extensor digito-
rum brevis), and the remaining 10 muscles are located on the plantar aspect 
of the foot. These plantar muscles help to abduct, adduct, and flex the toes 
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Abductor 
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and are (from superficial to deep): abductor hallucis, flexor digitorum brevis, 
abductor digiti minimi, quadratus plantae, lumbricals, flexor hallucis brevis, 
flexor digiti minimi, adductor hallucis, plantar interossei, and dorsal interossei.

Because of its inherent mobility and important role in daily life and sport, 
several injuries can occur in the foot. One of the most common involves the 
superficial connective tissue, the plantar fascia.

Plantar Fasciitis
Plantar fasciitis is painful irritation of the plantar fascia at its origin on the 
medial calcaneal tuberosity. Though traumatic injury is possible, this is more 
commonly an overuse injury and tends to occur in athletes who perform 
large volumes of running, like long distance runners and soccer players. Foot 
posture—specifically overpronation—has been linked with plantar fasciitis. 
However, the research on this is mixed, with some studies finding an associ-
ation (Aranda and Munuera 2014) and other studies concluding there is not 
a relationship (Landorf et al. 2021).
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FIGURE 9.5 Intrinsic muscles of the foot: (a) superficial dissection; (b) intermediate dissection; (c) deep 
dissection.

b ca



164 SPORT INJURY PREVENTION ANATOMY

P
O

S
T

E
R

IO
R

 L
E

G

HEEL RAISE
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Execution
1. With the balls of your feet positioned at the edge of a step, stand with 

your feet and legs parallel to each other and your knees straight.

2. Allow your heels to drop down lower than the step in a comfortable, 
stretched position.

3. Keeping your knees straight and feet parallel, fully plantarflex your feet 
and ankles to rise up on your toes.

4. Allow your heels to slowly lower back to the starting position.

5. Note: Avoid rolling your ankles outward at the top of the motion.

Muscles Involved
Primary: Gastrocnemius, soleus

Secondary: Plantaris, tibialis posterior, flexor digitorum longus, flexor 
hallucis longus, peroneus longus, peroneus brevis
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PREVENTIVE FOCUS
The ankle plantarflexors are involved in countless sporting activ-
ities, including the explosive actions of jumping, sprinting, and 
changing direction. as well as acting eccentrically when decel-
erating and absorbing the forces when landing. By targeting 
these muscles, the plantarflexors (specifically gastrocnemius 
and soleus) and Achilles tendon are better conditioned to tolerate 
the aforementioned stressors.

Gymnastics requires its athletes to rise up onto their toes during 
several activities. Leaping during a tumbling pass, sprinting on 
the vault, turns on the balance beam, and dismounting from 
all apparatuses involve the muscles involved in the heel raise. 
Whether the goal is control, propulsion, or even eccentric 
function (as during a landing), performing the heel raise helps 
strengthen the posterior leg muscles and tendons, prepare 
other structures of the foot and ankle to tolerate those types 
of movements, and reduce the risk of foot and ankle injury.

VARIATIONS

Single-Leg Heel Raise
This exercise is performed the same way as the heel raise, but with only one 
leg at a time. By using only one lower extremity, the single-leg heel raise is 
more intense and challenging than the standard heel raise.

Seated Heel Raise
The seated heel raise is performed the same way as the heel raise, but in a 
seated position. Sit on a chair (or in a special seated heel raise machine) with 
your thighs parallel to each other, knees flexed to 90 degrees, and the balls 
of your feet at the edge of a step. You may place a weight on the top of each 
thigh for additional resistance. Allow your heels to drop down lower than 
the step in a comfortable, stretched position; fully 
plantarflex your feet and ankles, and then allow 
your heels to slowly lower back to the starting 
position. By sitting with your knees flexed to 90 
degrees, this limits the ability of the gastrocnemius 
to perform the exercise and allows the soleus to be 
the primary muscle involved, which is especially 
important for running-focused activities.

E8398/Potach/Fig. 09.06cii/686672/HR/R1
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Execution

1. Assume a comfortable, upright stance with your feet shoulder- to hip-
width apart.

2. Using your arms and shoulders to assist with the motion, jump up using 
only the lower portion of your legs. This involves slight flexion and 
extension of the knee but relies primarily upon plantarflexion of the 
ankle and foot.

3. Once in the air, dorsiflex your ankles.

4. Land on your full feet, then immediately jump back up, with most of 
the motion coming from the ankle and foot joints.

5. Note: To maximize movement elasticity, maintain the described locked 
position of the feet throughout to ensure sturdy contacts and quick, 
elastic takeoffs. Minimize horizontal and lateral movements (forward 
and backward or side-to-side).
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Muscles Involved
Primary: Gastrocnemius, soleus

Secondary: Plantaris, tibialis posterior, flexor digitorum longus, flexor hal-
lucis longus, peroneus longus, peroneus brevis, quadriceps (rectus femoris, 
vastus lateralis, vastus medialis, vastus intermedius)

PREVENTIVE FOCUS
There are several benefits to the pogo exercise. One of 
the primary purposes is to enhance landing and takeoff 
mechanics from the ankle, as well as the knee and hip. 
In addition, this exercise helps you to direct forces 
downward into the ground; this impact (and resultant 
ground reaction force) is an important stressor the 
body must learn to navigate.

The pogo helps prepare the muscles and tendons for 
sprinting by preferentially targeting the ankle and foot 
with repeated hops instead of the knee and hip. Fur-
ther, having the athlete dorsiflex the ankles during 
the flight phase of this exercise helps reinforce the 
efficient “toes up” position during sprinting.

VARIATION

Single-Leg Pogo
This exercise is performed the same way as the pogo, 
but on a single leg. Assuming the same comfortable, 
upright stance, flex one thigh at the hip with the ankle 
dorsiflexed. Your knee should be held above hip level, 
with your heel in front of the supporting knee. Using your arms and shoulders 
in an upward motion, jump up using only the lower portion of the standing 
leg. Land on the full foot, then immediately jump back up, with most of the 
motion coming from the ankle and foot joints.
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Execution

1. Lift one leg to approximately 90 degrees of hip and knee flexion.

2. Begin with a countermovement on one leg and jump up and forward 
on that leg. The free leg should remain in the starting flexed position 
until landing.

3. Land in the starting position on the same leg. 

4. Immediately repeat the skip with the opposite leg.

Muscles Involved
Primary: Gastrocnemius, soleus

Secondary: Plantaris, tibialis posterior, flexor digitorum longus, flexor 
hallucis longus, peroneus longus, peroneus brevis



169LEG, ANKLE, AND FOOT

P
O

S
T

E
R

IO
R

 L
E

G

E8398/Potach/F 09.08b/686677/revised/R1

PREVENTIVE FOCUS
The skip is a very good exercise to work on the muscles that help you stride 
while also helping to direct forces downward into the ground; this impact 
(and resultant ground reaction force) is an important stressor the body must 
learn to navigate. One other benefit is to train the muscles, joints, and other 
structures to tolerate the quick impacts and rebounds required in many sports 
and reinforce the explosiveness required when sprinting and performing 
other sporting motions. Every athlete in sport that involves running benefits 
from the skip.

VARIATIONS

There are several variations for the skip, but three are the fast skip, backward 
skip, and side skip.

Fast Skip
The fast skip, though similar to the traditional skip, is more closely related to 
a drill to improve acceleration mechanics. The focus here is to emphasize the 
upward drive of the knee of the free leg during the swing and the hip exten-
sion from the stance leg. As you drive the lead toes up, the bottom of your 
foot should graze the ground as it swings forward. The movement finishes 
with the foot under the posterior thigh. The focus of the fast skip is extension 
of the thigh, recovery, high cadence, and forward propulsion (not distance).

Backward Skip
This exercise is performed the same way as the skip, but the initial (and sub-
sequent) jump is backward instead of forward. By jumping backward, there is 
an added degree of coordination required. Further, there is a greater eccentric 
load on the Achilles tendon and involved muscles during each landing.

Side Skip
This exercise is performed the same way as the skip, but the initial (and sub-
sequent) jump is lateral instead of forward. This exercise also requires greater 
coordination and also challenges the ankle joint of the lead leg to tolerate 
inversion stress without injury.
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Execution

1. With your feet and legs parallel to each other, lift one leg to approxi-
mately 90 degrees of hip and knee flexion.

2. Keeping the stance knee straight, fully plantarflex that foot and ankle 
to rise up on your toes.

3. Maintain this position for the prescribed time, then allow the heel to 
slowly lower back to the starting position.

4. Note: Avoid rolling the ankles outward at the top of the motion.
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Muscles Involved
Primary: Gastrocnemius, soleus

Secondary: Plantaris, tibialis posterior, flexor digitorum longus, flexor 
hallucis longus, peroneus longus, peroneus brevis

PREVENTIVE FOCUS
Relevé is a dance term that means “to rise up.” Though tradi-
tionally performed with the feet turned out and starting in 
a bent knee position (i.e., plié), we use the term relevé hold 
to describe a heel raise that is held at the top. Performing 
isometric exercises helps to strengthen and improve the 
muscular endurance of the plantarflexors (specifi-
cally gastrocnemius and soleus) and the Achilles 
tendon, which is a necessary component of many 
activities.

Ballet dancers are very prone to foot and ankle inju-
ries. Sometimes this is due to poor technique (e.g., sickling, 
or rolling the ankle outward, during relevé); sometimes it is 
simply the repetitive nature of ballet. Performing the relevé 
with proper form as part of a training program is one way 
to reduce that risk of injury. Adding a hold at the top of the 
movement both reinforces the proper position and, via the 
associated isometric contraction, helps to strengthen the 
muscles, tendons, and other structures involved. Though 
the movement is specific to ballet and even gymnastics, 
the relevé hold should be included in all Achilles tendon 
or ankle injury prevention programs.

VARIATION

Relevé Landing Hold
In this variation, you jump up with both feet and land on one foot in the 
relevé position. Upon landing, maintain this position for a specified period of 
time. Like the relevé hold, this variation improves muscular endurance, but the 
landing introduces impact, a stressor athletes frequently encounter in sport.
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RESISTANCE BAND INVERSION
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Execution

1. Sit on a table, bench, or floor with your legs straight in front of you.

2. Loop a resistance band around the inside of one foot; the other end 
can be affixed to a post or held by a partner.

3. Keeping the resistance band around the inside of your foot and without 
allowing your leg or thigh to move, slowly move the foot inward as far 
as is comfortable.

4. Slowly allow the foot to move outward as far as is comfortable.

Muscles Involved
Primary: Tibialis posterior

Secondary: Tibialis anterior
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PREVENTIVE FOCUS
Tibialis posterior is an important muscle because it helps to invert the ankle, 
but more importantly, it acts eccentrically to slow pronation of the foot when 
landing from a jump or when running. This muscle, like tibialis anterior, has 
been associated with shin splints. Runners would benefit from this inversion 
exercise.

E8398/Potach/F 09.10b/686685/revised/R1

VARIATION

Resistance Band Inversion With Plantarflexion
This exercise is performed the same way as resistance band inversion, but with 
the ankle plantarflexed throughout the motion. This position better isolates 
tibialis posterior, because tibialis anterior is unable to offer the same assistance.



174 SPORT INJURY PREVENTION ANATOMY

A
N

T
E

R
IO

R
 L

E
G

E8398/Potach/F 09.11a/686687/revised/R1

Tibialis anterior

Extensor digitorum
longus

Extensor hallucis
longus

HEEL WALK

Execution

1. Assume a comfortable, upright stance with your feet shoulder- to hip-
width apart.

2. Dorsiflex your ankles to lift the toes and balls of both feet off the ground.

3. Maintaining this foot and ankle position, walk a specified distance.

Muscles Involved
Primary: Tibialis anterior

Secondary: Extensor digitorum longus, extensor hallucis longus
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PREVENTIVE FOCUS
By strengthening the ankle dorsiflexors, athletes are able to prepare these 
muscles for sporting activity. Specifically, these muscles dorsiflex (lift) the ankle 
during the flight phase of running and sprinting and help to control and slow 
ankle plantarflexion with each contact with the ground while running. As with 
resistance band inversion, running is an obvious sport whose athletes would 
benefit from practicing the heel walk in training programs. By strengthening 
the anterior muscles, they are better able to tolerate the repeated dorsiflexion 
required when running.

VARIATION

Manual Eccentric Dorsiflexion
Sit on a table, bench, or floor with your leg in front of you, knee straight. 
Have a partner grasp the top of the foot and pull it down into a plantarflexed 
position while you resist this motion. This exercise results in a strong eccen-
tric muscle action of the ankle dorsiflexor. As mentioned previously, this is 
important to help control ankle plantarflexion just after initial contact with the 
ground when running. Therefore, this can be used as a sport-specific exercise.
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RESISTANCE BAND EVERSION

E8398/Potach/Fig. 09.12a/686690/HR/R1

Peroneus
longus

Peroneus
brevis

Peroneus
tertius

Execution

1. Sit on a table, bench, or floor with your leg straight in front of you.

2. Loop a resistance band around the outside of the foot; the other end 
can be affixed to a post or held by a partner.

3. Keeping the resistance band around the outside of your foot and with-
out allowing your leg or thigh to move, slowly move the foot outward 
as far as is comfortable.

4. Slowly allow the foot to move inward as far as is comfortable.

Muscles Involved
Primary: Peroneus longus, peroneus brevis, peroneus tertius

Secondary: None
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PREVENTIVE FOCUS
Inversion ankle sprains are very common in sports that require frequent 
changes of direction or running on uneven terrain. For example, trail runners 
often encounter either holes or obstacles such as exposed roots or rocks. 
When encountering these, the ankle may invert farther than the joint structure 
allows, resulting in a sprain of the lateral ankle ligaments. Strengthening the 
ankle evertors improves overall ankle stability, which is especially helpful in 
reducing the risk of an inversion ankle sprain.

E8398/Potach/09.12b/686691/JenG/R1

VARIATION

Isometric Eversion
Assume the same seated position with your feet straight out in front of you 
and place the outside of your foot against an immovable object, like a wall. 
Without allowing your leg and thigh to move, push the outside of your foot 
into the wall with as much effort as possible. Hold for a specified period, relax, 
and repeat. Like resistance band eversion, this exercise works on the strength 
of the ankle evertors. By using an isometric muscle action, the potential to 
generate greater force is possible.
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Foot intrinsic muscles

Execution

1. Sit with your knees flexed to 90 degrees and your ankle in a neutral 
position.

2. Without curling your toes, attempt to bring the head of the first met-
atarsal (the bone in the foot just behind the big toe) toward the heel 
(i.e., “shorten” the foot).

3. Note: The forefoot and heel should not get off the ground.

Muscles Involved
Primary: Foot intrinsic muscles (extensor hallucis brevis, extensor digito-
rum brevis, abductor hallucis, flexor digitorum brevis, abductor digiti minimi, 
quadratus plantae, lumbricals, flexor hallucis brevis, adductor hallucis, flexor 
digiti minimi, plantar interossei, dorsal interossei)

Secondary: None
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PREVENTIVE FOCUS
Training the intrinsic foot muscles has been demonstrated to reduce the risk 
of running-related injuries by more than two times (Taddei et al. 2020). Per-
forming these exercises will help to reduce the risk of injury to all athletes 
who perform a lot of running, sprinting, jumping, and landing.

The short foot exercise (and the following variation) help to strengthen the 
intrinsic foot muscles. By doing this, those muscles are better able to support 
all of the foot’s arches and joints, thereby reducing the risk of foot injuries. 
Because ballet dancers experience frequent foot injuries, they would particu-
larly benefit from this exercise.

E8398/Potach/F 09.13b/686695/revised/R2

VARIATION

Arch Lift
Though similar to the short foot exercise, the arch lift focuses on increasing 
the arch height. In a seated position with your foot flat on the floor, raise the 
plantar arch in an arch shape. Keep your heel and toes on the ground.
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BAREFOOT WALK

E8398/Potach/Fig. 9.14a/686697/HR/R1

Foot intrinsic muscles

Execution

1. Remove your shoes and assume a comfortable, upright stance with your 
feet shoulder- to hip-width apart.

2. Begin walking forward at a comfortable, self-selected pace.

3. Continue for a specified distance or time; we suggest beginning with 
5 minutes.

4. Note: Inspect the walking surface and area prior to removing shoes to be 
sure all debris and any dangerous objects are out of the walking path.

Muscles Involved
Walking uses many muscles. Those listed below are responsible for walking. 
When used to reduce foot and ankle injuries, it is those that are italicized this 
exercise focuses on.



181LEG, ANKLE, AND FOOT

F
O

O
T

Primary: Quadriceps femoris, hamstrings, gluteus maximus, gluteus 
medius, gastrocnemius, soleus, flexor hallucis longus, flexor digitorum longus, 
tibialis posterior, tibialis anterior, extensor hallucis longus, extensor digitorum 
longus, peroneus tertius, peroneus brevis, peroneus longus, foot intrinsic muscles

Secondary: Pectineus, adductor longus, adductor brevis, adductor magnus

PREVENTIVE FOCUS
Footwear can support the medial longitudinal arch and other structures of 
the foot. By removing footwear, the intrinsic foot muscles (and some extrin-
sic muscles, like tibialis posterior) must provide that support. In addition to 
runners, ballet dancers benefit from barefoot walking because it strengthens 
the intrinsic foot muscles and other muscles that help support the arch (i.e., 
tibialis posterior). It also helps to strengthen the other connective tissues and 
joint structures within the foot.

Note: Barefoot running has been discussed in the research literature and 
can be an efficacious training mode to challenge joint stability and improve 
running and muscular efficiency. However, the time required to begin such a 
program is beyond the scope of this textbook and will not be covered.
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E8398/Potach/03.07b/686488/JenG/R1 WARM-UP 
FOR INJURY 

PREVENTION
Warming up prior to physical activity is the standard method of preparing 
the body for exercise, training, or competition. Performing a warm-up can 
improve exercise and sport performance (Fradkin et al. 2010) and may reduce 
injury risk (Fradkin et al. 2006; McGowan et al. 2015; Shrier 1999, 2000; Silva 
et al. 2018). Some of the specific benefits include

• improved rate of force development (Asmussen et al. 1976; Swanson 
2006),

• faster muscle contraction (Hoffman 2002),

• increased strength and power (Bergh and Ekblom 1979; Enoka 2015; 
Takeuchi et al. 2021),

• increased flexibility (Takeuchi et al. 2021),

• faster running speed (Gil et al. 2020),

• increased blood flow and oxygen delivery to involved muscles (McAr-
dle et al. 2014), and

• enhanced mental preparedness (Bishop 2003).

However, it is important to determine the goals of the warm-up. Common 
goals include preparing for activity, improving flexibility, and reducing injury 
risk. This chapter will discuss the warm-up both as a way to prepare for 
movement as well as reduce injury risk. We will use a stepwise approach 
to take you from a general warm-up to an injury prevention warm-up to an 
activity-specific warm-up (Darrall-Jones et al. 2021; see figure 10.1). Each of 
these phases increases in intensity while also becoming more sport specific.

10
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Stepwise Approach to Warm-Up

General Warm-Up

These exercises prepare athletes for activity by increasing the temperature 
of the general body through the use of common, general movements. Each 
of these exercises are performed at submaximal levels for 5 to 10 minutes.

Examples
1. Running
2. Cycling
3. Walking

Injury Prevention Warm-Up

The following exercises target commonly injured areas for specific sports. 
Exercises for the injury prevention warm-up are performed in 1 to 2 sets of 
10 repetitions each.

Examples
1. Nordic hamstring curl (see chapter 7, page 117)
2. Side plank (see chapter 5, page 74)
3. Single-leg squat (see chapter 7, page 136)
4. Heel raise (see chapter 9, page 164)
5. Copenhagen hold with leg lift (see chapter 7, page 127)

Activity-Specific Warm-Up

These exercises provide activity-specific movements to prepare the athlete for 
practices and competition. The volume and intensity of these exercise varies, 
but for those listed here, 3 to 5 repetitions of 30 meters each is common.

Examples
1. Sprint
2. Skip (see chapter 6, p. 168)
3. Shuffle (see this chapter, p. 192)
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One last benefit of the warm-up—in particular the specific warm-up—is 
post-activation potentiation (PAP), a phenomenon by which force produced 
by a muscle is increased due to a previous contraction. In other words, pro-
vided the initial muscle contraction does not result in fatigue, brief muscle 
contractions involving high loads may increase muscle performance (Stone et 
al. 2008). A common example is performing a back squat, resting briefly, then 
jumping or sprinting. In this example, the back squat potentiates (or increases) 
the subsequent performance (the jump or sprint). This text will not cover PAP 
as part of the warm-up because the focus is on injury prevention, but this is 
a valuable technique to improve athletic performance.

GENERAL WARM-UP
A common general warm-up involves 5 to 10 minutes of activity designed 
to increase the athlete’s heart rate to increase blood flow and oxygen to the 
involved muscles, as well as increase respiratory rates and improve joint 
fluidity (deVries and Housh 1995). This should be viewed as preparation for 
the injury prevention and activity-specific warm-ups to come. As the name 
indicates, the general warm-up typically includes activities that are general in 
nature, meaning they are not specific to a particular sport, exercise, or activ-
ity. However, the general warm-up likely looks different for different types 
of athletes. For example, athletes in a team sport like soccer or basketball 
might perform an easy five-minute run, whereas a weightlifter might ride a 
stationary bike for this time.

FIGURE 10.1  Warm-up order should progress from general to injury prevention to activity- 
specific warm-up exercises.E8398/Potash/Fig. 10.01/686699/HR/R1

General
warm-up
exercises

Injury prevention
warm-up
exercises

Activity-specific
warm-up
exercises
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INJURY PREVENTION WARM-UP
Following the general warm-up, the injury prevention warm-up targets com-
monly injured areas with exercises designed to reduce the risk of those given 
injuries. These exercises are similar to those provided in chapters 3 through 
9 in this text but are performed at non-fatiguing levels. Like the general 
warm-up, the injury prevention warm-up will differ based on the athlete’s 
activity or sport. For example, a soccer player will include exercises to reduce 
ACL, hamstring, and ankle injuries, whereas a baseball player will perform 
exercises to reduce shoulder and elbow injuries.

Injury Prevention Warm-Up Programs
Several warm-up programs have been developed to target common causes of 
injuries. Examples of these programs include warm-ups for running, soccer, 
basketball, and gymnastics.

In addition to sport-specific injury prevention warm-ups, specific mention 
should be made of popular injury prevention warm-up programs focused 
on reducing the risk of ACL injuries. Two of the most often used ACL injury 
prevention programs include The Santa Monica Sports Medicine Research 
Foundation’s PEP Program as well as 11+ (formerly known as FIFA 11+). 
Although different, these programs have similar approaches: Both require 
approximately 20 minutes to complete; both include running, strength, and 
plyometric exercises; and both have been shown to be effective at reducing 
injuries in the groups who adhere to the programs.

PEP
The PEP (Prevent injury and Enhance Performance) program was one of the 
first ACL injury prevention warm-up programs and “consists of a warm-up, 
stretching, strengthening, plyometrics, and sport specific agilities to address 
potential deficits in the strength and coordination of the stabilizing muscles 
around the knee joint” (Silvers and Mandelbaum 2001, p. 206). This program 
originally focused on female soccer players, but the movements and exercises 
are applicable to many other sports—like basketball, volleyball, and American 
football—as well (Herman et al. 2012; Noyes and Barber Westin 2012; Pollard 
et al. 2017; Rodríguez et al. 2018).

11+ (formerly known as FIFA 11+)
11+ has become one of the most popular ACL injury prevention programs 
used. Like the PEP program, 11+ has a soccer focus as it has been endorsed 
by the international governing body of soccer, Fédération Internationale de 
Football Association (FIFA), and its research section, FIFA Medical Assessment 
and Research Centre (F-MARC). However, the combination of running, strength, 
plyometric, and balance exercises incorporated in 11+ make it a nice program 
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to reduce ACL injury risk and is recommended to be performed prior to all 
training sessions and games (Al Attar et al. 2016; Barengo et al. 2014; Herman 
et al. 2012; Mayo et al. 2014; Rössler et al. 2019; Silvers-Granelli et al. 2015).

ACTIVITY-SPECIFIC WARM-UP
Following the general and injury prevention warm-ups is the last warm-up 
phase before the scheduled activity begins—the activity-specific warm-up. 
This warm-up shifts to those movements that are common to the athlete’s 
sport or activity and may include rehearsal of certain movements (Young and 
Behm 2002). It is performed at progressively increasing intensities and serves 
to prepare the specific muscles and movements required to achieve optimum 
neuromuscular performance (McArdle et al. 2014). Specific warm-up periods 
differ depending on the sport or activity. There are many approaches to spe-
cific warm-up periods; some examples include the following:

• Sprinting: Technique drills and specific movements (e.g., A-skip, single 
exchange, triple exchange), followed by slow to fast sprints of shorter 
distance

• Tennis: Upper and lower body exercises; bilateral and unilateral jumps; 
10-second acceleration, deceleration, and change-of-direction drills 
(2-3 sets of 6-10 repetitions; approximately 5 minutes) (Fernandez-Fer-
nandez et al. 2020)

• Team field sports (e.g., soccer, handball): Three 2-minute bouts of small-
sided games with a passive recovery of 1 minute between bouts (Dello 
Iacono et al. 2021)

FLEXIBILITY AND THE WARM-UP
A common recommendation is to include flexibility exercises in the warm-up 
session. As discussed in chapter 2, flexibility is a combination of a joint’s range 
of motion and the extensibility of the tissues surrounding the given joint. The 
most direct method to increase an athlete’s flexibility is through stretching. 
There are three types of stretching:

1. Static: Passive movement held for a set amount of time, typically 10 
to 30 seconds

2. Dynamic: Controlled movement into and out of a stretched position 
without holding at the end range

3. Ballistic: Combination of static and dynamic stretching in which an end 
position is reached, but movement (typically a bouncing movement) 
occurs
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As mentioned in chapter 2, stretching—primarily static, but also dynamic—has 
been shown to acutely decrease power production for the short time after it 
has been performed (Gremion, 2005; Opplert and Babault, 2018; Sá et al. 2015; 
Yamaguchi et al. 2006; Young and Behm 2002). To our knowledge, there is 
no research to determine if stretching over a period of weeks or after activity 
results in the same loss of power production.

If athletes do not have sufficient range of motion or tissue extensibility to 
perform their given sport or activity at the time of warm-up, stretching to 
achieve that flexibility is warranted. Examples of athletes who require great 
flexibility include gymnasts, ballet dancers, and baseball pitchers. Athletes who 
have similar flexibility requirements would benefit from pre-activity stretch-
ing. If the athlete already possesses the necessary flexibility to perform the 
movements required, stretching is not required because there is little research 
to support the use of static or dynamic stretching to prevent injuries (Shrier 
1999; Witvrouw et al. 2004).

Although stretching is not necessary for most athletes, we acknowledge 
that there is a tradition of stretching and that participating in group stretching 
activities might provide a team building opportunity for athletes. Therefore, 
we recommend that, when desired, stretching be performed after activity so 
as not to detrimentally affect strength and power production during practices 
and games.
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WALKING LUNGE
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NOTE: Four figures combined into one because the movement overlaps

Gluteus
maximus

Hamstrings:

Semitendinosus

Semimembranosus

Biceps femoris

Hip flexors:

Iliopsoas

Rectus femoris
Quadriceps:

Rectus femoris

Vastus lateralis

Vastus medialis

Vastus intermedius

Hip flexors:

Iliopsoas

Rectus femoris

Hamstrings:

Semitendinosus

Semimembranosus

Biceps femoris

Quadriceps:

Rectus femoris

Vastus lateralis

Vastus medialis

Vastus intermedius

Gluteus
maximus

Execution

1. Planting your left foot flat, take an exaggerated step forward with your 
right foot.

2. Lower toward the ground by allowing your right hip and knee to slowly 
flex and your left foot to roll up onto the ball of the foot.

3. Note: As described in chapter 8, your right knee should be lined up with 
the second and third toes of your right foot—i.e., not too far inward, not 
too far outward—and may move beyond (forward of) your right foot. Your 
weight should be balanced evenly between the balls of your left and right 
feet, and your torso should remain upright and perpendicular to the ground.

4. Forcefully push up and forward by extending your right hip and knee.

5. Lift your left foot and immediately take an exaggerated step forward, 
repeating the steps above.

Muscles Involved
Primary: Gluteus maximus, hamstrings (semitendinosus, semimembrano-
sus, biceps femoris), iliopsoas, quadriceps (rectus femoris, vastus lateralis, 
vastus medialis, vastus intermedius)

Secondary: None
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Hamstrings:

Biceps femoris

Semitendinosus

Semimembranosus

Gluteus maximus

Erector spinae:

Spinalis

Longissimus

Iliocostalis

Execution

1. Holding your arms out to the sides (90 degrees of shoulder abduction), 
bend forward at the waist while reaching and stepping back with the 
left leg.

2. Note: Avoid leaning to the side (i.e., pelvis should remain level). Your 
upper body should be almost parallel with the ground and you should 
feel a stretch in the right hamstrings.

3. Place your left foot on the ground and allow your upper body to return 
to an upright position.

4. Immediately repeat on the opposite side.

Muscles Involved
Primary: Hamstrings (semitendinosus, semimembranosus, biceps femoris), 
gluteus maximus, erector spinae (iliocostalis, longissimus, spinalis)

Secondary: None
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Gastrocnemius

Soleus

SINGLE-LEG STAIR BOUND

Execution
1. While standing on a set of stairs, drop backward to a lower step or the 

floor with your left foot.

2. As soon as your left foot contacts the lower step, immediately explode 
up and forward.

3. Land on the next step up with the right foot.

4. Repeat this sequence for the given distance or number of steps.

5. Note: As described in figure 8.4 on page 135, when landing, your knee 
should be lined up with the second and third toes of your foot—i.e., 
not too far in, not too far out.

Muscles Involved
Primary: Gastrocnemius, soleus, quadriceps (rectus femoris, vastus lateralis, 
vastus medialis, vastus intermedius), gluteus maximus

Secondary: None
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Hip adductors:

Adductor brevis

Adductor magnus

Adductor longus

Quadriceps:

Rectus femoris

Vastus lateralis

Vastus intermedius

Vastus medialis

SHUFFLE

Execution

1. Stand with your feet slightly wider than hip-width apart and your hips 
low with both knees flexed.

2. Using your right foot to push off, shuffle to the left.

3. Without allowing your feet to cross or touch, land on your left foot, then 
right foot, and immediately push off to the left with the right foot again.

4. Repeat for a prescribed distance.

5. Note: This movement should be similar to a glide, not a jump or hop.

Muscles Involved
Primary: Hip adductors (adductor longus, adductor magnus, adductor 
brevis), hip abductors, quadriceps (rectus femoris, vastus lateralis, vastus 
medialis, vastus intermedius)

Secondary: None
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ANKLE FLIP
Execution

1. Jump forward off your right leg, leading with your left leg.

2. Land on your left foot and quickly rebound and jump forward, 
minimizing ground contact time and maximizing force projected 
into the surface.

3. Note: In addition to minimizing ground contact time, the focus of 
this exercise is to minimize knee flexion while keeping your ankle 
dorsiflexed. This exercise is really a running- or bounding-type 
motion that emphasizes the rebound off the surface by focusing 
on lower body—primarily ankle—elasticity.

Muscles Involved
Primary: Gastrocnemius, soleus

Secondary: None
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E8398/Potach/04.05b/686508/JenG/R1 INJURY 
PREVENTION 

PROGRAM DESIGN
Effective injury prevention programs are similar to training programs designed 
to improve traditional measures of athletic performance, such as strength, 
power, and aerobic endurance. Just like traditional training programs, injury 
prevention programs require the manipulation of key variables that allow the 
body to adapt to the challenges presented to it, to improve the given outcome 
measure, and ultimately to reduce the risk of injury.

INJURY PREVENTION FOCUS STEPS
When designing a program to reduce the risk of injury, the focus is slightly 
different than that of a traditional training program. Both program design 
approaches start with the needs analysis, exercise selection, training frequency, 
training load and repetitions—i.e., intensity—and volume. When designing a 
program to reduce injury risk, ideal exercise order and rest periods between 
exercises have not been determined. These two variables are therefore not 
included. But a new variable—timing of the program—is listed. Therefore, the 
focus for injury prevention program design includes the following five steps:

1. Needs analysis

2. Exercise selection

3. Training frequency

4. Timing

5. Intensity and volume

11
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In addition, it is important to be mindful of the three training principles: 
specificity, overload, and progression. First, as mentioned in chapter 2, the 
training must be specific to the movements common in the athlete’s sport. 
In this case, the program design should also be specific to the structure or 
body region to which the athlete is trying to prevent injury and also consider 
the athlete’s history of injury. Next, the program must challenge the athlete 
by providing sufficient stimulus (e.g., overload via increased weight or faster 
speed) necessary for adaptation. Lastly, the program must gradually and appro-
priately become more challenging through the deliberate management—i.e., 
progression—of select training variables.

The remainder of this chapter will briefly review the five focus steps that 
must be properly attended to in order to most effectively reduce the risk of 
injury. Each step will be discussed and put into context with examples of a 
step-by-step design of an ACL injury prevention program.

Step 1: Needs Analysis
When designing a program to reduce injury risk, it is important to evaluate 
the athlete’s injury prevention needs. To do this, we conduct a needs analysis, 
which includes the following (see table 11.1):

• Sport and anatomy evaluation. Each sport and position has unique 
biomechanical or physiological requirements, and thus unique injury 
risks. Likewise, each anatomical structure is designed in such a way 
that unique movement, stabilization, and functional requirements 
exist. The goal of sport and anatomy evaluation is to determine these 
requirements (e.g., strength, muscle attachments and contraction types, 
speed of contraction, deceleration, changes of direction, joint structure).

• Injury history. Previous injury is one of the largest risk factors for both 
reinjury and subsequent injury. Reinjury is an injury following a pre-
vious injury to the same structure—for example, if an athlete sprains 
an ankle and then sprains the same ankle again three months later. 
Subsequent injury is any other injury that occurred after the initial 
injury—for example, if an athlete sprains an ankle and then injures 
the other (contralateral) ankle or an adjacent structure. Understanding 
an athlete’s injury history can guide programming to address common 
reinjuries and subsequent injuries.

• Goals and background. Each athlete has a unique background and goals 
for both general and injury prevention training. This component of 
the needs analysis allows some flexibility when designing the injury 
prevention program.
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TABLE 11.1 ACL Injury Prevention Program: Needs Analysis
SPORT AND ANATOMY EVALUATION INJURY HISTORY GOALS AND BACKGROUND
ACL runs from the femur to the tibia 
and resists anterior shear of the tibia 
in relation to the femur.

ALIGNMENT RISK FACTORS

Landing from a jump with a shallower 
knee flexion angle and greater 
dynamic valgus increases the risk of 
ACL injury.

BIOMECHANICAL RISK FACTORS

Increased knee joint loading 
increases the risk of ACL injury 
(Hewett et al. 2005; Myer et al. 2008, 
2011; Paterno et al. 2010; Quatman 
and Hewett 2009).

STRENGTH

Weakness of the hamstrings and 
hip abductor muscles increase the 
risk of ACL injury (Ford et al. 2008; 
Khayambashi et al. 2016; Knapik et 
al. 1991; Myer et al. 2004, 2008; 
Söderman et al. 2001; Withrow et al. 
2008).

If previous injury has occurred, 
quadriceps weakness has been 
associated for increased risk of ACL 
injury and osteoarthritis.

Previous ACL injury increases the risk 
of both reinjury to the same ACL and 
subsequent injury to other structures 
within the same knee or to the 
contralateral ACL. 

The goal of the program is to 
improve lower extremity alignment, 
specifically maximizing knee 
flexion and minimizing dynamic 
valgus upon landing and when 
decelerating and changing direction. 
In addition, improving the strength 
of the hamstrings and hip abductors 
reduces injury risk for those who 
have not had a previous ACL injury; 
improving quadriceps strength is 
important for those with previous 
ACL injury.

Step 2: Exercise Selection
In this step, we determine which mode of exercise will be chosen. As discussed 
in chapter 2, exercise mode refers to the type of exercise. The modes of exer-
cise covered in chapter 2 are strength training, plyometric training, speed and 
agility training, flexibility training, and aerobic endurance training. The latter 
three will be grouped here under the heading of “special training exercises,” 
which may be exercises specific to the sport or injury. Our training programs 
will focus on these modes of exercise. There is no specific research on the 
number of exercise modes to be included in an injury prevention program. 
In general, we recommend four to six strengthening exercises, three to four 
plyometric exercises, and up to four special training exercises, though this 
will vary based on the season (see table 11.2).
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Step 3: Training Frequency
Training frequency is the number of injury prevention sessions performed 
each week. Training frequency for general sports performance often changes 
depending on the time of the sporting year or season; the same is true with 
injury prevention training as well. Each season—preseason, in-season, and 
off-season—has a specific goal and training frequency (see table 11.3). The 
goal of the preseason is to maximize performance prior to competition and 
to prepare for the season ahead. General preseason preparatory conditioning 
has two important benefits: It reduces overall injury risk and improves per-
formance (Myer et al. 2005, 2007; Myer, Ford, Brent, et al. 2006; Myer, Ford, 
McLean, et al. 2006).

Though they can be convenient, in-season injury prevention strategies can 
be limited. This phase tends to be performed at a lower intensity and is often 
considered a time to simply retain the improvements of technique gained 
during the preseason.

Because strength, power, and tolerance to stressors are important for injury 
prevention, off-season is the ideal time to develop a strong conditioning base 
for the more intense training that occurs during the preseason and in-season. 
Unfortunately, injury prevention strategies often end once the season ends. To 
be sure, it can be difficult from a scheduling standpoint to coordinate injury 
prevention sessions during this period, but we advocate for continuing to focus 
on technique while simultaneously training to improve muscular strength, 
power, and endurance. Each season of the sporting year is important, but 
programs that incorporate injury prevention programming into multiple sea-
sons have the greatest positive impact on biomechanics and injury reduction 
(Gilchrist et al. 2008; Klugman et al. 2011; Myer GD, Stroube BW, DiCesare 
CA, et al. 2013; Stroube et al. 2013).

TABLE 11.2 ACL Injury Prevention Program: Exercise Selection
STRENGTH TRAINING EXERCISES PLYOMETRIC TRAINING EXERCISES SPECIAL TRAINING EXERCISES 
Back squat

Single-leg squat (and variations)

Forward lunge

Side lunge

Nordic hamstring curl

Romanian deadlift

Side plank

Drop (depth) jump

Drop (depth) jump to second box

Standing long jump to single-leg 
landing

Single-leg vertical jump

Running

Deceleration



199INJURY PREVENTION PROGRAM DESIGN

Step 4: Timing
Injury prevention program timing is the placement or scheduling of injury 
prevention exercises when training. Injury prevention may be scheduled before 
practices, before games, after practices, or as standalone sessions. Timing 
decisions are most often based on convenience and how the injury prevention 
exercises affect the quality of games or other training sessions; they should 
be scheduled to allow for adequate recovery so that athletes do not become 
too fatigued to efficiently participate in upcoming practices or competitions. 
Several scheduling approaches are possible, but they can be best categorized 
as being performed with another training session (e.g., activity preparation or 
warm-up) or as a standalone training session (see table 11.4).

Most approaches to injury prevention training combine those exercises with 
other training sessions. When used, it is very common for injury prevention 
exercises to be performed prior to practice or games. Scheduling in this way 
is convenient and has been shown to increase compliance (Sugimoto et al. 
2012). This is the method we advocate and outline how to do this in chapter 
10. Performing exercises right after other training sessions is another option 
to consider (Potach et al. 2018). Not only is this convenient as well, there 
might be another added benefit: Decelerating, landing, and changing direc-
tion when fatigued may be an important component of injury prevention 
programs. Although this should not be done with all sessions, performing 
injury prevention exercises that focus on good alignment after other training 
sessions may provide additional novel stimulus.

Scheduling injury prevention exercise sessions as standalone training ses-
sions, especially during the off-season, is a good option as well. Arranging 
the program in this way may allow athletes to better address strength, power, 
and tolerance to impact at intensities that are more likely to result in the 
sought-after adaptations to stressors (Augustsson 2013). The most important 
considerations, however, are compliance (Dix et al. 2020; Sugimoto et al. 
2012) and allowing athletes to get the correct mode and quantity of exercise 
targeted to reduce injury risk (Sugimoto et al. 2012, 2015; Sugimoto, Myer, 
Barber-Foss et al. 2014; Sugimoto, Myer, Bush et al. 2014).

TABLE 11.3 ACL Injury Prevention Program: Training Frequency
SPORT SEASON SESSIONS PER WEEK
Preseason 3

In-season 2

Off-season 4
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Step 5: Intensity and Volume
Intensity is the relative difficulty of a given exercise or group of exercises and 
is most often measured by load (the amount of resistance used) or complexity. 
This is one of the most critical aspects of injury prevention program design. To 
achieve the desired adaptation, the program must provide both overload and 
progression. The intensity must be progressed to avoid plateaus in strength 
and motor control development (Augustsson 2013). With sufficient training 
load (>80% 1RM), most individuals can increase strength and power in less 
than six weeks (Goodwill et al. 2012; Oliveira et al. 2013; Weier et al. 2012).

Another way to increase training intensity is by varying exercise complex-
ity and novelty. Early in the injury prevention training process, progressing 
the relative complexity of exercise may be enough to provide an appropriate 
challenge that leads to the desired gains. Focusing on exercise difficulty 
requires more movement exploration as compared to actual strength and power 
gains. Because technique and alignment are risk factors for many injuries, it 
is important to attend to these factors.

Exercise volume is the amount of work an athlete does during each session 
and may be measured in a variety of ways. Calculation of volume can include 
load, but for this text, we consider volume to be related only to the total number 
of repetitions performed during an injury prevention session (see table 11.5; Fleck 
and Kraemer 2014; McBride et al. 2009; O’Bryant et al. 1988). To a point, there 
is an inverse dose–response relationship with injury prevention: The higher the 
neuromuscular training volume, the lower the risk of injury (Sugimoto et al. 2015; 
Sugimoto, Myer, Barber-Foss et al. 2014). In fact, program sessions lasting more 
than 30 minutes resulted in a 26 percent lower risk of ACL injury compared to 
programs performed for 15 minutes or less (Sugimoto, Myer, Barber-Foss et al. 
2014). Thirty minutes per week is a relatively short amount of time and should 
be deemed the minimum for an injury prevention program (Sugimoto et al. 2015).

TABLE 11.5 ACL Injury Prevention Program: Intensity and Volume
STRENGTH TRAINING 
EXERCISES

PLYOMETRIC TRAINING 
EXERCISES

SPECIAL TRAINING 
EXERCISES

PRESEASON 4 exercises

2 sets of 8 each

2 exercises

2 sets of 10 each

2 exercises

2 sets of 10 each

IN-SEASON 3 exercises

1 set of 6 each

2 exercises

1 set of 10 each

2 exercises

2 sets of 10 each

OFF-SEASON 6 exercises

2 sets of 10 each

4 exercises

2-3 sets of 10 each

None

TABLE 11.4 ACL Injury Prevention Program: Timing
SPORT SEASON SCHEDULE
Preseason and in-season Before practice sessions as part of the warm-up

Off-season Standalone sessions



201INJURY PREVENTION PROGRAM DESIGN

SAMPLE PROGRAMS
In the sections that follow, we offer two sample injury prevention programs. 
One is focused on a specific sport (soccer; see tables 11.6-11.8) and the other is 
focused on a specific structure (hamstring; see tables 11.9-11.11). When reviewing 
these sample programs, note that the same format is used for each. Both an 
intermediate program and an advanced program are shown; there is overlap 
between them, but there are unique features for each as well. When designing 
injury prevention programs, follow the steps outlined in this chapter to make 
your programs specific to the needs of the teams, athletes, and anatomical 
structures they are intended to protect.

Soccer Injury Prevention
This soccer injury prevention program is an intermediate-level program and 
includes strength training, plyometric training, and special training exercises, 
which follow a warm-up. This program may be performed at any time during 
the year; the real change is the volume and frequency of the program.

TABLE 11.6 Soccer Injury Prevention Program: Warm-Up
EXERCISE SETS REPS/DISTANCE PAGE
Walking lunge 1 10 189

Inverted hamstring stretch 1 10 190

Single-leg squat (with eyes closed) 1 10 112

Ankle flip 2 100 feet (30 m) 193

Single-leg stair bound 2 6 191

Shuffle 2 100 feet (30 m) 192

Pogo 2 10 166

Sprinting (50% effort) 6 100 feet (30 m) N/A

TABLE 11.7 Soccer Injury Prevention Program: Day 1
EXERCISE TYPE EXERCISE SETS REPS LOAD PAGE
PLYOMETRIC 
EXERCISES

Drop (depth) jump 2 10 18 inches 
(45 cm)

143

Standing long jump to vertical jump 2 10 BWT* 151

Single-leg vertical jump 2 10 BWT 145

Standing long jump to single-leg landing 2 10 BWT 150

STRENGTH 
EXERCISES

Back squat 3 8 50% BWT 110

Side lunge 2 10 99

SPECIAL  
EXERCISES

Single-leg Romanian deadlift 3 8 25% BWT 121

Manual eccentric hip abduction 2 10 94

Side-lying hip abduction 2 15 92

Heel raise 2 15 164

*BWT: Bodyweight exercise or a percentage of BWT (e.g., 50% BWT indicates you should use a weight equal to 
half of your bodyweight)
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Hamstring Injury Prevention
This hamstring injury prevention program is an advanced-level program and 
includes plyometric, strength training, and special exercises, which follow a 
warm-up.

TABLE 11.8 Soccer Injury Prevention Program: Day 2
EXERCISE TYPE EXERCISE SETS REPS LOAD PAGE
PLYOMETRIC 
EXERCISES

Drop (depth) jump to 90-degree 
turn

2 10 18 inches 
(45 cm)

144

Single-leg side-to-side hop (for 
alignment)

1 10 BWT* 146

Single-leg push-off 2 10 BWT 113

Side hurdle jump 2 10 BWT 147

STRENGTH 
EXERCISES

Single-leg squat 2 10 4 lb 112

Deadlift 2 8 50% BWT 72

SPECIAL  
EXERCISES

Stability ball hamstring curl + 
single-leg bench bridge compound 
set

3 10 BWT 138 
and 
97

Side plank 2 10 BWT 74

Nordic hamstring curl 2 10 BWT 117

Cable hip flexion 2 10 Band 125

Resistance band inversion (slow 
and fast)

2 15 Band 172

Resistance band eversion (slow 
and fast)

2 15 Band 176

*BWT: Bodyweight exercise or a percentage of BWT (e.g., 50% BWT indicates you should use a weight equal to 
half of your bodyweight)

TABLE 11.9 Hamstring Injury Prevention Program: Warm-Up

EXERCISE SETS REPS/DISTANCE PAGE
Walking lunge 1 10 189

Inverted hamstring stretch 1 10 190

Single-leg squat (with eyes closed) 1 10 112

Fast skip 2 100 feet (30 m) 169

Ankle flip 2 100 feet (30 m) 193

Shuffle 2 100 feet (30 m) 192

Pogo 2 10 166
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TABLE 11.10 Hamstring Injury Prevention Program: Day 1
EXERCISE TYPE EXERCISE SETS REPS LOAD PAGE
PLYOMETRIC  
EXERCISES

Drop freeze 2 10 24 inches (60 cm) 142

Pike jump 2 10 BWT 122

Front single-leg push-off 2 10 18 inches (45 cm) 114

Plyometric reverse 
bench bridge

2 10 BWT 116

STRENGTH  
EXERCISES

Back squat 2 8 8RM 110

Side lunge 2 10 BWT 99

SPECIAL 
 EXERCISES

Romanian deadlift 2 10 25% BWT 120

Stability ball hamstring 
curl + single-leg bench 
bridge compound set 

2 10 BWT 138 
and 
97

Heel raise 2 15 BWT 164

Nordic hamstring curl 2 10 BWT 117

*BWT: Bodyweight exercise or a percentage of BWT (e.g., 50% BWT indicates you should use a weight equal to 
half of your bodyweight)
8RM is an eight repetition maximum that is the heaviest weight you can lift with maximum effort for eight repetitions.

TABLE 11.11 Hamstring Injury Prevention Program: Day 2
EXERCISE TYPE EXERCISE SETS REPS LOAD PAGE
PLYOMETRIC  
EXERCISES

Drop (depth) jump 2 10 18 inches (45 cm) 143

Cycled split squat jump 2 10 BWT 101

Sprinting 1 6 100 feet (30 m) N/A

STRENGTH  
EXERCISES

Single-leg squat 2 10 10 112

Deadlift 2 8 50% BWT 72

SPECIAL  
EXERCISES

Heel walk 2 60 ft BWT 174

Resistance band 
inversion with 
plantarflexion

2 15 Band 173

Stability ball hamstring 
curl

3 10 BWT 138

Heel raise 2 15 BWT 164

*BWT: Bodyweight exercise or a percentage of BWT (e.g., 50% BWT indicates you should use a weight equal  
to half of your bodyweight)
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It is not possible to prevent all injuries. But with a careful reliance on the 
principles of injury prevention and an understanding of anatomy and common 
injuries covered in this book, it is possible to reduce your risk of injury. The 
examples provided in this chapter should serve as a general template for 
building your own injury prevention program. It is important that your injury 
prevention program be performed consistently throughout the sporting year 
along with your general training program, practices, and games.
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EXERCISE FINDER
Note: The exercises in each chapter include an icon to describe the type of 
exercise mode – strength, plyometric, or special training (speed and agility, 
flexibility, and aerobic endurance) – that applies predominantly to that exer-
cise; see page x for further explanation.

HEAD, NECK,  
AND SHOULDER

STRENGTH

Cervical isometric—flexion 25
Cervical isometric—extension 27
Cervical isometric—side bending 27

Push-up with plus 28
Elevated push-up with plus 29

Dumbbell shoulder press 30
Barbell shoulder press 31

Dumbbell row 32
Barbell bent-over row 33

Farmer’s carry 34
Unstable farmer’s carry 35

Prone horizontal abduction 36
 Prone horizontal abduction at 100 de-
grees 37

Scaption 38
External rotation at 90 degrees 40

External rotation at 90 degrees—fast 41
D2 flexion with band 42

ELBOW, WRIST,  
AND HAND

STRENGTH

Overhead triceps extension 54
Triceps kickback 55

Barbell biceps curl 56
Alternate dumbbell biceps curl 57

Barbell wrist extension 58
Standing dumbbell wrist extension 59

Barbell wrist flexion 60
Wrist roller 61

Forearm supination and pronation 62
 Forearm supination and pronation with 
bat 63

SPINE AND TRUNK

STRENGTH 

Deadlift 72
Side plank 74

Side plank with hip abduction 75
Half-kneeling PNF chop 76

PNF medicine ball chop 77
Standing PNF lift 78
Reverse hyperextension 80

Medicine ball overhead toss 81

PLYOMETRIC

Medicine ball side toss 82
Shuffle to side toss 83

(continued)
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HIP

STRENGTH

Side-lying hip abduction 92
Wall isometric hip abduction 93

Manual eccentric hip abduction 94
Closed chain eccentric hip abduction 95
Resisted side step 95

Bench bridge or hip thrust 96
Single-leg bench bridge 97

Forward lunge 98
Side lunge 99

PLYOMETRIC

Split squat jump 100
Cycled split squat jump 101

THIGH

STRENGTH

Back squat 110
Slant board squat 112
Single-leg squat 112

Reverse bench bridge 115
Plyometric reverse bench bridge 116

Nordic hamstring curl 117
Harop curl 119
Razor curl 119

Romanian deadlift 120
Single-leg Romanian deadlift 121

Hip flexor hold 124
Cable hip flexion 125

Copenhagen hold 126
Copenhagen hold with leg lift 127

PLYOMETRIC

Single-leg push-off 113
Front single-leg push-off 114

Pike jump 122

KNEE

STRENGTH

Single-leg squat 136
Levitating lunge 137

Leg extension 152
Kettlebell leg extension 153
Nordic quadriceps exercise 153

PLYOMETRIC

Drop (depth) jump 143
Drop (depth) jump to second box 144
Drop (depth) jump to 90-degree turn 144

Single-leg vertical jump 145
Single-leg vertical jump—continuous 146
Single-leg side-to-side hop 146

Side hurdle jump 147
Side hurdle jump—continuous 149
Single-leg side hurdle jump 149

Standing long jump to single-leg  
landing 150

Standing long jump to vertical jump 151

SPECIAL

Stability ball hamstring curl 138
Seated leg curl 139

Deceleration 140
Drop freeze 142
Stability hop 142
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LEG, ANKLE,  
AND FOOT

STRENGTH

Resistance band inversion 172
 Resistance band inversion with plantar-
flexion 173

Heel walk 174
Manual eccentric dorsiflexion 175

Resistance band eversion 176
Isometric eversion 177

PLYOMETRIC

Pogo 166
Single-leg pogo 167

Relevé hold 170
Relevé landing hold 171

SPECIAL

Heel raise 164
Single-leg heel raise 165
Seated heel raise 165

Skip 168
Fast skip 169
Backward skip 169
Side skip 169

Short foot 178
Arch lift 179

Barefoot walk 180

WARM-UP FOR INJURY  
PREVENTION

PLYOMETRIC

Ankle flip 193

SPECIAL

Walking lunge 189
Inverted hamstring stretch 190
Single-leg stair bound 191
Shuffle 192
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