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PREFACE

Throughout the 31-year history of this text, the authors of Rehabilitation Techniques for Sports
Medicine and Athletic Training have tried diligently to stay on the cutting edge of the athletic
training profession with regard not only to presenting a comprehensive and ever-expanding body
of evidence-based knowledge but also with the latest techniques of delivering educational content
to students. Most evident in this Seventh Edition is the addition of several new contributors, who
have incorporated significant updates and changes to the previous edition.

Organization

This Seventh Edition is divided into 4 sections. Section I discusses the basics of the rehabilita-
tion process. It begins by discussing the important considerations in designing a rehabilitation
program for the injured patient and providing a basic overview of the rehabilitation process
(Chapter 1). It is essential for the athletic trainer to understand the importance of the healing pro-
cess and how it should dictate the course of rehabilitation (Chapter 2). The evaluation process is
critical in first determining the exact nature of an existing injury and then designing a rehabilita-
tion program based on the findings of that evaluation (Chapter 3). It is also essential to be aware
of the psychological aspects of rehabilitation with which the injured patient must deal (Chapter 4).

Section II deals with achieving the goals of rehabilitation. The chapters address primary goals
of any sports medicine rehabilitation program: establishing core stability (Chapter 5); reestab-
lishing neuromuscular control (Chapter 6); regaining postural stability and balance (Chapter 7);
restoring range of motion and improving flexibility (Chapter 8); regaining muscular strength,
endurance, and power (Chapter 9); and maintaining cardiorespiratory fitness during rehabilita-
tion (Chapter 10). Athletic trainers have many rehabilitation “tools” with which they can choose to
treat an injured athlete. How they choose to use these tools is often a matter of personal preference.

Section III discusses in detail how these tools can be best incorporated into a rehabilitation
program to achieve the goals identified in the first section. The chapters in Section III focus on
primary tools of rehabilitation: plyometric exercise (Chapter 11), open vs closed kinetic chain
exercise (Chapter 12), joint mobilization and traction techniques (Chapter 13), proprioceptive
neuromuscular facilitation techniques (Chapter 14), aquatic therapy (Chapter 15), and functional
progressions and functional testing (Chapter 16).

Section IV of this text goes into great detail on specific rehabilitation techniques that are used
in treating a variety of injuries. Specific rehabilitation techniques are included for the shoulder
(Chapter 17); the elbow (Chapter 18); the wrist, hand, and fingers (Chapter 19); the groin, hip,
and thigh (Chapter 20); the knee (Chapter 21); the lower leg (Chapter 22); the ankle and foot
(Chapter 23); and the spine (Chapter 24). Each chapter begins with a discussion of the pertinent
functional anatomy and biomechanics of that region. An extensive series of photographs illustrat-
ing a wide variety of rehabilitative exercises is presented in each chapter. The last portion of each
chapter involves in-depth discussion of the pathomechanics, injury mechanism, rehabilitation
concerns, rehabilitation progression, and finally, criteria for return to activity for specific injuries.

The updated Seventh Edition of Rehabilitation Techniques for Sports Medicine and Athletic
Training offers a comprehensive reference guide emphasizing the most current trends and tech-
niques in sport injury rehabilitation for the athletic trainer overseeing programs of rehabilitation.

Comprehensive Coverage of Evidence-Based Material

Growth of the athletic training profession dictates the necessity for expanding our research
efforts to identify new and more effective methods and techniques for dealing with sport-related
injury. Any athletic trainer charged with the responsibility of supervising a rehabilitation program
knows that the most currently accepted and up-to-date rehabilitation protocols tend to change
rapidly. A sincere effort has been made by the contributing authors to present the most recent
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evidence-based information on the various aspects of injury rehabilitation currently available in
the literature. Additionally, this manuscript has been critically reviewed by selected athletic train-
ers who are well-respected clinicians, educators, and researchers in this field to further ensure that
the material presented is accurate and current.

Pertinent to the Athletic Trainer

Many texts are currently available on the subject of rehabilitation of injury in various patient
populations. As in the past editions, the Seventh Edition of this text concentrates exclusively on
the application of rehabilitation techniques in a sport-related setting for a unique sports medicine
emphasis.

Pedagogical Aids

The teaching aids provided in this text to assist the student include the following:

e Objectives: These goals are listed at the beginning of each chapter to introduce students to the
points that will be emphasized.

e Figures and Tables: The number of new photos and tables included throughout the text has
been significantly increased and are now in 4-color in an effort to provide as much visual and
graphic demonstration of specific rehabilitation techniques and exercises as possible.

o Clinical Decision-Making Exercises: About 150 clinical decision-making exercises are found
throughout the text to challenge the student to integrate and apply the information presented
in this text to clinical cases that typically occur in an athletic training setting. Solutions for
each exercise are presented at the end of each chapter.

e Rehabilitation Plans: Rehabilitation plans can be found in each chapter in Section IV as
examples of case studies that help apply the thought process an athletic trainer should use in
developing and implementing a rehabilitation program.

o Summary: Each chapter has a summary list that reinforces the major points presented.

e References: A comprehensive list of up-to-date references is presented at the end of each chap-
ter to guide the reader to additional information about the chapter content.

e Glossary: A glossary of terms is provided for quick reference.

Ancillaries

A companion website to Rehabilitation Techniques for Sports Medicine and Athletic Training,
Seventh Edition features nearly 700 instructional videos. This robust compilation demonstrates
specific clinical techniques, rehabilitative exercises, and manual therapy skills used by experi-
enced athletic trainers. Additionally, a laboratory manual also accompanies the Seventh Edition.
Prepared by Dr. Tom Kaminski of the University of Delaware to provide hands-on directed learn-
ing experiences for students using the text, the manual includes practical laboratory exercises
designed to enhance student understanding. Website information and a unique password for this
book are presented on the inside cover.

A PowerPoint presentation is available for faculty use and download at www.efacultylounge.com.



INTRODUCTION

This Seventh Edition of Rehabilitation Techniques for Sports Medicine and Athletic Training is
for the professional student of athletic training who is interested in gaining more in-depth expo-
sure to the theory and practical application of rehabilitation techniques used in a sports medicine
environment. The purpose of this text is to provide the athletic trainer with a comprehensive
guide to the design, implementation, and supervision of rehabilitation programs for sport-related
injuries that is based on the current best-available evidence available in the professional literature.
It is intended for use in courses in athletic training that deal with practical application of theory in
a clinical setting. The contributing authors have collectively attempted to combine their expertise
and knowledge to produce a text that encompasses all aspects of sports medicine rehabilitation.
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CHAPTER 1 ﬁ

Essential Considerations in
Designing a Rehabilitation
Program for the Injured
Patient

William E. Prentice, PhD, PT, ATC, FNATA

Prentice WE, ed.
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One of the primary goals of every sports
medicine professional is to create a playing
environment that is as safe as it can pos-
sibly be. Regardless of that effort, the nature
of participation in sport and physical activ-
ity dictates that injuries will eventually occur.
Fortunately, few of the injuries that occur in an
athletic setting are life-threatening. The major-
ity of the injuries are not serious and lend them-
selves to rapid rehabilitation. When injuries do
occur, the focus of the athletic trainer shifts
from injury prevention to injury treatment and
rehabilitation. In a sports medicine setting,
the athletic trainer generally assumes primary
responsibility for the design, implementation,
and supervision of the rehabilitation program
for the injured athlete.26 The athletic trainer
responsible for overseeing an exercise reha-
bilitation program must have as complete an
understanding of the injury as possible, includ-
ing knowledge of how the injury was sustained,
the major anatomical structures affected, the
degree or grade of trauma, and the stage or
phase of the injury’s healing.523

THE REHABILITATION TEAM

Providing a comprehensive rehabilitation
program for an injured patient in an athletic
environment requires a group effort to be most
effective. The rehabilitation process requires
communication among a number of individu-
als, each of whom must perform specific func-
tions relative to caring for the injured athlete.
Under ideal conditions, an interprofessional
team that includes the athletic trainer (and the
athletic training students), athlete, physician,
nurses, physical therapists, coaches, strength
and conditioning specialist, and the injured
athlete’s family will communicate freely and
function as a team.3! This group is intimately
involved with the rehabilitative process, begin-
ning with patient assessment, treatment selec-
tion, and implementation, and ending with
functional exercises and return to activity. The
athletic trainer directs the post-acute phase
of the rehabilitation, and it is essential that
the patient understand that this part of the
recovery is just as crucial as surgical technique
to the return of normal joint function and the
subsequent return to full activity. All decisions

made by the physician, athletic trainer, and
coaches that dictate the course of rehabilitation
ultimately affect the injured patient.

Clinical Decision-Making Exercise 1-1

A team physician has diagnosed a swimmer with
thoracic outlet syndrome. The athletic trainer is
developing a rehabilitation plan for this patient.
What considerations must be taken into account?

The Role of the Athletic Trainer in
Rehabilitation

Of all the members of the rehabilitation
team charged with providing health care, per-
haps none is more intimately involved than the
athletic trainer. The athletic trainer is the one
individual who deals directly with the patient
throughout the entire period of rehabilitation,
from the time of the initial injury until the
complete, unrestricted return to activity. The
athletic trainer is most directly responsible for
all phases of health care in an athletic envi-
ronment, including preventing injuries from
occurring, providing initial first aid and injury
management, evaluating and diagnosing inju-
ries, and designing and supervising a timely
and effective program of rehabilitation that
can facilitate the safe and expeditious return
to activity.

In 2015, the Board of Certification complet-
ed the latest Practice Analysis Seventh Edition,
which defines the profession of athletic train-
ing#4 This analysis was designed to examine
the primary tasks performed by the entry-
level athletic trainer and the knowledge and
skills required to perform each task. The study
determined that the roles of the practicing
athletic trainer could be divided into 5 major
domains: (1) injury/illness prevention and well-
ness promotion; (2) examination, assessment,
and diagnosis; (3) immediate and emergen-
cy care; (4) therapeutic intervention; and (5)
health care administration and professional
responsibilities.

An athletic trainer must work closely with
and under the supervision of the team physi-
cian with respect to designing rehabilitation
and reconditioning protocols that make use



Essential Considerations in Designing a Rehabilitation Program for the Injured Patient 5

of appropriate therapeutic exercise, rehabilita-
tive equipment, manual therapy techniques,
or therapeutic modalities. The athletic trainer
should then assume the responsibility of over-
seeing the rehabilitative process, ultimately
returning the patient to full activity.

Certainly, the athletic trainer has an obliga-
tion to the patient to understand the nature of
the injury, function of the structures damaged,
and different tools available to safely reha-
bilitate that patient. Additionally, the athletic
trainer must understand the treatment philoso-
phy of the patient’s physician and be careful in
applying different treatment regimens because
what may be a safe but outdated technique
in the opinion of one physician may be the
treatment of choice to another. The successful
athletic trainer must demonstrate flexibility in
his or her approach to rehabilitation by incor-
porating techniques that are evidence-based
and effective, but somewhat variable from one
patient to another, as well as from one physician
to another.

Communication is crucial to prevent misun-
derstandings and a subsequent loss of rapport
with either the patient or the physician. The
patient must always be informed and made
aware of the why, how, and when factors that
collectively dictate the course of an injury reha-
bilitation program.

Any personal relationship takes some time
to grow and develop. The relationship between
the coach and the athletic trainer is no dif-
ferent. The athletic trainer must demonstrate
to the coach his or her capability to correctly
manage an injury and guide the course of a
rehabilitation program. It will take some time
for the coach to develop trust and confidence in
the athletic trainer. The coach must understand
that what the athletic trainer wants is exactly
the same as what the coach wants—to get an
injured patient healthy and back to practice as
quickly and safely as possible.

This is not to say, however, that the coaches
should not be involved with the decision-mak-
ing process. For example, when a patient is
rehabilitating an injury, there may be drills or
technical instruction sessions that the indi-
vidual can participate in without exacerbating
the injury. Thus, the coaches, athletic trainer,
and team physician should be able to negotiate

what that individual can and cannot do safely
in the course of a practice.

Athletes are frequently caught in the middle
between coaches who tell them to do one thing
and medical staff who tell them something else.
The athletic trainer must respect the job that
the coach has to do and should do whatever
can be done to support the coach. Close com-
munication between the coach and the athletic
trainer is essential so that everyone is on the
same page.

Clinical Decision-Making Exercise 1-2

A gymnast has just had an anterior cruciate liga-
ment reconstruction. The orthopedist has pre-
scribed some active range of motion exercises
to start the rehabilitation process. The patient is
progressing very quickly and wants to increase the
intensity of her activity. What should the athletic
trainer do to address the patient’s request?

When rehabilitating an injured patient, par-
ticularly in a secondary or middle school set-
ting, the athletic trainer, coach, and physician
must take the time to explain and inform the
patient’s parents about the course of the injury
rehabilitation process. With a patient of second-
ary school age, the parents’ decisions regarding
health care must be of primary consideration.
In certain situations, particularly at the second-
ary and middle school levels, many parents will
insist that their child be seen by their family
physician rather than by the individual who
may be designated as the team physician. This
creates a dilemma in which the athletic trainer
must work and communicate with many dif-
ferent “team physicians.” The opinion of the
family physician must be respected even if that
individual has little or no experience with inju-
ries related to sports.

It should be clear that the physician work-
ing in cooperation with the athletic trainer
assumes the responsibility of making the final
decisions relative to the course of rehabilitation
for the patient from the time of injury until full
return to activity. The coaches must defer to
and should support the decisions of the medical
staff in any matter regarding the course of the
rehabilitative process.
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REFERRING THE PATIENT
TO OTHER MEDICAL AND
NONMEDICAL SUPPORT
SERVICES AND PERSONNEL

Occasionally, a patient may require treat-
ment from or consultation with a variety of
medical and nonmedical services or personnel
other than the athletic trainer or team physi-
cian. After the athletic trainer consults with
the team physician about a particular injury
of psychological concern, either the athletic
trainer or the team physician can arrange for
appointments as necessary.24 When referring
an athlete for evaluation or consultation, the
athletic trainer must be aware of the communi-
ty-based services available and the insurance or
managed care plan coverage available for that
athlete.

If needed, the athletic trainer must also be
familiar with and should have access to a vari-
ety of personal, school, and community health
service agencies, including community-based
psychological and social support services avail-
able to the patient. With assistance and direc-
tion from these agencies, the athletic trainer,
together with the athlete, should be able to
formulate a plan for appropriate intervention
following injury.24

THE PHILOSOPHY OF SPORTS
MEDICINE REHABILITATION

The approach to rehabilitation is consider-
ably different in a sports medicine environment
than in most other rehabilitation settings.® The
competitive nature of athletics necessitates an
aggressive approach to rehabilitation. Because
the competitive season in most sports is rela-
tively short, the patient does not have the luxury
of being able to sit around and do nothing until
the injury heals. The goal is to return to activ-
ity as soon as is safely possible. Consequently,
the athletic trainer tends to play games with the
healing process, never really allowing enough
time for an injury to completely heal. The ath-
letic trainer who is supervising the rehabilita-
tion program usually performs a “balancing
act”—walking along a thin line between not
pushing the patient hard enough or fast enough

and being overly aggressive. In either case, a
mistake in judgment on the part of the athletic
trainer can hinder return to activity.

Understanding the
Healing Process

Decisions as to when and how to alter or
progress a rehabilitation program should be
based primarily on the process of injury heal-
ing. The athletic trainer must possess a sound
understanding of both the sequence and the
time frames for the various phases of healing,
realizing that certain physiological events must
occur during each of the phases. Anything that
is done during a rehabilitation program that
interferes with this healing process will likely
increase the length of time required for reha-
bilitation and slow return to full activity. The
healing process must have an opportunity to
accomplish what it is supposed to. At best, the
athletic trainer can only try to create an envi-
ronment that is conducive to the healing pro-
cess. Little can be done to speed up the process
physiologically, but many things can impede
healing (see Chapter 2).

Exercise Intensity

The SAID Principle (an acronym for Specific
Adaptation to Imposed Demand) states that
when an injured structure is subjected to stress-
es and overloads of varying intensities, it will
gradually adapt over time to whatever demands
are placed upon it.22 During the rehabilitation
process, the stresses of reconditioning exercises
must not be so great as to exacerbate the injury
before the injured structure has had a chance
to adapt specifically to the increased demands.
Engaging in exercise that is too intense or too
prolonged can be detrimental to the progress
of rehabilitation. Indications that the inten-
sity of the exercises being incorporated into
the rehabilitation program exceed the limits of
the healing process include an increase in the
amount of swelling, an increase in pain, a loss
or a plateau in strength, a loss or a plateau in
range of motion (ROM), or an increase in the
laxity of a healing ligament.20 If an exercise or
activity causes any of these signs, the athletic
trainer must back off and become less aggres-
sive in the rehabilitation program.
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Clinical Decision-Making Exercise 1-3

A baseball player recently underwent surgery to
repair a superior labrum anterior and posterior
lesion and torn rotator cuff. He wants to know why
he can’t start throwing right away. What is your
reason for why he must progress slowly?

In most injury situations, early exercise reha-
bilitation involves submaximal exercise per-
formed in short bouts that are repeated several
times daily. Exercise intensity must be com-
mensurate with healing. As recovery increases,
the intensity of exercise also increases, with
the exercise performed less often.8 Finally,
the patient returns to a conditioning mode of
exercise, which often includes high-intensity
exercise 3 to 4 times per week.

Understanding the Psychological
Aspects of Rehabilitation

The psychological aspects of how an indi-
vidual deals with an injury are a critical yet
often neglected factor in the rehabilitation pro-
cess. Injury and illness produce a wide range
of emotional reactions; therefore, the athletic
trainer needs to develop an understanding of
the psyche of each patient.! Individuals vary in
terms of pain threshold, cooperation and com-
pliance, competitiveness, denial of disability,
depression, intrinsic and extrinsic motivation,
anger, fear, guilt, and the ability to adjust to
injury. Besides dealing with the mental aspect
of the injury, sports psychology can also be
used to improve total athletic performance
through the use of visualization, self-hypnosis,
and relaxation techniques (see Chapter 4).

Understanding the
Pathomechanics of Injury

When a joint or other anatomic structure
is damaged by injury, normal biomechanical
function is compromised. Adaptive changes
occur that alter the manner in which various
forces collectively act upon that joint to produce
motion. Thus, the biomechanics of joint motion
are changed as a result of that injury.20

It is critical that the athletic trainer super-
vising a rehabilitation program has a solid

foundation in biomechanics and functional
human anatomy to be effective in designing
a rehabilitation program. An athletic trainer
who does not understand the biomechanics
of normal motion will find it very difficult
to identify existing adaptive or compensatory
changes in motion and then to know what must
be done in a rehabilitation program to correct
the pathomechanics.

Understanding the Concept of the
Kinetic Chain

The athletic trainer must understand the
concept of the kinetic chain and must real-
ize that the entire body is a kinetic chain that
operates as an integrated functional unit.18
The kinetic chain is composed of not only the
muscular system including muscles, tendons,
and fascia, but also the articular and neural
systems. Each of these systems functions simul-
taneously with the others to allow for structural
and functional efficiency. The central nervous
system sorts the cumulative information from
these 3 systems and allows for neuromuscular
control. If any system within the kinetic chain
is not working efficiently, the other systems are
forced to adapt and compensate; this can lead
to tissue overload, decreased performance, and
predictable patterns of injury.?

The functional integration of the systems
allows for optimal neuromuscular efficiency
during functional activities. In reality, move-
ments in everyday life require dynamic pos-
tural control through multiple planes of motion
and at different speeds of motion. Optimal
functioning of all contributing components of
the kinetic chain results in appropriate length-
tension relationships, optimal force-couple
relationships, precise arthrokinematics, and
optimal neuromuscular control. Efficiency and
longevity of the kinetic chain requires optimal
integration of each system.?

Injury to the kinetic chain rarely involves
only one structure. Since the kinetic chain
functions as an integrated unit, dysfunction in
one system leads to compensations and adapta-
tions in other systems. The myofascial, neuro-
muscular, and articular systems all play a sig-
nificant role in the functional pathology of the
kinetic chain. Rehabilitation should focus on
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functional movements that integrate all compo-
nents necessary to achieve optimal movement
performance. Concepts of muscle imbalances,
myofascial adhesions, altered arthrokinemat-
ics, and abnormal neuromuscular control need
to be addressed by the athletic trainer when
developing a comprehensive rehabilitation
program.’

Understanding the Concept of
Integrated Functional Movement

To develop a comprehensive rehabilitation
program, the athletic trainer must not only
fully understand the concept of the function-
al kinetic chain, but also, most importantly,
the definition of function. Function is inte-
grated, multiplanar movement that requires
acceleration, deceleration, and stabilization.%27
Functional kinetic chain rehabilitation is a
comprehensive approach that strives to improve
all components necessary to allow a patient to
return to a high level of function. The athletic
trainer must understand that the kinetic chain
operates as an integrated functional unit.18
Functional kinetic chain rehabilitation must
therefore address each link in the kinetic chain
and strive to develop functional strength and
neuromuscular efficiency. Functional strength
is the ability of the neuromuscular system to
reduce force, produce force, and dynamically
stabilize the kinetic chain during functional
movements in a smooth and coordinated fash-
ion.6 Neuromuscular efficiency is the ability of
the central nervous system to allow agonists,
antagonists, synergists, stabilizers, and neutral-
izers to work efficiently and interdependently
during dynamic kinetic chain activities.?

Traditionally, rehabilitation has focused
on isolated absolute strength gains, in iso-
lated muscles, using single planes of motion.
However, all functional activities are naturally
multiplanar and require a blend of accelera-
tion, deceleration, and dynamic stabilization.28
Movement may appear to be one plane domi-
nant, but the other planes need to be dynami-
cally stabilized to allow for optimal neuromus-
cular efficiency.? Understanding that func-
tional movements require a highly complex,
integrated system allows the athletic trainer
to make a paradigm shift. The paradigm shift

focuses on training the entire kinetic chain
using all planes of movement and establishing
high levels of functional strength and neuro-
muscular efficiency.-27 The paradigm shift
dictates that we train to allow force reduction,
force production, and dynamic stabilization
to occur efficiently during all kinetic chain
activities.28

Using the Tools of Rehabilitation

Athletic trainers have many tools at their
disposal—such as manual therapy techniques,
therapeutic modalities, aquatic therapy, and the
use of physician-prescribed medications—that
can individually or collectively facilitate the
rehabilitative process. How different athletic
trainers choose to use those tools is often a mat-
ter of individual preference and experience.

Additionally, patients differ in their indi-
vidual responses to various treatment tech-
niques. Thus, the athletic trainer should avoid
“cookbook” rehabilitation protocols that can be
followed like a recipe. In fact, use of rehabilita-
tion “recipes” should be strongly discouraged.
Instead, the athletic trainer must develop a
broad theoretical knowledge base from which
specific techniques or tools of rehabilitation
can be selected and practically applied to each
individual case.

Using Therapeutic Modalities in
Rehabilitation

Athletic trainers use a wide variety of thera-
peutic techniques in the treatment and reha-
bilitation of sport-related injuries.2> One useful
aspect of a thorough treatment regimen is the
use of therapeutic modalities (Table 1-1). At one
time or another, virtually all athletic trainers
make use of some type of therapeutic modality.
This might involve a relatively simple tech-
nique, such as using an ice pack as a first aid
treatment for an acute injury, or more complex
techniques such as the stimulation of nerve
and muscle tissue by electrical currents. There
is no question that therapeutic modalities are
useful tools in injury rehabilitation. When
used appropriately, these modalities can greatly
enhance the patient’s chances for a safe and
rapid return to full activity. The athletic trainer
must have knowledge of the scientific basis of
the various modalities and their physiological
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Table 1-1 Therapeutic Modalities Commonly Used in Clinical Practice
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effects on a specific injury. When applied to
practical experience, this theoretical basis can
produce an extremely effective clinical method.

A comprehensive rehabilitation program
should focus on achieving specific short- and
long-term objectives. Modalities, though
important, are by no means the single most
critical factor in accomplishing these objec-
tives. Therapeutic exercise that forces the
injured anatomic structure to perform its nor-
mal function is the key to successful rehabilita-
tion. However, therapeutic modalities certainly
play an important role and are extremely useful
as adjuncts to therapeutic exercise.2>

It must be emphasized that the use of thera-
peutic modalities in any treatment program is
an inexact science. There is no way to “cook-
book” a treatment plan that involves the use of
therapeutic modalities. Athletic trainers should
make every effort to understand the basis for
using each different type of modality and then
make their own decisions as to which will be
most effective in a given clinical situation.

Despite the fact that therapeutic modalities
are commonly used by athletic trainers as an
integral tool in the rehabilitation process, they
will not be discussed further in this text. (The
reader is referred to Therapeutic Modalities in
Rehabilitation, Fifth Edition, for detailed infor-
mation relative to the use of specific modalities
in rehabilitation.)2>

Using Medications to
Facilitate Healing

Prescription and over-the-counter medica-
tions can effectively aid the healing process
during a rehabilitation program. An athletic
trainer supervising a program of rehabilitation
must have some knowledge of the potential
effects of certain types of drugs on performance
during the rehabilitation program. Patients
might be expected to respond to medication
just as anyone else would, but the patient’s situ-
ation is not normal. Intense physical activity
requires that special consideration be given to
the effects of certain types of medication. On
occasion, the athletic trainer, working with
guidance from the team physician, must make
decisions regarding the appropriate use of med-
ications based on knowledge of the indications
for use and the possible side effects in patients
who are involved in rehabilitation programs.

Those medications commonly used to aid
the healing process are discussed in detail in
Chapter 2.

Therapeutic Exercise vs
Conditioning Exercise

Exercise is an essential factor in fitness
conditioning, injury prevention, and injury
rehabilitation. To compete successfully at a
high level, the patient must be fit. A patient
who is not fit is more likely to sustain an injury.
Coaches and athletic trainers both recognize
that improper conditioning is one of the major
causes of sport injuries. It is essential that the
patient engage in training and conditioning
exercises that minimize the possibility of injury
while maximizing performance.”

The basic principles of training and con-
ditioning exercises also apply to techniques
of therapeutic, rehabilitative, or recondition-
ing exercises that are specifically concerned
with restoring normal body function following
injury. The term therapeutic exercise is perhaps
most widely used to indicate exercises that are
used in a rehabilitation program.21

ESTABLISHING SHORT- AND
LONG-TERM GOALSIN A
REHABILITATION PROGRAM

Designing an effective rehabilitation pro-
gram is relatively simple if the athletic trainer
routinely integrates several basic components.
These basic components can also be consid-
ered the short-term goals of a rehabilitation
program. They should include (1) providing
correct immediate first aid and management
following injury to limit or control swelling; (2)
reducing or minimizing pain; (3) establishing
core stability; (4) reestablishing neuromuscular
control; (5) improving postural stability and
balance; (6) restoring full ROM; (7) restoring
or increasing muscular strength, endurance,
and power; (8) maintaining cardiorespirato-
ry fitness; and (9) incorporating appropriate
functional progressions. The long-term goal is
almost invariably to return the injured patient
to practice or competition as quickly and safely
as possible.
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Establishing reasonable, attainable goals and
integrating specific exercises or activities to
address these goals is the easy part of oversee-
ing a rehabilitation program. The difficult part
comes in knowing exactly when and how to
progress, change, or alter the rehabilitation
program to most effectively accomplish both
long- and short-term goals.

Clinical Decision-Making Exercise 1-4

A volleyball player has a second-degree ankle
sprain. X-rays reveal no fracture. The athletic
trainer wants to begin rehabilitation right away
so the patient may be able to play again before the
season is over. What are the short- and long-term
goals for this patient?

Athletes tend to be goal-oriented individu-
als. Thus, the athletic trainer should design a
goal-oriented rehabilitation program in which
the patient can have a series of progressive “suc-
cesses” in achieving attainable short-term goals
throughout the rehabilitation process. Injured
athletes are almost always most concerned to
know precisely how long they will be out and
when exactly they can return to full activity.
The athletic trainer should not make the mis-
take of giving an injured patient an exact time
frame or date. Instead, the patient should be
given a series of sequenced challenges, involv-
ing increasing skill and ability, that must be
met before progressing to the next level in his
or her rehabilitation program. It is critical that
the patient be actively involved in planning the
process of rehabilitating his or her injury.12

The Importance of
Controlling Swelling

The process of rehabilitation begins imme-
diately after injury. Thus, in addition to under-
standing exactly how the injury occurred, the
athletic trainer must be competent in providing
correct and appropriate initial care. Initial first
aid and management techniques are perhaps
the most critical part of any rehabilitation
program. The manner in which the injury is
initially managed unquestionably has a signifi-
cant impact on the course of the rehabilitative
process.25

The one problem all injuries have in com-
mon is swelling. Swelling can be caused by
any number of factors, including bleeding,
production of synovial fluid, an accumula-
tion of inflammatory byproducts, edema, or
a combination of several factors. No matter
which mechanism is involved, swelling pro-
duces an increased pressure in the injured
area, and increased pressure causes pain.l®
Swelling can also cause neuromuscular inhibi-
tion, which results in weak muscle contraction.
Swelling is most likely during the first 72 hours
after an injury. Once swelling has occurred, the
healing process is significantly retarded. The
injured area cannot return to normal until all
swelling is gone. Therefore, everything that is
done in first aid management of any of these
conditions should be directed toward control-
ling the swelling.26 If the swelling can be con-
trolled initially in the acute stage of injury, the
time required for rehabilitation is likely to be
significantly reduced.

For many vyears, the recommendation for
managing acute musculoskeletal injuries has
included the application of ice, compression,
and elevation in combination with some type
of protection (ie, elastic wrap, tape, crutches,
walking boot) and/or rest or restricted activity.
The acronyms RICE and PRICE have both been
commonly used to refer to this combination of
simultaneously applied treatment techniques
that have been well-accepted as a best practice
recommendation by most health care provid-
ers. However, there is currently insufficient
evidence available from randomized controlled
trials to determine the relative effectiveness of
these techniques.2?

Most recently, it has been recommended that
a more appropriate acronym would be POLICE,
which stands for protection, optimal loading,
ice, compression, and elevation (Figure 1-1).3
The collective effects of these initial first aid/
management techniques should focus primar-
ily on limiting the amount of swelling resulting
from the injury and minimizing pain. If swell-
ing can be minimized initially, the amount of
time required for rehabilitation can be signifi-
cantly reduced.
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Figure 1-1. The POLICE technique should be used
immediately following injury to limit swelling.

Protection

The injured area should be protected from
additional injury by applying appropriate
splints, braces, pads, or other immobilization
devices. If the injury involves the lower extrem-
ity, it is recommended that the patient go
nonweightbearing on crutches at least until the
acute inflammatory response has subsided.

Optimal Loading

Optimal loading refers to determining and
subsequently incorporating the appropriate
progression, from protecting the tissue to pre-
vent exacerbation of the injury, to mechanically
loading the tissue to facilitate healing. Early
functional activity encourages early recovery.
Longer periods of rest, during which injured
tissues are unloaded, may produce adverse
changes to joints and tissues. Progressive
mechanical loading of injured tissues following
acute injury facilitates healing.3

Ice

The application of ice immediately following
musculoskeletal injury has been accepted and
routinely practiced despite the fact that there is
limited strong clinical evidence supporting its
efficacy.l” Ice is most commonly used imme-
diately after injury to decrease cell metabolism
and pain in the injured area. Ice may also be
beneficial in chronic inflammatory conditions.
Cold is also used to reduce the muscle guarding
that accompanies pain.2>

Cold applied to an acute injury will lower
metabolism and tissue demands for oxygen and
will reduce hypoxia. Evidence indicates that
cold application is effective in decreasing pain.3
The pain-reducing (analgesic) effect is likely one
of the greatest benefits. With ice treatments, the
patient usually reports an uncomfortable sensa-
tion of cold, followed by burning, then an ach-
ing sensation, and finally complete numbness.

Cold applied to the skin is capable of lowering
the temperature of deeper tissues. Treatments
of at least 20 to 30 minutes have been tradition-
ally reccommended; however, application of cold
for prolonged periods can potentially cause tis-
sue damage.?

For best results, ice packs (crushed ice) or ice
massage should be used because they produce
the most rapid and significant temperature
decreases.6

Compression

In most cases, immediate compression of
an acute injury is considered to be at least as
essential as cold and elevation and, in some
cases, may be superior to them.25> Placing exter-
nal pressure on an injury assists in decreasing
hemorrhage and edema formation by mechani-
cally reducing the space available for swelling
to accumulate.

Many types of compression are available
including elastic wraps, tape, and commercial
pneumatic compression devices.2> A compres-
sion wrap should be left in place for at least 72
hours after an acute injury. It has been demon-
strated that using an elastic or plastic wrap to
hold an ice bag in place significantly decreases
subcutaneous tissue temperatures.25 An elastic
wrap that has been soaked in water and frozen
in a freezer can provide both compression and
cold when applied to a recent injury. Pads can
be cut from felt or foam rubber to fit difficult-
to-compress body areas. For example, a horse-
shoe-shaped pad placed bilaterally around the
malleoli in combination with an elastic wrap
and tape provides focal compression to reduce
ankle edema. Although cold is applied inter-
mittently, compression should be maintained
throughout the day and, if possible, throughout
the night. Because of the pressure buildup in
the tissues, the patient may find it painful to
leave a compression wrap in place for a long
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time. In many chronic overuse problems, the
compression wrap should be worn until the
swelling is gone.

As is the case with ice, there is limited evi-
dence that supports the use of compression.2?

Elevation

Along with cold and compression, elevation
reduces internal bleeding. The injured part,
particularly an extremity, should be elevated
to eliminate the effects of gravity on blood
pooling in the extremities. Elevation assists the
veins, which drain blood and other fluids from
the injured area and return them to the central
circulatory system. The greater the degree of
elevation, the more effective the reduction in
swelling. For example, in an ankle sprain, the
leg should be placed so that the ankle is virtu-
ally straight up in the air against the wall. The
injured part should be elevated as much as pos-
sible during the first 72 hours.

Clinical Decision-Making Exercise 1-5

A soccer player has been successfully manag-
ing Achilles tendinitis with POLICE, exercises,
and anti-inflammatories. The athletic trainer has
decided that the patient should begin playing
again. What can the athletic trainer do to help the
patient prevent further injury?

The appropriate technique for initial man-
agement of the acute injuries discussed in this
chapter, regardless of where they occur, would
be the following:

e Apply a compression wrap directly over
the injury. Wrapping should be from distal
to proximal. Tension should be firm and
consistent. Wetting the elastic wrap to
facilitate the passage of cold from ice packs
might be helpful.

e Surround the injured area entirely with ice
bags, and secure them in place. Ice bags
should be left on for 45 minutes initially,
then 1 hour off and 30 minutes on as much
as possible over the next 24 hours. During
the following 48-hour period, ice should be
applied as often as possible.

e The injured part should be elevated as
much as possible during the initial 72-hour

period after injury. Keeping the injured
part elevated while sleeping is particularly
important.

e Allow the injured part to rest for about
24 hours after the injury.

Controlling Pain

When an injury occurs, the athletic trainer
must realize that the patient will experience
some degree of pain. The extent of the pain
will be determined in part by the severity of
the injury, by the patient’s individual response
to and perception of pain, and by the circum-
stances in which the injury occurred. The
patient’s pain is real. The athletic trainer can
effectively modulate acute pain by using the
POLICE technique immediately after injury.26
A physician can also make use of various medi-
cations to help ease pain.

Persistent pain can make strengthening or
flexibility exercises more difficult, thus inter-
fering with the rehabilitation process. The ath-
letic trainer should routinely address pain dur-
ing each individual treatment session. Making
use of appropriate therapeutic modalities—
including various techniques of cryotherapy,
thermotherapy, and electrical stimulating cur-
rents—will help modulate pain throughout the
rehabilitation process?> (Figure 1-2). To a great
extent, pain will dictate the rate of progression.
With initial injury, pain is intense and tends to
decrease and eventually subside altogether as
healing progresses. Any exacerbation of either
pain, swelling, or other clinical symptoms dur-
ing or following a particular exercise or activity
indicates that the load is too great for the level
of tissue repair or remodeling.

Establishing Core Stability

Core stability is absolutely essential to every
aspect of the rehabilitation process (Figure 1-3).
The core is considered to be the lumbo-pelvic-
hip complex, which functions to dynamically
stabilize the entire kinetic chain during func-
tional movements. Without proximal or core
stability, the distal movers cannot function
optimally to efficiently use their strength and
power. Chapter 5 will discuss the concept of
core stabilization in great detail.19:30
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Figure 1-2. Several modalities, including electrical
stimulating currents, may be used to modulate pain.
(Reprinted with permission from DJ Global.)

Reestablishing Neuromuscular
Control

Reestablishing neuromuscular control
should be of prime concern to the athletic
trainer in all rehabilitation programs3? (see
Chapter 6). The ability to sense the position of
a joint in space is mediated by mechanorecep-
tors found in both muscles and joints, in addi-
tion to cutaneous, visual, and vestibular input.
Neuromuscular control relies on the central
nervous system to interpret and integrate pro-
prioceptive and kinesthetic information and
then to control individual muscles and joints to
produce coordinated movement.13

Following injury and subsequent rest and
immobilization, the central nervous system
“forgets” how to put together information com-
ing from muscle and joint mechanoreceptors,
and from cutaneous, visual, and vestibular
input. Regaining neuromuscular control means
regaining the ability to follow some previously
established sensory pattern.32 Neuromuscular
control is the mind’s attempt to teach the
body conscious control of a specific movement.
Successful repetition of a patterned movement
makes its performance progressively less diffi-
cult, thus requiring less concentration until the
movement becomes automatic. This requires
many repetitions of the same movement,

Figure 1-3. Core stability forms the basis for all aspects of
a rehabilitation program.

progressing step-by-step from simple to more
complex movements. Strengthening exercises,
particularly those that tend to be more func-
tional such as closed kinetic chain exercises,
are essential for reestablishing neuromuscular
control (see Chapter 12). Addressing neuro-
muscular control is critical throughout the
recovery process, but it is perhaps most critical
during the early stages of rehabilitation to avoid
reinjury (see Chapter 6).32

Restoring Postural Control
and Stability (Balance)

Postural stability involves the complex inte-
gration of muscular forces, neurological sen-
sory information received from the mechano-
receptors, and biomechanical information.l6
The ability to maintain postural stability and
balance is essential to acquiring or reacquiring
complex motor skills.I3 Patients who show a
decreased sense of balance or a lack of postural
stability following injury might lack sufficient
proprioceptive and kinesthetic information
and/or might have muscular weakness, either of
which can limit the ability to generate an effec-
tive correction response when there is not equi-
librium. A rehabilitation program must include
functional exercises that incorporate balance
and proprioceptive training that prepares
the patient for return to activity (Figure 1-4).
Failure to address balance problems can pre-
dispose the patient to reinjury (see Chapter 7).
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Figure 1-4. Reestablishing neuro-
muscular control and balance is
critical to regaining functional
performance capabilities.

Restoring Range of Motion

Following injury to a joint, there will always
be some associated loss of motion. That loss of
movement can usually be attributed to a num-
ber of pathological factors, including resistance
of the musculotendinous unit (ie, muscle, ten-
don, fascia) to stretch; contracture of connec-
tive tissue (ie, ligaments, joint capsule); or some
combination of the two. Muscle imbalances,
postural imbalance, neural tension, and joint
dysfunction can also lead to a loss in ROM.

It is critical for the athletic trainer to closely
evaluate the injured joint to determine whether
motion is limited due to physiological move-
ment constraints involving musculotendinous
units or due to limitation in accessory motion
(joint arthrokinematics) involving the joint
capsule and ligaments. If physiological move-
ment is restricted, the patient should engage
in stretching activities designed to improve
flexibility (Figure 1-5; see Chapters 8 and 14).
Stretching exercises should be used whenever
there is musculotendinous resistance to stretch.
If accessory motion is limited due to some
restriction of the joint capsule or the ligaments,
the athletic trainer should incorporate joint
mobilization and traction techniques into the

Figure 1-5. Stretching techniques are used with tight
musculotendinous structures to improve physiological
ROM.

Figure 1-6. Joint mobilization techniques are used with
tight ligamentous or capsular structures to improve
accessory motion.

treatment program (Figure 1-6; see Chapter
14). Mobilization techniques should be used
whenever there are tight articular structures.!®
Traditionally, rehabilitation programs tend
to concentrate more on passive physiological
movements without paying much attention to
accessory motions.

Restoring Muscular Strength,
Endurance, and Power

Muscular strength, endurance, and power
are among the most essential factors in restor-
ing the function of a body part to preinjury sta-
tus. Isometric, progressive resistive (isotonic),
isokinetic, and plyometric exercises can ben-
efit rehabilitation. A major goal in performing
strengthening exercises is to work through a
full, pain-free ROM.26

Most strength training programs involve
single-plane force production using either free
weights or exercise machines. A functional
rehabilitative strengthening program should
involve exercises in all 3 planes of motion,
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Figure 1-7. Progressive resistive exercise using isotonic
contractions is the most widely used rehabilitative
strengthening technique.

concentrating on a combination of concen-
tric, eccentric, and isometric exercises designed
both to increase strength through a full multi-
planar ROM and to improve core stabilization
and neuromuscular control.?

Isometric Exercise

Isometric exercises are commonly per-
formed in the early phase of rehabilitation
when a joint is immobilized for a time. They are
useful when using resistance training, though
a full ROM might make the injury worse.
Isometrics increase static strength and assist in
decreasing the amount of atrophy. Isometrics
also can lessen swelling by causing a muscle
pumping action to remove fluid and edema (see
Chapter 9).

Progressive Resistive Exercise

Progressive resistive exercise is the most
commonly used strengthening technique in a
rehabilitation program. Progressive resistive
exercise may be done using free weights, exer-
cise machines, or rubber tubing (Figure 1-7).26

\:/

Figure 1-8. Isokinetic exercise is most often used in the
later stages of rehabilitation. (Reprinted with permission
from Biodex Medical Systems.)

Progressive resistive exercise uses isotonic con-
tractions in which force is generated while the
muscle is changing in length. Isotonic contrac-
tions may be either concentric or eccentric. In
a rehabilitation program, the athletic trainer
should incorporate both eccentric and con-
centric strengthening exercises. Traditionally,
progressive resistive exercise has concentrated
primarily on the concentric component and
has, to some extent, minimized the importance
of the eccentric component (see Chapter 9).

Isokinetic Exercise

Isokinetic exercise is occasionally used in
the rehabilitative process. It is most often incor-
porated during the later phases of a rehabilita-
tion program. Isokinetic exercise uses a fixed
speed with accommodating resistance to pro-
vide maximal resistance throughout the ROM
(Figure 1-8). The speed of movement can be
altered in isokinetic exercise. Isokinetic mea-
sures are commonly used as a criteria for return
of the patient to functional activity following
injury.

Plyometric Exercise

Plyometric exercise, also referred to as reac-
tive neuromuscular training, is most often
incorporated into the later stages of a reha-
bilitation program.l0 Plyometric exercise uses a
quick eccentric stretch to facilitate a subsequent
concentric contraction. Plyometric exercise is
useful in restoring or developing the patient’s
ability to produce dynamic movements associ-
ated with muscular power (Figure 1-9). The
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Figure 1-9. Plyometric exercise focuses on improving
dynamic power movements.

ability to generate force very rapidly is a key to
successful performance in many sport activi-
ties. It is critical to address the element of mus-
cular power in rehabilitation programs for the
injured patient (see Chapter 11).

Open vs Closed
Kinetic Chain Exercise

The concept of the kinetic chain deals with
the anatomical functional relationships that
exist in the upper and lower extremities (see
Chapter 12). An open kinetic chain exists when
the foot or hand is not in contact with the
ground or some other surface.l8 In a closed
kinetic chain, the foot or hand is weightbearing
(Figure 1-10). In rehabilitation, both open and
closed kinetic chain exercises should be incor-
porated into a rehabilitation program. Closed
kinetic chain exercises use varying combina-
tions of isometric, concentric, and eccentric
contractions that must occur simultaneously in
different muscle groups within the chain.

Figure 1-10. Closed kinetic chain exercises are widely
used in rehabilitation. (Reprinted with permission from
Shuttle Systems, Glacier, WA.)

Figure 1-11. Every rehabilitation program must include
some exercise designed to maintain cardiorespiratory
fitness, such as running on an underwater treadmill.

Maintaining Cardiorespiratory
Fitness

Maintaining cardiorespiratory fitness is per-
haps the single most neglected component of
a rehabilitation program (see Chapter 10). An
athlete spends a considerable amount of time
preparing the cardiorespiratory system to be
able to handle the increased demands made
upon it during a competitive season. When
injury occurs and the patient is forced to miss
training time, cardiorespiratory fitness can
decrease rapidly. Thus, the athletic trainer must
design or substitute alternative activities that
allow the patient to maintain existing levels of
cardiorespiratory fitness as early as possible in
the rehabilitation period20 (Figure 1-11).

Depending on the nature of the injury,
a number of possible activities can help the
patient maintain fitness levels. When there is
a lower extremity injury, nonweightbearing
activities should be incorporated. Pool activi-
ties provide an excellent means for injury reha-
bilitation. Cycling can also positively stress the
cardiorespiratory system.
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Figure 1-12. Progression through a rehabilitation
program can be broken down into 3 phases: the
stabilization phase, strength phase, and power phase.

Functional Progressions

The purpose of any program of rehabilitation
is to restore normal function following inju-
ry.1% Functional progressions involve a series
of gradually progressive activities designed to
prepare the individual for return to a specific
activityl4 (see Chapter 16). Those skills neces-
sary for successful participation in a given sport
are broken down into component parts, and the
patient gradually reacquires those skills within
the limitations of his or her own individual
progress.ll Progression through the rehabili-
tation program may be broken down into 3
phases: the stabilization phase, strengthening
phase, and power phase (Figure 1-12). The sta-
bilization phase begins with exercises designed
to correct the deficits in the structural integrity
of the kinetic chain, including muscle dysfunc-
tion, joint dysfunctions, neuromuscular defi-
cits, and postural control and stability. These
deficits must be addressed prior to beginning
an aggressive rehabilitation program to cor-
rect muscle imbalances, recondition injured
structures, prepare tissues for the physical
demands of the rehabilitation program, prevent
tissue overload through progressive adaptation,
improve work capacity, and improve stabiliza-
tion strength, thus establishing optimal levels
of stabilization, strength, and postural control.
Exercises should progress from isometric to
multiplanar activities designed to recruit joint
stabilizers, thus improving neuromuscular effi-
ciency, core stability, functional strength, and
functional flexibility.”

The strength phase is used to enhance
stabilization strength and endurance during
functional movement patterns by incorporat-
ing high-volume resistive exercises that force
motor unit recruitment after the prime movers
are fatigued. For example, after performing
a strength exercise, the patient immediately
engages in a stabilization exercise that forces
neuromuscular stabilization of that movement.
During this phase, the goal is to achieve several
adaptive changes by challenging the neuromus-
cular system, including an increase in the cross
sectional diameter of the muscle, increased
resistance to fatigue, and increased stabiliza-
tion strength to control joint translation during
functional movements. 7

The power phase is particularly important
for an injured athlete who is attempting to
return to high-level, physically demanding
activity. An athlete who needs high levels of
both muscular strength and power should first
use exercises that incorporate multiplanar, con-
centric, eccentric, and isometric contractions
to increase strength. Maximal power is then
developed by training at 30% to 45% of maxi-
mum strength and by accelerating through the
entire ROM.7 During this phase, the goal is to
enhance neuromuscular efficiency and power
production by increasing motor neuron excit-
ability, thus increasing speed strength through-
out the entire ROM. For most individuals,
the rate of force production is the single most
important neural adaptation.”

Every new activity introduced must be care-
fully monitored by the athletic trainer to deter-
mine the patient’s ability to perform and her or
his physical tolerance. If an activity does not
produce additional pain or swelling, the level
should be advanced; new activities should be
introduced as quickly as possible.

Functional progressions will gradually help
the injured patient achieve normal pain-free
ROM, restore adequate strength levels, and
regain neuromuscular control throughout the
rehabilitation program.l!

Functional Testing

Functional testing uses functional pro-
gression drills to assess the patient’s ability
to perform a specific activity (Figure 1-13).
Functional testing involves a single maximal
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effort performed to indicate how close the
patient is to a full return to activity. For years,
athletic trainers have assessed patients’ prog-
ress with a variety of functional tests, including
agility runs (figure 8s, shuttle run, carioca),
sidestepping, vertical jump, hopping for time
or distance, and cocontraction tests”19 (see
Chapter 16).

Criteria for Full Recovery

All exercise rehabilitation plans must deter-
mine what is meant by complete recovery from
an injury.26 Often, it means that the patient is
fully reconditioned and has achieved full range
of movement, strength, neuromuscular control,
cardiovascular fitness, and sport-specific func-
tional skills. Besides physical well-being, the
patient must also have regained full confidence
to return to his or her activity.

For example, specific criteria for a return to
full activity after rehabilitation of the injured
knee is largely determined by the nature and
severity of the specific injury, but it also depends
on the philosophy and judgment of both the
physician and the athletic trainer. Traditionally,
return to activity has been dictated through
both objective and subjective evaluations.

For the athletic patient, criteria for return
should be based on functional capabilities, as
indicated by performance on specific function-
al tests that are closely related to the demands of
a particular activity. Performance on functional
tests, such as those described in Chapter 16
(hop test, cocontraction test), should serve as
primary determinants of the patient’s capability
to return to full activity. Data on the majority
of these tests are well documented. A number
of data-based research studies have objectively
quantified performance on various functional
tests. These functional tests are extremely use-
ful and valuable tools for determining readiness
to return to full activity.

The decision to release a patient recovering
from injury to a full return to athletic activity
is the final stage of the rehabilitation/recovery
process. The decision should be carefully con-
sidered by each member of the sports medicine
team involved in the rehabilitation process. The
team physician should be ultimately responsible
for deciding that the patient is ready to return
to practice and/or competition. That decision
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Figure 1-13. Performance on functional tests can
determine the athlete’s capability to return to full activity.

should be based on collective input from the
athletic trainer, coach, and patient.
In considering the patient’s return to activ-
ity, the following concerns should be addressed:
e Physiological healing constraints: Has
rehabilitation progressed to the later stages
of the healing process?

e Pain status: Has pain disappeared, or is the
patient able to play within her or his own
levels of pain tolerance?

o Swelling: Is there still a chance that swell-
ing could be exacerbated by return to
activity?

e ROM: Is ROM adequate to allow the patient
to perform both effectively and with mini-
mized risk of reinjury?

e Strength: Is strength, endurance, or power
great enough to protect the injured struc-
ture from reinjury?

e Neuromuscular control/proprioception/
kinesthesia: Has the patient “relearned”
how to use the injured body part?

e Cardiorespiratory fitness: Has the patient
been able to maintain cardiorespiratory
fitness at or near the level necessary for
competition?
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e Sport-specific demands: Are the demands
of the sport or a specific position such that
the patient will not be at risk of reinjury?

e Functional testing: Does performance on
appropriate functional tests indicate that
the extent of recovery is sufficient to allow
successful performance?

e Prophylactic strapping, bracing, padding:
Are any additional supports necessary for
the injured patient to return to activity?

e Responsibility of the patient: Is the patient
capable of listening to his or her body and
recognizing situations that present a poten-
tial for reinjury?

e DPredisposition to injury: Is this patient
prone to reinjury or a new injury when he
or she is not 100% recovered?

e Psychological factors: Is the patient capable
of returning to activity and competing at a
high level without fear of reinjury?

e Patient education and preventive mainte-
nance program: Does the patient under-
stand the importance of continuing to
engage in conditioning exercises that can
greatly reduce the chances of reinjury?

Clinical Decision-Making Exercise 1-6 ‘

After 1 week of managing a first-degree hamstring
strain, a track patient has decided that she is ready
to compete. She has no signs of inflammation. She
has regained full strength and ROM. What else
should be taken into consideration before she is
allowed to compete again?

DOCUMENTATION IN
REHABILITATION

Athletic trainers must develop proficiency
not only in their ability to constantly evaluate
an injury, but also in their ability to generate an
accurate report of the findings from that evalu-
ation. Accurate and detailed recordkeeping that
documents initial injury evaluations, treatment
records, and notes on progress throughout a
rehabilitation program is critical for the athletic
trainer.26 This is particularly true considering
the number of malpractice lawsuits in health

care. For the athletic trainer working in a clini-
cal setting, clear, concise, accurate recordkeep-
ing is necessary for third-party reimbursement.
Although this may be difficult and time-con-
suming for the athletic trainer who treats and
deals with a large number of patients each day,
it is an area that simply cannot be neglected.
Documentation and recordkeeping will be dis-
cussed in detail in Chapter 3.

LEGAL CONSIDERATIONS
IN SUPERVISING A
REHABILITATION PROGRAM

Regarding the treatment and rehabilitation
of athletic injuries, currently there is contro-
versy about the specific roles of individuals
with various combinations of educational back-
ground, certification, and licensure. States vary
considerably in their laws governing what an
athletic trainer may and may not do in super-
vising a program of rehabilitation for an injured
patient. Many states have specific guidelines in
their licensure act that dictate how the athletic
trainer may incorporate a variety of treatment
tools into the treatment regimen. Each athletic
trainer should ensure that any use of a specific
tool or technique of rehabilitation is within the
limits allowed by the laws of his or her particu-
lar state.

SUMMARY

1. The athletic trainer is responsible for the
design, implementation, and supervision of
the rehabilitation program for the injured
patient.

2. The rehabilitation philosophy in sports
medicine is aggressive, with the ultimate
goal being to return the injured patient
to full activity as quickly and safely as
possible.

3. To be effective in overseeing a rehabilita-
tion program, the athletic trainer must
have a sound understanding of the healing
process, biomechanics of normal move-
ment, and psychological aspects of the
rehabilitative process.
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. The athletic trainer must develop a broad
theoretical knowledge base from which
specific techniques or tools of rehabilita-
tion can be selected and practically applied
to each individual case without relying on
“recipe” rehabilitation protocols.

. Therapeutic exercises are rehabilitative or
reconditioning exercises that are specif-
ically concerned with restoring normal
body function following injury.

. Controlling swelling immediately fol-
lowing injury is perhaps the single most
important aspect of injury rehabilitation
in a sports medicine setting. If the swelling
can be controlled initially in the acute stage
of injury, the time required for rehabilita-
tion is likely to be significantly reduced.

. Short-term goals of a rehabilitation pro-
gram: (1) providing correct immediate
first aid and management following injury
to limit or control swelling; (2) reducing
or minimizing pain; (3) establishing core
stability; (4) reestablishing neuromuscu-
lar control; (5) restoring full ROM; (6)
restoring or increasing muscular strength,
endurance, and power; (7) improving pos-
tural stability and balance; (8) maintaining
cardiorespiratory fitness; and (9) incorpo-
rating appropriate functional progressions.

. Criteria for return should be based on
functional capabilities as indicated by per-
formance on specific functional tests that
are closely related to the demands of a
particular activity.

. The athletic trainer should ensure that any
specific tool or technique of rehabilitation
that he or she chooses to use is within the
limits of practice allowed by the laws of his
or her particular state.
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SOLUTIONS TO CLINICAL
DECISION-MAKING
EXERCISES

Exercise 1-1. The athletic trainer’s decisions
about a rehabilitation progression should be
based on the following aspects: healing process,
pathomechanics of the injury, cardiovascular
fitness, and the equipment available. A good

understanding of these aspects will ensure that
the athletic trainer is progressing the patient at
an appropriate rate.

Exercise 1-2. Her concerns should be dis-
cussed with the orthopedist. The doctor and
athletic trainer should maintain open commu-
nication throughout a patient’s rehabilitation so
that a good working relationship is maintained
and the doctor’s philosophy persists throughout
the rehabilitation process.

Exercise 1-3. He should understand the
SAID principle. The muscles and soft tissue will
adapt gradually to increasing demands placed
on it. If the demands are too great, they can be
detrimental to the healing process

Exercise 1-4. In general, the short-term
goals for rehabilitation of an acute injury are
to target inflammation and restore ROM. More
specifically, pain and swelling should be con-
trolled using PRICE. Once the patient pro-
gresses through the inflammatory phase, the
goals become to restore muscular strength,
endurance, and power. Neuromuscular control,
balance, and cardiorespiratory fitness must
also be regained. Long-term goals are to regain
functional ability and return to play as soon as
possible.

Exercise 1-5. The patient should be taped
and encouraged to keep up with the therapeutic
exercise program while continuing to use ice
and anti-inflammatories.

Exercise 1-6. She should have sufficient neu-
romuscular control/balance. Her cardiovascu-
lar endurance should be at a level that will allow
her to be competitive again without reinjury.
She should be able to perform a series of func-
tional tests that indicate she will withstand the
demands of competition without reinjury. She
should also be able to perform with confidence
and know when to stop if she is in danger of
reinjury.

Please see videos on the accompanying website at
www.healio.com/books/sportsmedvideos7e
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Figure 2-1. A cycle of sport-related injury. (Adapted from Booher JM, Thibadeau GA. Athletic Injury Assessment. St.

Louis, MO: Mosby; 2000.)16

Injury rehabilitation requires sound knowl-
edge and understanding of the etiology and
pathology involved in various musculoskel-
etal injuries that may occur.!77l When injury
occurs, the athletic trainer is charged with
designing, implementing, and supervising the
rehabilitation program. Rehabilitation proto-
cols and progressions must be based primarily
on the physiologic responses of the tissues to
injury and on an understanding of how various
tissues heal.62 Thus, the athletic trainer must
understand the healing process to effectively
supervise the rehabilitative process. This chap-
ter discusses the healing process relative to the
various musculoskeletal injuries that may be
encountered by an athletic trainer.

UNDERSTANDING THE
HEALING PROCESS

Rehabilitation programs must be based on
the cycle of the healing process (Figure 2-1).
The athletic trainer must have a sound under-
standing of the sequence of the various phases
of the healing process. The physiologic respons-
es of the tissues to trauma follow a predictable
sequence and time frame.3> Decisions on how
and when to alter and progress a rehabilitation
program should be primarily based on recogni-
tion of signs and symptoms, as well as on an
awareness of the time frames associated with
the various phases of healing.#¢ The healing
process consists of the inflammatory response
phase, fibroblastic repair phase, and matura-
tion remodeling phase. It must be stressed that
although the phases of healing are presented as
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Cut blood vessels bleed into the wound.

Blood clot

Blood vessels regrow, and granulation tissue forms.

tissue librosis occurs.

Figure 2-2. Initial injury and inflammatory response phase of the healing process. (A) Cut blood vessels bleed into the
wound. (B) Blood clot forms, and leukocytes clean the wound. (C) Blood vessels regrow, and granulation tissue forms in
the fibroblastic repair phase of the healing process. (D) Epithelium regenerates, and connective tissue fibrosis occurs in
the maturation-remodeling phase of the healing process. (Adapted from McKinley M, O’Loughlin V. Human Anatomy:

An Integrative Approach. Chicago, IL: McGraw-Hill; 2015.)

3 separate entities, the healing process is a con-
tinuum. Phases of the healing process overlap
one another and have no definitive beginning
or end points.63

Primary Injury

Primary injuries are almost always described
as being either chronic or acute in nature, result-
ing from macrotraumatic or microtraumatic
forces. Injuries classified as macrotraumatic
occur as a result of acute trauma and produce
immediate pain and disability. Macrotraumatic
injuries include fractures, dislocations, sub-
luxations, sprains, strains, and contusions.
Microtraumatic injuries are most often called

overuse injuries and result from repetitive over-
loading or incorrect mechanics associated with
repeated motion.> Microtraumatic injuries
include tendinitis, tendinosis, tenosynovitis,
bursitis, etc. A secondary injury is essentially
the inflammatory or hypoxia response that
occurs with the primary injury.

Inflammatory Response Phase

Once a tissue is injured, the process of
healing begins immediately88 (Figure 2-2A).
The destruction of tissue produces direct
injury to the cells of the various soft tissues.
Cellular injury results in altered metabolism
and the liberation of materials that initiate
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the inflammatory response. It is characterized
symptomatically by redness, swelling, tender-
ness, and increased temperature.20 This initial
inflammatory response is critical to the entire
healing process.”2 If this response does not
accomplish what it is supposed to or if it does
not subside, normal healing cannot take place.

Inflammation is a process through which
leukocytes and other phagocytic cells and exu-
dates are delivered to the injured tissue. This
cellular reaction is generally protective, tending
to localize or dispose of injury byproducts (eg,
blood and damaged cells) through phagocy-
tosis, thus setting the stage for repair. Local
vascular effects, disturbances of fluid exchange,
and migration of leukocytes from the blood to
the tissues occur.”0

Clinical Decision-Making Exercise 2-1

A physical education student fell on his wrist
playing flag football. It is very swollen, and he has
decreased strength and range of motion. The ath-
letic trainer does not suspect a fracture. A decision
is made to provide an initial treatment instead of
sending the student to the emergency room. What
should the athletic trainer’s goals be at this time?

Hemostasis

Hemostasis is a vascular reaction that
involves vascular spasm, formation of a plate-
let plug, blood coagulation, and growth of
fibrous tissue.®> The immediate response to tis-
sue damage is a vasoconstriction of the vascular
walls in the vessels leading away from the site
of injury that lasts for about 5 to 10 minutes.
This vasoconstriction presses the opposing
endothelial wall linings together to produce a
local anemia that is rapidly replaced by hyper-
emia of the area as a result of vasodilation.18
This increase in blood flow is transitory and
gives way to slowing of the flow in the dilated
vessels, thus enabling the leukocytes to slow
down and adhere to the vascular endothelium.
Eventually, there is stagnation and stasis. The
initial effusion of blood and plasma lasts for 24
to 36 hours.

Chemical Mediators

The events in the inflammatory response are
initiated by a series of interactions involving

several chemical mediators, which cause the
vascular and cellular changes resulting from
inflammation. Some of these chemical media-
tors are derived from the invading organ-
ism, some are released by the damaged tis-
sue, others are generated by several plasma
enzyme systems, and still others are products
of various white blood cells participating in the
inflammatory response. Four chemical media-
tors—cytokines, leukotrienes, prostaglandins,
and histamine—are important in limiting the
amount of exudate, and thus swelling, after
injury. Cytokines, in particular chemokines
and interleukin, are the major regulators of leu-
kocyte traffic and help to attract leukocytes to
the actual site of inflammation. Responding to
the presence of chemokines, phagocytes enter
the site of inflammation within a few hours.
Leukotrienes and prostaglandins are respon-
sible for margination, in which leukocytes (neu-
trophils and macrophages) adhere along the
cell walls. They also increase cell permeability
locally, thus affecting the passage of the fluid
and white blood cells through cell walls via dia-
pedesis to form exudate. Consequently, vaso-
dilation and active hyperemia are important
in exudate (plasma) formation and in supply-
ing leukocytes to the injured area. Histamine,
released from the injured mast cells, causes
vasodilation and increased cell permeability,
owing to a swelling of endothelial cells and
then separation between the cells. The amount
of swelling that occurs is directly related to the
extent of vessel damage.

Formation of a Clot

Platelets do not normally adhere to the
vascular wall. However, injury to a vessel dis-
rupts the endothelium and exposes the collagen
fibers. Platelets adhere to the collagen fibers
to create a sticky matrix on the vascular wall,
to which additional platelets and leukocytes
adhere and eventually form a plug. These plugs
obstruct local lymphatic fluid drainage and
thus localize the injury response (Figure 2-2B).

The initial event that precipitates clot forma-
tion is the conversion of fibrinogen to fibrin.
This transformation occurs because of a cas-
cading effect, beginning with the release of a
protein molecule called thromboplastin from
the damaged cell. Thromboplastin causes pro-
thrombin to be changed into thrombin, which,
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in turn, causes the conversion of fibrinogen
into a very sticky fibrin clot that shuts off
blood supply to the injured area. Clot forma-
tion begins around 12 hours after injury and is
completed within 48 hours.

As a result of a combination of these factors,
the injured area becomes walled off during the
inflammatory stage of healing. The leukocytes
phagocytize most of the foreign debris toward
the end of the inflammatory phase, setting
the stage for the fibroblastic phase. This initial
inflammatory response lasts for about 2 to
4 days after initial injury.

Clinical Decision-Making Exercise 2-2

A back-stroker suffered a second-degree latissimus
dorsi strain. The coach wants to know why he can’t
be ready to compete the next day. What should the
athletic trainer tell the coach about the healing
process and how long it may take the strain to heal?

Chronic Inflammation

A distinction must be made between the
acute inflammatory response as previously
described and chronic inflammation. Chronic
inflammation occurs when the acute inflam-
matory response does not respond sufficiently
to eliminate the injuring agent and restore tis-
sue to its normal physiologic state. Thus, only
low concentrations of the chemical mediators
are present. The neutrophils that are normally
present during acute inflammation are replaced
by macrophages, lymphocytes, fibroblasts, and
plasma cells. As this low-grade inflammation
persists, damage occurs to connective tissue,
resulting in tissue necrosis and fibrosis pro-
longing the healing process. Chronic inflam-
mation involves the production of granulation
tissue and fibrous connective tissue. These
cells accumulate in a highly vascularized and
innervated loose connective tissue matrix in
the area of injury.”> The specific mechanisms
that cause an insufficient acute inflammatory
response are unknown, but they appear to be
related to situations that involve overuse or
overload with cumulative microtrauma to a
particular structure.l! There is no specific time
frame in which the acute inflammation transi-
tions to chronic inflammation. It does appear

that chronic inflammation is resistant to both
physical and pharmacologic treatments.”2

Use of Anti-Inflammatory
Medications

A physician will routinely prescribe non-
steroidal anti-inflammatory drugs (NSAIDs)
for a patient who has sustained an injury.”®
These medications are certainly effective in
minimizing pain and swelling associated with
inflammation and can enhance return to nor-
mal activity. However, there are some concerns
that the use of NSAIDs acutely following injury
might actually interfere with inflammation,
thus delaying the healing process.

Fibroblastic Repair Phase

During the fibroblastic phase of healing,
proliferative and regenerative activity leading to
scar formation and repair of the injured tissue
follows the vascular and exudative phenomena
of inflammation3> (Figure 2-2C). The period of
scar formation referred to as fibroplasia begins
within the first few hours after injury and can
last as long as 4 to 6 weeks. During this period,
many of the signs and symptoms associated
with the inflammatory response subside. The
patient might still indicate some tenderness to
touch and will usually complain of pain when
particular movements stress the injured struc-
ture. As scar formation progresses, complaints
of tenderness or pain gradually disappear.26

During this phase, growth of endothelial
capillary buds into the wound is stimulated
by a lack of oxygen, after which the wound is
capable of healing aerobically.20 Along with
increased oxygen delivery comes an increase in
blood flow, which delivers nutrients essential
for tissue regeneration in the area.20

The formation of a delicate connective tis-
sue called granulation tissue occurs with the
breakdown of the fibrin clot. Granulation tissue
consists of fibroblasts, collagen, and capillaries.
It appears as a reddish granular mass of con-
nective tissue that fills in the gaps during the
healing process.

As the capillaries continue to grow into the
area, fibroblasts accumulate at the wound site,
arranging themselves parallel to the capillaries.
Fibroblastic cells begin to synthesize an extra-
cellular matrix that contains protein fibers of
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collagen and elastin, a ground substance that
consists of nonfibrous proteins called proteo-
glycans, glycosaminoglycans, and fluid. On
about day 6 or 7, fibroblasts also begin pro-
ducing collagen fibers that are deposited in a
random fashion throughout the forming scar.
As the collagen continues to proliferate, the
tensile strength of the wound rapidly increases
in proportion to the rate of collagen synthesis.
As the tensile strength increases, the number of
fibroblasts diminishes, signaling the beginning
of the maturation phase.

This normal sequence of events in the repair
phase leads to the formation of minimal scar
tissue. Occasionally, a persistent inflammatory
response and continued release of inflamma-
tory products can promote extended fibroplasia
and excessive fibrogenesis, which can lead to
irreversible tissue damage.® Fibrosis can occur
in synovial structures, as with adhesive capsu-
litis in the shoulder, in extra-articular tissues
including tendons and ligaments, in bursa, or
in muscle.

Clinical Decision-Making Exercise 2-3

A cross-country runner strained her quadriceps.
How will the healing process for this injury differ
from the process for a ligamentous injury?

The Importance of Collagen

Collagen is a major structural protein that
forms strong, flexible, inelastic structures that
hold connective tissue together. There are at
least 16 types of collagen, but 80% to 90% of the
collagen in the body consists of types I, II, and
III. Type I collagen is found in skin, fascia, ten-
don, bone, ligaments, cartilage, and interstitial
tissues; type II can be found in hyaline cartilage
and vertebral discs; and type III is found in
skin, smooth muscle, nerves, and blood vessels.
Type III collagen has less tensile strength than
does type I and tends to be found more in the
fibroblastic repair phase. Collagen enables a
tissue to resist mechanical forces and deforma-
tion. Elastin, however, produces highly elastic
tissues that assist in recovery from deforma-
tion. Collagen fibrils are the load-bearing ele-
ments of connective tissue. They are arranged
to accommodate tensile stress but are not as

capable of resisting shear or compressive stress.
Consequently, the direction of orientation of
collagen fibers is along lines of tensile stress.>2

Collagen has several mechanical and physi-
cal properties that allow it to respond to loading
and deformation, permitting it to withstand
high tensile stress. The mechanical properties
of collagen include elasticity, which is the capa-
bility to recover normal length after elongation;
viscoelasticity, which allows for a slow return
to normal length and shape after deformation;
and plasticity, which allows for permanent
change or deformation. The physical proper-
ties include force relaxation, which indicates
the decrease in the amount of force needed to
maintain a tissue at a set amount of displace-
ment or deformation over time; creep response,
which is the ability of a tissue to deform over
time while a constant load is imposed; and
hysteresis, which is the amount of relaxation a
tissue has undergone during deformation and
displacement. Injury results when the mechani-
cal and physical limitations of connective tissue
are exceeded.62

Maturation Remodeling Phase

The maturation remodeling phase of healing
is a long-term process (Figure 2-2D). This phase
features a realignment or remodeling of the
collagen fibers that make up scar tissue accord-
ing to the tensile forces to which that scar is
subjected. Ongoing breakdown and synthesis of
collagen occur with a steady increase in the ten-
sile strength of the scar matrix. With increased
stress and strain, the collagen fibers realign in a
position of maximum efficiency parallel to the
lines of tension.” The tissue gradually assumes
normal appearance and function, although a
scar is rarely as strong as the normal injured tis-
sue. Usually by the end of about 3 weeks, a firm,
strong, contracted, nonvascular scar exists. The
maturation phase of healing might require sev-
eral years to be totally complete.

Role of Progressive Controlled
Mobility During the Healing Process

Wolff’s law states that bone and soft tissue
will respond to the physical demands placed
on them, causing them to remodel or realign
along lines of tensile force.8¢ Consequently, it
is critical that injured structures be exposed to
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progressively increasing loads throughout the
rehabilitative process.”2

In animal models, controlled mobilization
is superior to immobilization for scar forma-
tion, revascularization, muscle regeneration,
and reorientation of muscle fibers and ten-
sile properties.89 However, a brief period of
immobilization of the injured tissue during
the inflammatory response phase is recom-
mended and will likely facilitate the process
of healing by controlling inflammation, thus
reducing clinical symptoms. As healing pro-
gresses to the repair phase, controlled activity
directed toward return to normal flexibility
and strength should be combined with protec-
tive support or bracing.44 Generally, clinical
signs and symptoms disappear at the end of
this phase.

As the remodeling phase begins, aggressive
active range of motion (ROM) and strengthen-
ing exercises should be incorporated to facili-
tate tissue remodeling and realignment. To a
great extent, pain will dictate the rate of pro-
gression. With initial injury, pain is intense; it
tends to decrease and eventually subside alto-
gether as healing progresses. Any exacerbation
of pain, swelling, or other clinical symptoms
during or after a particular exercise or activity
indicate that the load is too great for the level of
tissue repair or remodeling. The therapist must
be aware of the time required for the healing
process and realize that being overly aggressive
can interfere with that process.

Clinical Decision-Making Exercise 2-4

A track athlete is recovering from a grade 1 ankle
sprain. Beginning exercises as soon as possible will
increase the injured runner’s chances of recovering
quickly and strongly. Why is this so?

Factors That Impede Healing

Extent of Injury

The nature of the inflammatory response is
determined by the extent of the tissue injury.
Microtears or soft tissue involve only minor
damage and are most often associated with
overuse. Macrotears involve significantly

greater destruction of soft tissue and result
in clinical symptoms and functional altera-
tions. Macrotears are generally caused by acute
trauma.””

Edema

The increased pressure caused by swelling
retards the healing process, causes separa-
tion of tissues, inhibits neuromuscular control,
produces reflexive neurologic changes, and
impedes nutrition in the injured part. Edema
is best controlled and managed during the ini-
tial first-aid management period, as described
previously.3

Hemorrhage

Bleeding occurs with even the smallest
amount of damage to the capillaries. Bleeding
produces the same negative effects on healing
as does the accumulation of edema, and its
presence produces additional tissue damage
and, thus, exacerbation of the injury.3”

Poor Vascular Supply

Injuries to tissues with a poor vascular sup-
ply heal poorly and at a slow rate. This response
is likely related to a failure in the initial delivery
of phagocytic cells and fibroblasts necessary for
scar formation.37

Separation of Tissue

Mechanical separation of tissue can signifi-
cantly impact the course of healing. A wound
that has smooth edges in good apposition will
tend to heal by primary intention with minimal
scarring. Conversely, a wound that has jagged,
separated edges must heal by secondary inten-
tion, with granulation tissue filling the defect,
and excessive scarring.

Muscle Spasm

Muscle spasm causes traction on the torn tis-
sue, separates the 2 ends, and prevents approxi-
mation. Local and generalized ischemia can
result from spasm.

Atrophy

Wasting away of muscle tissue begins imme-
diately with injury. Strengthening and early
mobilization of the injured structure retard
atrophy.
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Corticosteroids

Use of corticosteroids in the treatment of
inflammation is controversial. Steroid use in
the early stages of healing has been demon-
strated to inhibit fibroplasia, capillary prolif-
eration, collagen synthesis, and increases in
tensile strength of the healing scar. Their use
in the later stages of healing and with chronic
inflammation is debatable.3

Keloids and Hypertrophic Scars

Keloids occur when the rate of collagen pro-
duction exceeds the rate of collagen breakdown
during the maturation phase of healing. This
process leads to hypertrophy of scar tissue, par-
ticularly around the periphery of the wound.

Infection

The presence of bacteria in the wound can
delay healing, causes excessive granulation tis-
sue, and frequently causes large, deformed
scars.16

Humidity, Climate,
and Oxygen Tension

Humidity significantly influences the pro-
cess of epithelialization. Occlusive dressing
stimulates the epithelium to migrate twice as
fast without crust or scab formation. The for-
mation of a scab occurs with dehydration of
the wound and traps wound drainage, which
promotes infection. Keeping the wound moist
provides an advantage for the necrotic debris to
go to the surface and be shed.

Oxygen tension relates to the neovascular-
ization of the wound, which translates into opti-
mal saturation and maximal tensile strength
development. Circulation to the wound can be
affected by ischemia, venous stasis, hematomas,
and vessel trauma.

Health, Age, and Nutrition

The elastic qualities of the skin decrease with
age. Degenerative diseases, such as diabetes and
arteriosclerosis, also become a concern of the
older patient and can affect wound healing. It
has been shown that malnutrition negatively
affects the healing process.”> A patient who
is undernourished or malnourished prolongs
the inflammatory response phase and thus
delays the fibroblastic phase by decreasing the
proliferation of fibroblasts and subsequently

the formation of collagen, thus reducing ten-
sile strength of the healing wound. It can also
increase the risk for infection by decreasing
T-cell function and phagocytic activity.”>

THE IMPORTANCE OF
NUTRITION TO THE
HEALING PROCESS

It appears that nutrition plays a critical role
in the healing process regardless of the type of
tissue that is injured.”> Healing of injuries to
any of the body’s tissues requires optimal intake
of various nutrients, which collectively provide
the energy necessary to fuel the healing pro-
cess. Nutrients have 3 major functions: produc-
tion of energy; growth, repair, and maintenance
of all body tissues; and regulation of body
processes.33 Nutrients are categorized into 6
major classes: carbohydrates, fats (also called
lipids), proteins, water, vitamins, and minerals.
Carbohydrates, proteins, and fats are referred
to as the macronutrients, the absorbable com-
ponents of food from which energy is derived.62
Multiple factors, both individually and col-
lectively, dictate energy demands, including
age, gender, activity level, basal metabolic rate,
nutritional status, body mass index, stress of ill-
ness, severity, size and number of wounds, and
stage in the healing process.8>

Carbohydrates are the body’s most efficient
immediate source of energy. During diges-
tion, carbohydrates are easily broken down and
converted to glucose. The glucose that is not
needed to provide immediate energy is stored
as glycogen in the liver and muscle cells. A sup-
ply of glucose must be kept available to prevent
the use of protein for energy. This is called the
protein-sparing action of glucose.

Like carbohydrates, fats are a primary
source of energy. Fats are the most concentrated
source of energy, providing more than twice the
calories per gram when compared with carbo-
hydrates or proteins.62 However, the role of
fat in wound healing is not clear, but it is well
accepted that with injury, there is an increased
need for essential fatty acids. For example, w-3
fatty acids have anti-inflammatory actions,
improve immune function, and reduce infec-
tion rates.”>
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Figure 2-3. General anatomy of a synovial joint.
(Reprinted with permission from Saladin K.
Anatomy & Physiology. 6th ed. New York, NY:
McGraw-Hill; 2014.)67

Proteins play the most critical role through-
out the whole healing process.8> Proteins make
up the major structural components of the body.
They are needed for the growth, maintenance,
and repair of all body tissues. The cells that
make up the immune system, including leuko-
cytes, macrophages, lymphocytes, monocytes,
and phagocytic cells, are composed primarily
of proteins. These cells each play an essential
role during the inflammatory response phase,
which initiates the healing process. Protein is
also necessary for the synthesis of enzymes
involved in wound healing, many hormones,
antibodies that help fight infection, and prolif-
eration of connective tissue cells and collagen.”>

Vitamins, minerals, and water are considered
to be micronutrients, which are necessary for
regulating normal body functions.62 They
do not provide energy, but without sufficient
quantities of micronutrients, the energy from
macronutrients cannot be utilized. Vitamin A
stimulates the immune system by increasing
the number of macrophages and monocytes in
a wound during inflammation. Both Vitamins
A and C enhance wound healing by stimulating
epithelialization and increasing collagen depo-
sition by fibroblasts. Vitamin C also enhances
capillary formation and neutrophil activity.”>8>

Magnesium, copper, and zinc are minerals,
each of which contributes to tissue healing.
Magnesium is a cofactor for enzymes neces-
sary for protein and collagen formation and

tissue growth during wound healing. Copper
is important in the formation of hemoglobin.
Zinc is essential in numerous aspects of cellular
metabolism including immune function, DNA
synthesis, and protein and collagen synthesis.”>

Water is the most essential of all the nutri-
ents. Ensuring adequate water intake is neces-
sary for perfusion and oxygenation of healthy
and healing tissues. Prevention and treatment
of skin breakdown requires optimal fluid
intake.”>

INJURIES TO ARTICULAR
STRUCTURES

Before discussing injuries to the various
articular structures, a review of joint structure
is in order?8 (Figure 2-3). All synovial joints are
composed of 2 or more bones that articulate
with one another to allow motion in one or
more places. The articulating surfaces of the
bone are lined with a very thin, smooth, car-
tilaginous covering called a hyaline cartilage.
All joints are entirely surrounded by a thick,
ligamentous joint capsule. The inner surface of
this joint capsule is lined by a very thin syno-
vial membrane that is highly vascularized and
innervated. The synovial membrane produces
synovial fluid, the functions of which include
lubrication, shock absorption, and nutrition of
the joint.48
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Figure 2-4. Grade 3 ligament sprain in the knee joint.

Some joints contain a thick fibrocartilage
called a meniscus. The knee joint, for example,
contains 2 wedge-shaped menisci that deepen
the articulation and provide shock absorption
in that joint. Finally, the main structural sup-
port and joint stability is provided by the liga-
ments, which may be either thickened portions
of a joint capsule or totally separate bands.

Ligament Sprains

Ligaments are composed of dense connec-
tive tissue arranged in parallel bundles of colla-
gen composed of rows of fibroblasts. Although
bundles are arranged in parallel, not all col-
lagen fibers are arranged in parallel. Ligaments
and tendons are very similar in structure.
However, ligaments are usually more flattened
than tendons, and collagen fibers in ligaments
are more compact. The anatomical position-
ing of the ligaments determines in part what
motions a joint can make.

A sprain involves damage to a ligament
that provides support to a joint. A ligament is
a tough, relatively inelastic band of tissue that
connects one bone to another. A ligament’s
primary function is 3-fold: to provide stability
to a joint, to provide control of the position of
one articulating bone to another during normal
joint motion, and to provide proprioceptive
input or a sense of joint position through the

function of free nerve endings or mechanore-
ceptors located within the ligament.62

If stress is applied to a joint that forces
motion beyond its normal limits or planes
of movement, injury to the ligament is likely
(Figure 2-4). The severity of damage to the liga-
ment is classified in many different ways; how-
ever, the most commonly used system involves
3 grades (degrees) of ligamentous sprain:

1. Grade 1 sprain: There is some stretching or
perhaps tearing of the ligamentous fibers,
with little or no joint instability. Mild pain,
little swelling, and joint stiffness might be
apparent.

2. Grade 2 sprain: There is some tearing and
separation of the ligamentous fibers and
moderate instability of the joint. Moderate-
to-severe pain, swelling, and joint stiffness
should be expected.

Clinical Decision-Making Exercise 2-5 ‘

A basketball player twisted his ankle today in
practice. The mechanism and the location of pain
suggest an inversion sprain. There is gross laxity
with the anterior drawer test and talar tilt test. The
swelling is severe and profuse over the lateral side
of the ankle. The athlete is incapable of dorsiflex-
ion and has only a few degrees of plantar flexion.
He is experiencing very little pain. How would you
grade the severity of this injury?

3. Grade 3 sprain: There is total rupture
of the ligament, manifested primarily by
gross instability of the joint. Severe pain
might be present initially, followed by little
or no pain because of total disruption of
nerve fibers. Swelling might be profuse,
and thus the joint tends to become very
stiff some hours after the injury. A third-
degree sprain with marked instability usu-
ally requires some form of immobiliza-
tion lasting several weeks. Frequently, the
force producing the ligament injury is so
great that other ligaments or structures
surrounding the joint are also injured.
With cases in which there is injury to
multiple joint structures, surgical repair
reconstruction may be necessary to correct
an instability.
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Clinical Decision-Making Exercise 2-6

Why is it likely that an athlete with a grade 3
ligament sprain initially will experience little pain,
relative to the severity of the injury?

Physiology of Ligament Healing

The healing process in the sprained liga-
ment follows the same course of repair as
with other vascular tissues. Immediately after
injury and for about 72 hours, there is a loss of
blood from damaged vessels and attraction of
inflammatory cells into the injured area. If a
ligament is sprained outside of a joint capsule
(extra-articular ligament), bleeding occurs in a
subcutaneous space. If an intra-articular liga-
ment is injured, bleeding occurs inside of the
joint capsule until either clotting occurs or the
pressure becomes so great that bleeding ceases.

During the next 6 weeks, vascular prolifera-
tion with new capillary growth begins to occur
along with fibroblastic activity, resulting in the
formation of a fibrin clot. It is essential that
the torn ends of the ligament be reconnected
by bridging this clot. Synthesis of collagen
and ground substance of proteoglycan as con-
stituents of an intracellular matrix contributes
to the proliferation of the scar that bridges
between the torn ends of the ligament. This
scar initially is soft and viscous, but it eventu-
ally becomes more elastic. Collagen fibers are
arranged in a random woven pattern with little
organization. Gradually, there is a decrease in
fibroblastic activity, a decrease in vascular-
ity, and an increase to a maximum in collagen
density of the scar.36 Failure to produce enough
scar and failure to reconnect the ligament to the
appropriate location on a bone are the 2 reasons
why ligaments are likely to fail.

During the next several months, the scar
continues to mature, with the realignment of
collagen occurring in response to progressive
stresses and strains. The maturation of the scar
may require as long as 12 months to complete.36
The exact length of time required for matura-
tion depends on mechanical factors such as
apposition of torn ends and length of the period
of immobilization.

Factors Affecting Ligament Healing

Surgically repaired extra-articular ligaments
have healed with decreased scar formation and
are generally stronger than unrepaired liga-
ments initially, although this strength advan-
tage might not be maintained as time pro-
gresses. Unrepaired ligaments heal by fibrous
scarring effectively lengthening the ligament
and producing some degree of joint instability.
With intra-articular ligament tears, the pres-
ence of synovial fluid dilutes the hematoma,
thus preventing formation of a fibrin clot and
spontaneous healing.38

Data from several studies indicate that
actively exercised ligaments are stronger than
those that are immobilized. Ligaments that are
immobilized for several weeks after injury tend
to decrease in tensile strength and also exhibit
weakening of the insertion of the ligament to
bone.62 Thus, it is important to minimize peri-
ods of immobilization and progressively stress
the injured ligaments while exercising caution
relative to biomechanical considerations for
specific ligaments.36

It is not likely that the inherent stability of
the joint provided by the ligament before injury
will be regained. Thus, to restore stability to
the joint, the other structures that surround
that joint (primarily muscles and their tendons)
must be strengthened. The increased muscle
tension provided by resistance training can
improve stability, neuromuscular control, and
function of the injured joint.6:36

Cartilage Damage

Cartilage is a type of rigid connective tis-
sue that provides support and acts as a frame-
work in many structures. It is composed of
chondrocyte cells contained in small cham-
bers called lacunae, surrounded completely by
an intracellular matrix. The matrix consists
of varying ratios of collagen and elastin and
a ground substance made of proteoglycans
and glycosaminoglycans, which are nonfibrous
protein molecules. These proteoglycans act as
sponges and trap large quantities of water,
which allow cartilage to spring back after being
compressed.3! Cartilage has a poor blood sup-
ply, thus healing after injury is very slow. There
are 3 types of cartilage. Hyaline cartilage is
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Figure 2-5. Osteoarthritis is a degeneration and erosion
of the hyaline cartilage.

found on the articulating surfaces of bone
and in the soft part of the nose. It contains
large quantities of collagen and proteoglycan.
Fibrocartilage forms the intervertebral disc and
menisci located in several joint spaces. It has
greater amounts of collagen than proteoglycan
and is capable of withstanding a great deal of
pressure. Elastic cartilage is found in the auricle
of the ear and the larynx. It is more flexible
than the other types of cartilage and consists of
collagen, proteoglycan, and elastin.6”

Osteoarthrosis is a degenerative condition
of bone and cartilage in and about the joint
(Figure 2-5). Arthritis should be defined as
primarily an inflammatory condition with pos-
sible destruction.68 Arthrosis is primarily a
degenerative process with destruction of carti-
lage, remodeling of bone, and possible second-
ary inflammatory components.

Cartilage fibrillates, that is, releases fibers or
groups of fibers and ground substance into the
joint.32 Peripheral cartilage that is not exposed
to weightbearing or compression-decompres-
sion mechanisms is particularly likely to fibril-
late. Fibrillation is typically found in the degen-
erative process associated with poor nutrition
or disuse. This process can then extend even to
weightbearing areas, with progressive destruc-
tion of cartilage proportional to stresses applied
on it. When forces are increased, thus increasing
stress, osteochondral or subchondral fractures
can occur. Concentration of stress on small
areas can produce pressures that overwhelm
the tissue’s capabilities. Typically, lower limb

joints have to handle greater stresses, but their
surface area is usually larger than the surface
area of upper limbs. The articular cartilage is
protected to some extent by the synovial fluid,
which acts as a lubricant. It is also protected
by the subchondral bone, which responds to
stresses in an elastic fashion. It is more com-
pliant than compact bone, and microfractures
can be a means of force absorption. Trabeculae
might fracture or might be displaced due to
pressures applied on the subchondral bone.
In compact bone, fracture can be a means of
defense to dissipate force. In the joint, forces
might be absorbed by joint movement and
eccentric contraction of muscles.28

In the majority of joints where the sur-
faces are not congruent, the applied forces
tend to concentrate in certain areas, which
increases joint degeneration. Osteophytosis
occurs as a bone attempts to increase its sur-
face area to decrease contact forces. People
typically describe this growth as “bone spurs.”
Chondromalacia is the nonprogressive trans-
formation of cartilage with irregular surfaces
and areas of softening. It typically occurs first
in nonweightbearing areas and may progress to
areas of excessive stress.2”

In physically active individuals, certain
joints may be more susceptible to a response
resembling osteoarthrosis.30 The proportion
of body weight resting on the joint, the pull of
the musculotendinous unit, and any significant
external force applied to the joint are predispos-
ing factors. Altered joint mechanics caused by
laxity or previous trauma are also factors that
come into play.>0 The intensity of forces can be
great, as in the hip, where the previously men-
tioned factors can produce pressures or forces
4 times that of body weight and up to 10 times
that of body weight on the knee.

Typically, muscle forces generate more stress
than body weight itself. Particular injuries
are conducive to osteoarthritic changes such
as subluxation and dislocation of the patella,
osteochondritis dissecans, recurrent synovial
effusion, and hemarthrosis. Also, ligamentous
injuries can bring about a disruption of pro-
prioceptive mechanisms, loss of adequate joint
alignment, and meniscal damage in the knees
with removal of the injured meniscus.>* Other
factors that have an impact are loss of full ROM,
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poor muscular power and strength, and altered
biomechanics of the joint. Spurring and spik-
ing of bone are not synonymous with osteoar-
throsis if the joint space is maintained and the
cartilage lining is intact. It may simply be an
adaptation to the increased stress of physical
activity.32

Physiology of Cartilage Healing

Cartilage has a relatively limited healing
capacity. When chondrocytes are destroyed and
the matrix is disrupted, the course of healing is
variable, depending on whether damage is to
cartilage alone or also to subchondral bone.
Injuries to the articular cartilage alone fail to
elicit clot formation or a cellular response. For
the most part, the chondrocytes adjacent to the
injury are the only cells that show any signs of
proliferation and synthesis of matrix. Thus, the
defect fails to heal, although the extent of the
damage tends to remain the same.34:40

If subchondral bone is also affected, inflam-
matory cells enter the damaged area and formu-
late granulation tissue. In this case, the healing
process proceeds normally, with differentiation
of granulation tissue cells into chondrocytes
occurring in about 2 weeks. At about 2 months,
normal collagen has been formed.

Injuries to the knee articular cartilage are
extremely common, and until recently, meth-
ods for treatment did not produce good long-
term outcomes.2 A better understanding of
how articular cartilage responds to injury has
produced various techniques that hold prom-
ise for long-term success.2%76 One such tech-
nique is autologous chondrocyte implantation,
in which a patient’s own cartilage cells are
harvested, grown ex vivo, and reimplanted in a
full-thickness articular surface defect. Results
are available with up to 10 years of follow up,
and more than 80% of patients have shown
improvement with relatively few complications.

INJURIES TO BONE

Bone is a type of connective tissue consist-
ing of both living cells and minerals depos-
ited in a matrix (Figure 2-6). Each bone con-
sists of 3 major components. The epiphysis
is an expanded portion at each end of the
bone that articulates with another bone. Each
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Figure 2-6. The gross structure of the long bones
includes the diaphysis, epiphysis, articular cartilage, and
periosteum. (Reprinted with permission from Saladin K.
Anatomy & Physiology. 6th ed. New York, NY: McGraw-Hill;
2014.)67

articulating surface is covered by an articular,
or hyaline, cartilage. The diaphysis is the shaft
of the bone. The epiphyseal, or growth, plate is
the major site of bone growth and elongation.
Once bone growth ceases, the plate ossifies and
forms the epiphyseal line. With the exception of
the articulating surfaces, the bone is completely
enclosed by the periosteum, a tough, highly
vascularized and innervated fibrous tissue.2!
The 2 types of bone material are cancellous,
or spongy, bone and cortical, or compact, bone.
Cancellous bone contains a series of air spaces
referred to as trabeculae, whereas cortical bone
is relatively solid. Cortical bone in the diaphysis
forms a hollow medullary canal in long bone,
which is lined with endosteum and filled with
bone marrow. Bone has rich blood supply that
certainly facilitates the healing process after
injury. Bone has the functions of support,
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Figure 2-7. Fractures of bone. (A) Greenstick. (B) Transverse. (C) Linear. (D) Oblique. (E) Spiral. (F) Comminuted.
(Reprinted with permission from Prentice WE. Essentials of Athletic Injury Management. 11th ed. New York, NY: McGraw-

Hill; 2019.)

movement, and protection. Furthermore, bone
stores and releases calcium into the blood-
stream and manufactures red blood cells.”0
Bone is constantly undergoing a remodel-
ing process in which osteoblast cells produce
new bone while osteoclasts function to remodel
or realign bone relative to the normal tensile
forces (stresses or strains) applied to the bone.#”

Fractures

Fractures are extremely common injuries
among the athletic population. They are gener-
ally classified as being either open or closed. A
closed fracture involves little or no displace-
ment of bones and, thus, little or no soft tissue
disruption. An open fracture involves enough
displacement of the fractured ends that the
bone actually disrupts the cutaneous layers and
breaks through the skin. Both fractures can be
relatively serious if not managed properly, but
an increased possibility of infection exists in
an open fracture. Fractures may also be con-
sidered complete, in which the bone is broken
into at least 2 fragments, or incomplete, where
the fracture does not extend completely across
the bone.

The varieties of fractures that can occur
include greenstick, transverse, oblique, spiral,
comminuted, avulsion, and stress. A green-
stick fracture (Figure 2-7A) occurs most often
in children whose bones are still growing and
have not yet had a chance to calcify and harden.
It is called a greenstick fracture because of the
resemblance to the splintering that occurs to a

tree twig that is bent to the point of breaking.
Because the twig is green, it splinters but can be
bent without causing an actual break.

A transverse fracture (Figure 2-7B) involves a
crack perpendicular to the longitudinal axis of
the bone that goes all the way through the bone.
Displacement might occur; however, because of
the shape of the fractured ends, the surround-
ing soft tissue (eg, muscles, tendons, and fat)
sustains relatively little damage.

A linear fracture runs parallel to the long
axis of a bone and is similar in severity to a
transverse fracture (Figure 2-7C).

An oblique fracture (Figure 2-7D) results
in a diagonal crack across the bone and 2 very
jagged, pointed ends that, if displaced, can
potentially cause a good bit of soft tissue dam-
age. Oblique and spiral fractures are the 2 types
most likely to result in compound fractures.

A spiral fracture (Figure 2-7E) is similar
to an oblique fracture in that the angle of the
fracture is diagonal across the bone. In addi-
tion, an element of twisting or rotation causes
the fracture to spiral along the longitudinal axis
of the bone. Spiral fractures used to be fairly
common in ski injuries occurring just above
the top of the boot when the bindings on the
ski failed to release when the foot was rotated.
These injuries are now less common as a result
of improvements in equipment design.

A comminuted fracture (Figure 2-7F) is a
serious problem that can require an extremely
long time for rehabilitation. In the comminuted
fracture, multiple fragments of bone must be
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surgically repaired and fixed with screws and
wires. If a fracture of this type occurs to a
weightbearing bone in the leg, a permanent
discrepancy in leg length can develop.

An avulsion fracture occurs when a frag-
ment of bone is pulled away at the bony attach-
ment of a muscle, tendon, or ligament. Avulsion
fractures are common in the fingers and some
of the smaller bones, but they can also occur in
larger bones where tendinous or ligamentous
attachments are subjected to a large amount of
force.

Perhaps the most common fracture result-
ing from physical activity is the stress fracture.
Unlike the other types of fractures that have
been discussed, the stress fracture results from
overuse or fatigue rather than acute trauma.3
Overuse creates increased stresses that eventu-
ally cause irritation and inflammation of the
bone. This suppresses osteoblastic cell activity,
thus the osteoblasts cannot match the need for
new bone tissue, which ultimately can cause
small microfractures of the bone. Common
sites for stress fractures include the weight-
bearing bones of the leg and foot. In either
case, repetitive forces transmitted through the
bones produce irritations and microfractures
at a specific area in the bone. The pain usually
begins as a dull ache that becomes progressively
more painful day after day. Initially, pain is
most severe during activity. However, when a
stress fracture actually develops, pain tends to
become worse after the activity is stopped.>?

The biggest problem with a stress fracture is
that it often does not show up on a radiograph
until the overuse activity that causes the prob-
lem is eliminated and the osteoblasts begin lay-
ing down subperiosteal callus or bone, at which
point a small white line, or callus, appears.
However, a bone scan might reveal a potential
stress fracture in as little as 2 days after onset of
symptoms. If a stress fracture is suspected, the
patient should stop any activity that produces
added stress or fatigue to the area for a mini-
mum of 14 days. Stress fractures do not usu-
ally require casting but might become normal
fractures that must be immobilized if handled
incorrectly.”8 If a fracture occurs, it should be
managed and rehabilitated by a qualified ortho-
pedist and athletic trainer.

Clinical Decision-Making Exercise 2-7

A Little League player collided with the catcher
when sliding home. Radiographs did not show a
fracture, but a bone scan shows a hot spot. What
type of fracture would you suspect this young
athlete has?

Physiology of Bone Healing

Healing of injured bone tissue is similar to
soft tissue healing in that all phases of the heal-
ing process can be identified, although bone
regeneration capabilities are somewhat limited.
However, the functional elements of healing
differ significantly from those of soft tissue.
Tensile strength of the scar is the single most
critical factor in soft tissue healing, whereas
bone has to contend with a number of addi-
tional forces, including torsion, bending, and
compression.”’0 Trauma to bone can vary from
contusions of the periosteum to closed, non-
displaced fractures to severely displaced open
fractures that also involve significant soft tissue
damage. When a fracture occurs, blood vessels
in the bone and the periosteum are damaged,
resulting in bleeding and subsequent clot for-
mation (Figure 2-8). Hemorrhaging from the
marrow is contained by the periosteum and
the surrounding soft tissue in the region of the
fracture. In about 1 week, fibroblasts begin lay-
ing down a fibrous collagen network. The fibrin
strands within the clot serve as the frame-
work for proliferating vessels. Chondroblast
cells begin producing fibrocartilage, creating
a callus between the broken bones. At first,
the callus is soft and firm because it is com-
posed of primarily collagenous fibrin. The cal-
lus becomes firm and more rubbery as cartilage
begins to predominate. Bone-producing cells
called osteoblasts begin to proliferate and enter
the callus, forming cancellous bone trabeculae
that eventually replace the cartilage. Finally,
the callus crystallizes into bone, at which point
remodeling of the bone begins. The callus can
be divided into 2 portions: the external callus
located around the periosteum on the outside
of the fracture and the internal callus found
between the bone fragments. The size of the
callus is proportional both to the damage and
to the amount of irritation to the fracture site
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Figure 2-8. The healing of a fracture. (A) Blood vessels are broken at the fracture line; the blood clots and forms a
fracture hematoma. (B) Blood vessels grow into the fracture and a fibrocartilage soft callus forms. (C) The fibrocartilage
becomes ossified and forms a bony callus made of spongy bone. (D) Osteoclasts remove excess tissue from the bony
callus and the bone eventually resembles its original appearance. (Reprinted with permission from Saladin K. Anatomy

& Physiology. 6th ed. New York, NY: McGraw-Hill; 2014.)67

during the healing process. Also, during this
time, osteoclasts begin to appear in the area to
resorb bone fragments and clean up debris.6%.70

The remodeling process is similar to the
growth process of bone in that the fibrous
cartilage is gradually replaced by fibrous bone
and then by more structurally efficient lamellar
bone. Remodeling involves an ongoing pro-
cess during which osteoblasts lay down new
bone and osteoclasts remove and break down
bone according to the forces placed upon the
healing bone.2! Wolff’s law maintains that a
bone will adapt to mechanical stresses and
strains by changing size, shape, and struc-
ture.86 Therefore, once the cast is removed, the
bone must be subjected to normal stresses and
strains so that tensile strength can be regained
before the healing process is complete.4>-47

The time required for bone healing is vari-
able and based on a number of factors, such
as severity of the fracture, site of the frac-
ture, extensiveness of the trauma, and age of
the patient. Normal periods of immobilization
range from as short as 3 weeks for the small
bones in the hands and feet to as long as 8
weeks for the long bones of the upper and lower
extremities. In some instances, such as frac-
tures in the 4 small toes, immobilization might
not be required for healing. The healing process
is certainly not complete when the splint or cast
is removed. Osteoblastic and osteoclastic activ-
ity might continue for 2 to 3 years after severe
fractures.5!

INJURIES TO
MUSCULOTENDINOUS
STRUCTURES

Muscle is often considered to be a type of
connective tissue, but here it is treated as the
third of the fundamental tissues. The 3 types of
muscles are smooth (involuntary), cardiac, and
skeletal (voluntary) muscles. Smooth muscle is
found with the viscera, where it forms the walls
of the internal organs, and within many hollow
chambers. Cardiac muscle is found only in the
heart and is responsible for its contraction. A
significant characteristic of the cardiac muscle
is that it contracts as a single fiber, unlike
smooth and skeletal muscles, which contract
as separate units. This characteristic forces the
heart to work as a single unit continuously;
therefore, if one portion of the muscle should
die (as in myocardial infarction), contraction of
the heart does not cease.”

Skeletal muscle is the striated muscle within
the body, responsible for the movement of
bony levers. Skeletal muscle consists of 2 por-
tions: the muscle belly and its tendons, which
are collectively referred to as a musculoten-
dinous unit. The muscle belly is composed of
separate, parallel elastic fibers called myofibrils
(Figure 2-9A). Myofibrils are composed of thou-
sands of small sarcomeres, which are the func-
tional units of the muscle. Sarcomeres contain
the contractile elements of the muscle, as well
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Figure 2-9. Parts of a muscle. (A) Muscle is composed of individual muscle fibers (muscle cells).
Each muscle fiber contains myofibrils in which the banding patterns of the sarcomeres are seen.
(Reprinted with permission from Saladin K. Anatomy & Physiology. 6th ed. New York, NY: McGraw-

Hill; 2014.)67 (continued)

as a substantial amount of connective tissue
that holds the fibers together. Myofilaments are
small contractile elements of protein within the
sarcomere (Figure 2-9B). There are 2 distinct
types of myofilaments: thin actin myofilaments
and thicker myosin myofilaments. Fingerlike
projections, or cross-bridges, connect the actin
and myosin myofilaments.”® When a muscle is
stimulated to contract, the cross-bridges pull
the myofilaments closer together, thus short-
ening the muscle and producing movement at
the joint that the muscle crosses.84 The muscle
tendon attaches the muscle directly to the bone.

The muscle tendon is composed of primar-
ily collagen fibers and a matrix of proteoglycan
that is produced by the tenocyte cell. The col-
lagen fibers are grouped together into primary
bundles (Figure 2-10). Groups of primary bun-
dles join together to form hexagonal-shaped
secondary bundles. Secondary bundles are held
together by intertwined loose connective tissue
containing elastin, called the endotenon. The
entire tendon is surrounded by a connective
tissue layer, called the epitenon. The outermost
layer of the tendon is the paratenon, which is
a double-layer connective tissue sheath lined
on the inside with synovial membrane.2 All

skeletal muscles exhibit 4 characteristics: (1)
elasticity, the ability to change in length or
stretch; (2) extensibility, the ability to shorten
and return to normal length; (3) excitability,
the ability to respond to stimulation from the
nervous system; and (4) contractility, the abil-
ity to shorten and contract in response to some
neural command.6”

Skeletal muscles show considerable varia-
tion in size and shape. Large muscles generally
produce gross motor movements at large joints,
such as knee flexion produced by contraction
of the large, bulky hamstring muscles. Smaller
skeletal muscles, such as the long flexors of
the fingers, produce fine motor movements.
Muscles producing movements that are pow-
erful in nature are usually thicker and lon-
ger, whereas those producing finer movements
requiring coordination are thin and relatively
shorter. Other muscles may be flat, round, or
fan-shaped.’0 Muscles may be connected to a
bone by a single tendon or by 2 or 3 separate
tendons at either end. Muscles that have 2 sepa-
rate muscle and tendon attachments are called
biceps, and muscles with 3 separate muscle and
tendon attachments are called triceps.
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Figure 2-9 (continued). (B) The myofibrils are composed
of actin and myosin myofilaments, which are formed
from thousands of individual actin and myosin molecules.
(Reprinted with permission from Saladin K. Anatomy &
Physiology. 6th ed. New York, NY: McGraw-Hill; 2014.)67

Muscles contract in response to stimulation
by the central nervous system. An electrical
impulse transmitted from the central nervous
system through a single motor nerve to a group
of muscle fibers causes a depolarization of
those fibers. The motor nerve and the group of
muscle fibers that it innervates are collectively
referred to as a motor unit. An impulse coming
from the central nervous system and traveling
to a group of fibers through a particular motor
nerve causes all the muscle fibers in that motor
unit to depolarize and contract. This is referred
to as the all-or-none response and applies to all
skeletal muscles in the body.”0

Muscle Strains

If a musculotendinous unit is overstretched
or forced to contract against too much resis-
tance, exceeding the extensibility limits or the
tensile capabilities of the weakest component
within the unit, damage can occur to the muscle
fibers, at the musculotendinous juncture, in the
tendon, or at the tendinous attachment to the
bone.22 Any of these injuries may be referred
to as a strain (Figure 2-11). Muscle strains, like
ligament sprains, are subject to various clas-
sification systems.87 The following is a simple
system of classification of muscle strains:

e Grade 1 strain: Some muscle or tendon
fibers have been stretched or actually torn.
Active motion produces some tenderness
and pain. Movement is painful, but full
ROM is usually possible.

e Grade 2 strain: Some muscle or tendon
fibers have been torn and active contrac-
tion of the muscle is extremely painful.
Usually, a palpable depression or divot
exists somewhere in the muscle belly at
the spot where the muscle fibers have been
torn. Some swelling might occur because of
capillary bleeding.

e Grade 3 strain: There is a complete rupture
of muscle fibers in the muscle belly, in the
area where the muscle becomes tendon, or
at the tendinous attachment to the bone.
The patient has significant impairment to,
or perhaps total loss of, movement. Pain
is intense initially but diminishes quick-
ly because of complete separation of the
nerve fibers. Musculotendinous ruptures
are most common in the biceps tendon of
the upper arm or in the Achilles heel cord
in the back of the calf. When either of these
tendons rupture, the muscle tends to bunch
toward its proximal attachment. With the
exception of an Achilles rupture, which is
frequently surgically repaired, the majority
of third-degree strains are treated conserva-
tively with some period of immobilization.

It has also been proposed that instead
of classifying muscle strains according to
grade, they should be classified by site (either
proximal, middle, or distal) and by struc-
ture involved (myofascial, intramuscular, or
musculotendinous).22
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Figure 2-10. Structure of a tendon.

Physiology of Muscle Healing

Injuries to muscle tissue involve similar
processes of healing and repair as discussed for
other tissues. Initially, there will be hemorrhage
and edema followed almost immediately by
phagocytosis to clear debris. Within a few days,
there is a proliferation of ground substance, and
fibroblasts begin producing a gel-type matrix
that surrounds the connective tissue, leading to
fibrosis and scarring. At the same time, myo-
blastic cells form in the area of injury, which
will eventually lead to regeneration or new
myofibrils. Thus, regeneration of both connec-
tive tissue and muscle tissue begins.87

Collagen fibers undergo maturation and
orient themselves along lines of tensile force
according to Wolff’s law.86 Active contraction
of the muscle is critical in regaining normal
tensile strength.44

It is now well accepted that satellite cells
play a critical role in the ability of the muscle
cell to regenerate following injury.6¢ Satellite
cells are the stem cells of skeletal muscle. These
self-renewing cells can generate a population
of myoblasts that are able to fuse with existing
myofibers to help in facilitating growth, repair,
and regeneration.82

Regardless of the severity of the strain, the
time required for rehabilitation is fairly lengthy.
In many instances, rehabilitation time for a

Figure 2-11. A muscle strain results in tearing or
separation of fibers.
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muscle strain is longer than that for a ligament
sprain. These incapacitating muscle strains
occur most frequently in the large, force-pro-
ducing hamstring and quadriceps muscles of
the lower extremity. The treatment of ham-
string strains requires a healing period of at
least 5 to 8 weeks and a considerable amount
of patience. Attempts to return to activity too
soon frequently cause reinjury to the area of the
musculotendinous unit that has been strained,
and the healing process must begin again.24

Tendinopathy/Tendinitis/
Tendinosis

Of all the overuse problems associated with
activity, chronic overuse injuries involving a
tendon are the most common.123 The term ten-
dinopathy is the term that is most often used to
refer to both tendinitis, which is an inflamma-
tion of the tendon, and tendinosis, which refers
to microtears and degeneration of a tendon.
The suffix -opathy does not imply any specific
type of pathology.#2 Any term ending in the
suffix -itis means inflammation is present.
Tendinitis means inflammation of a tendon.
During muscle activity, a tendon must move
or slide on other structures around it whenever
the muscle contracts. If a particular movement
is performed repeatedly, the tendon becomes
irritated and inflamed.>” This inflammation
is manifested by pain on movement, swelling,
possibly some warmth, and usually crepitus.10
Crepitus is a crackling feeling or sound. It is
usually caused by the tendon’s tendency to stick
to the surrounding structure while it slides
back and forth. This sticking is caused primar-
ily by the chemical products of inflammation
that accumulate on the irritated tendon.10 The
key to the treatment of tendinitis is rest. If the
repetitive motion causing irritation to the ten-
don is eliminated, the inflammatory process
will allow the tendon to heal. Unfortunately,
athletes find it difficult to totally stop activity
and rest for 2 or more weeks while the tendini-
tis subsides. The patient should substitute some
form of activity, such as bicycling or swim-
ming, to maintain present fitness levels while
avoiding continued irritation of the inflamed
tendon. In runners, tendinitis most commonly
occurs in the Achilles tendon in the back of the
lower leg. In swimmers, it often occurs in the

muscle tendons of the shoulder joint. However,
tendinitis can flare up in any activity in which
overuse and repetitive movements occur.

If repetitive overuse continues and the
inflamed or irritated tendon fails to heal, the
tendon begins to degenerate. The primary con-
cern shifts from tendon inflammation to ten-
don degeneration, a condition referred to as
tendinosis.>7 The suffix -osis means there is
chronic degeneration without inflammation.
Most of the chronic problems that we have
with tendons are correctly referred to as tendi-
nosis.8 The symptoms are somewhat similar to
tendinitis. The inflammation ceases, however.
The affected tendons are usually painful when
moved or touched. The tendon sheaths may
be visibly swollen with stiffness and restricted
motion. Sometimes, a tender lump appears.
Tendinosis is more common in middle or old
age as the tendons become more susceptible
to injury.8 However, younger people who exer-
cise vigorously as well as people who perform
repetitive tasks are also susceptible. The key to
treating tendinosis is engaging in exercises to
strengthen the tendon and consistently stretch-
ing the tendon.

Tenosynovitis

Tenosynovitis is very similar to tendinitis in
that the muscle tendons are involved in inflam-
mation. However, many tendons are subject to
an increased amount of friction as a result of
the tightness of the space through which they
must move. In these areas of high friction,
tendons are usually surrounded by synovial
sheaths that reduce friction on movement. If
the tendon sliding through a synovial sheath
is subjected to overuse, inflammation is likely
to occur. The inflammatory process produces
byproducts that are “sticky” and tend to cause
the sliding tendon to adhere to the synovial
sheath surrounding it.42

Symptomatically, tenosynovitis is very simi-
lar to tendinitis, with pain on movement, ten-
derness, swelling, and crepitus. Movement may
be more limited with tenosynovitis because the
space provided for the tendon and its synovial
covering is more limited. Tenosynovitis occurs
most commonly in the long flexor tendons of
the fingers as they cross over the wrist joint and
in the biceps tendon around the shoulder joint.
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Treatment for tenosynovitis is the same as that
for tendinitis. Because both conditions involve
inflammation, mild anti-inflammatory drugs
such as aspirin might be helpful in chronic
cases.42

Physiology of Tendon Healing

Unlike most soft tissue healing, tendon
injuries pose a particular problem in reha-
bilitation.”3 The injured tendon requires
dense fibrous union of the separated ends and
both extensibility and flexibility at the site of
attachment. Thus, an abundance of collagen
is required to achieve good tensile strength.
Unfortunately, collagen synthesis can become
excessive, resulting in fibrosis, in which adhe-
sions form in surrounding tissues and interfere
with the gliding that is essential for smooth
motion. Fortunately, over time, the scar tissue
of the surrounding tissues becomes elongated
in its structure because of a breakdown in the
cross-links between fibrin units and, thus,
allows the necessary gliding motion. A tendon
injury that occurs where the tendon is sur-
rounded by a synovial sheath can be potentially
devastating.

A typical time frame for tendon healing
would be that during the second week when the
healing tendon adheres to the surrounding tis-
sue to form a single mass and during the third
week when the tendon separates to varying
degrees from the surrounding tissues. However,
the tensile strength is not sufficient to permit
a strong pull on the tendon for at least 4 to
5 weeks, the danger being that a strong contrac-
tion can pull the tendon ends apart.”3

INJURIES TO NERVE TISSUE

The final fundamental tissue is nerve tissue
(Figure 2-12). This tissue provides sensitivity
and communication from the central nervous
system (brain and spinal cord) to the muscles,
sensory organs, various systems, and periphery.
The basic nerve cell is the neuron. The neuron
cell body contains a large nucleus and branched
extensions called dendrites, which respond to
neurotransmitter substances released from
other nerve cells. From each nerve cell arises a
single axon, which conducts the nerve impuls-
es. Large axons found in peripheral nerves are

enclosed in sheaths composed of Schwann cells,
which are tightly wound around the axon. A
nerve is a bundle of nerve cells held together by
some connective tissue, usually a lipid-protein
layer called the myelin sheath, on the outside of
the axon.6” Neurology is an extremely complex
science, and only a brief presentation of its rel-
evance to musculoskeletal injuries is made here.

Nerve injuries usually involve either contu-
sions or inflammations. More serious injuries
involve the crushing of a nerve or complete
division (severing). This type of injury can
produce lifelong physical disability, such as
paraplegia or quadriplegia, and thus should not
be overlooked in any circumstance.>¢

Of critical concern to the athletic trainer
is the importance of the nervous system in
proprioception and neuromuscular control of
movement as an integral part of a rehabilita-
tion program. Chapter 4 discusses this in great
detail.

Physiology of Nerve Healing

Nerve cell tissue is specialized and can-
not regenerate once the nerve cell dies. In an
injured peripheral nerve, however, the nerve
fiber can regenerate significantly if the injury
does not affect the cell body (see Figure 2-13).
The proximity of the axonal injury to the cell
body can significantly affect the time required
for healing. The closer an injury is to the cell
body, the more difficult is the regenerative pro-
cess. In the case of severed nerve, surgical inter-
vention can markedly enhance regeneration.6”

For regeneration to occur, an optimal
environment for healing must exist. When
a nerve is cut, several degenerative changes
occur that interfere with the neural pathways
(Figure 2-13). Within the first 3 to 5 days, the
portion of the axon distal to the cut begins to
degenerate and breaks into irregular segments.
There is also a concomitant increase in metabo-
lism and protein production by the nerve cell
body to facilitate the regenerative process. The
neuron in the cell body contains the genetic
material and produces chemicals necessary
for maintenance of the axon. These substances
cannot be transmitted to the distal part of the
axon and, eventually, there will be complete
degeneration.56
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Figure 2-12. Structural features of a nerve cell. (Reprinted with
permission from McKinley M, O’Loughlin V. Human Anatomy: An
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In addition, the myelin portion of the
Schwann cells around the degenerating axon
also degenerates, and the myelin is phago-
cytized. The Schwann cells divide, forming
a column of cells in place of the axon. If the
cut ends of the axon contact this column of
Schwann cells, the chances are good that an
axon may eventually reinnervate distal struc-
tures. If the proximal end of the axon does not

make contact with the column of Schwann
cells, reinnervation will not occur.

Clinical Decision-Making Exercise 2-8

A field hockey player suffered a contusion from a
fall on the elbow just superior to the medial epi-
condyle. She sustained some ulnar nerve damage.
In general, what is the likelihood that the nerve
will repair itself?
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Figure 2-13. Neuron regeneration. (A) If a neuron is severed through a myelinated axon, the
proximal portion may survive, but (B) the distal portion will degenerate through phagocytosis. (C)
and (D) The myelin layer provides a pathway for regeneration of the axon, and (E) innervation is
restored. (Reprinted with permission from Van De Graaff. Human Anatomy. Chicago, IL: McGraw-

Hill Higher Education; 2002.)

The axon proximal to the cut has mini-
mal degeneration initially and then begins
the regenerative process with growth from
the proximal axon. Bulbous enlargements and
several axon sprouts form at the end of the
proximal axon. Within about 2 weeks, these
sprouts grow across the scar that has developed
in the area of the cut and enter the column of
Schwann cells. Only one of these sprouts will
form the new axon, whereas the others will
degenerate. Once the axon grows through the
Schwann cell columns, remaining Schwann
cells proliferate along the length of the degen-
erating fiber and form new myelin around the
growing axon, which will eventually reinner-
vate distal structures.>¢

Regeneration is slow, at a rate of only 3
to 4 mm per day. Axon regeneration can be
obstructed by scar formation caused by exces-
sive fibroplasia. Damaged nerves within the

central nervous system regenerate very poorly
compared to nerves in the peripheral nervous
system. Central nervous system axons lack con-
nective tissue sheaths, and the myelin produc-
ing Schwann cells fail to proliferate.56.70

ADDITIONAL
MUSCULOSKELETAL INJURIES

Dislocations and Subluxations

A dislocation occurs when at least one bone
in an articulation is forced out of its normal and
proper alignment and stays out until it is either
manually or surgically put back into place or
reduced.3® Dislocations most commonly occur
in the shoulder joint, elbow, and fingers, but
they can occur wherever 2 bones articulate
(Figure 2-14A).53:55:69



46 Chapter 2

Figure 2-14. (A) A joint that is forced beyond its anatomical limits can be dislocated. (B) A joint that is forced beyond
its anatomical limits can be subluxated.

A subluxation is like a dislocation except
that, in this situation, a bone pops out of its
normal articulation but then goes right back
into place (Figure 2-14B). Subluxations most
commonly occur in the shoulder joint, as well
as in the kneecap in females.

Dislocations should not be reduced immedi-
ately, regardless of where they occur. The patient
should have an X-ray to rule out fractures or
other problems before reduction. Inappropriate
techniques of reduction might only exacerbate
the problem. Return to activity after disloca-
tion or subluxation is largely dependent on the
degree of soft tissue damage.>®

Bursitis

In many areas, particularly around joints,
friction occurs between tendons and bones,
skin and bone, or 2 muscles. Without some
mechanism of protection in these high-friction
areas, chronic irritation would be likely.67

Bursae are essentially pieces of synovial
membrane that contain small amounts of syno-
vial fluid. This presence of synovium permits
motion of surrounding structures and mini-
mizes friction. If excessive movement or per-
haps some acute trauma occurs around these
bursae, they become irritated and inflamed
and begin producing large amounts of synovial
fluid. The longer the irritation continues or the
more severe the acute trauma, the more fluid is
produced. As the fluid continues to accumulate
in a limited space, pressure tends to increase
and causes irritation of the pain receptors in
the area.

Bursitis can be extremely painful and can
severely restrict movement, especially if it
occurs around a joint. Synovial fluid continues
to be produced until the movement or trauma
producing the irritation is eliminated.

A bursa that occasionally completely sur-
rounds a tendon to allow more freedom of
movement in a tight area is referred to as a syno-
vial sheath. Irritation of this synovial sheath
may restrict tendon motion.

All joints have many bursae surrounding
them. Perhaps the 3 bursae most commonly
irritated as a result of various types of physi-
cal activity are the subacromial bursa in the
shoulder joint, the olecranon bursa on the tip
of the elbow, and the prepatellar bursa on the
front surface of the patella. All 3 of these bursae
have produced large amounts of synovial fluid,
affecting motion at their respective joints.

Muscle Soreness

Overexertion in strenuous muscular exercise
often results in muscular pain. At one time or
another, almost everyone has experienced mus-
cle soreness, usually resulting from some physi-
cal activity to which we are unaccustomed.

There are 2 types of muscle soreness. The
first type of muscle pain is acute and accom-
panies fatigue. It is transient and occurs during
and immediately after exercise. The second
type of soreness involves delayed muscle pain
that appears about 12 hours after injury. It
becomes most intense after 24 to 48 hours
and then gradually subsides so that the muscle
becomes symptom-free after 3 or 4 days. This
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second type of pain may best be described
as a syndrome of delayed muscle pain, lead-
ing to increased muscle tension, edema for-
mation, increased stiffness, and resistance to
stretching.80

The cause of delayed-onset muscle sore-
ness (DOMS) has been debated. Initially, it
was hypothesized that soreness was caused by
an excessive buildup of lactic acid in exercised
muscles. However, recent evidence essentially
rules out this theory.4?

It has also been hypothesized that DOMS
is caused by the tonic, localized spasm of
motor units, varying in number with the sever-
ity of pain. This theory maintains that exer-
cise causes varying degrees of ischemia in the
working muscles. This ischemia causes pain,
which results in reflex tonic muscle contrac-
tion that increases and prolongs the ischemia.
Consequently, a cycle of increasing severity
is begun.80 As with the lactic acid theory, the
spasm theory has also been discounted.

Currently, there are 2 schools of thought
relative to the cause of DOMS. DOMS seems
to occur from very small tears in the muscle
tissue, which seem to be more likely with
eccentric or isometric contractions.! It is gen-
erally believed that the initial damage caused
by eccentric exercise is mechanical damage to
either the muscular or the connective tissue.
Edema accumulation and delays in the rate of
glycogen repletion are secondary reactions to
mechanical damage.80

DOMS might be caused by structural damage
to the elastic components of connective tissue at
the musculotendinous junction. This damage
results in the presence of hydroxyproline, a pro-
tein byproduct of collagen breakdown, in blood
and urine.? It has also been documented that
structural damage to the muscle fibers results
in an increase in blood serum levels of various
protein/enzymes, including creatine kinase.

Muscle soreness can best be prevented by
beginning at a moderate level of activity and
gradually progressing the intensity of the exer-
cise over time. Treatment of muscle soreness
usually also involves some type of stretching
activity.62 As for other conditions discussed in
this chapter, ice is important as a treatment for
muscle soreness, particularly within the first 48
to 72 hours.

Figure 2-15. A contusion occurs
when soft tissues are compressed
between bone and some external
force. (Reprinted with permission
from Chris Bartlett, Central Davidson
High School, Lexington, NC.)

Contusions

Contusion is synonymous with bruise. The
mechanism that produces a contusion is a blow
from some external object that causes soft
tissues (eg, skin, fat, muscle, ligaments, joint
capsule) to be compressed against the hard
bone underneath.4! If the blow is hard enough,
capillaries rupture and allow bleeding into the
tissues. The bleeding, if superficial enough,
causes a bluish-purple discoloration of the skin
that persists for several days (Figure 2-15). The
contusion may be very sore to the touch. If
damage has occurred to muscle, pain may be
elicited on active movement. In most cases, the
pain ceases within a few days, and discoloration
usually disappears in 2 to 3 weeks.

The major problem with contusions occurs
where an area is subjected to repeated blows.
If the same area or, more specifically, the same
muscle, is bruised repeatedly, small calcium
deposits might begin to accumulate in the
injured area. These pieces of calcium might
be found between several fibers in the muscle
belly, or calcium might form a spur that proj-
ects from the underlying bone. These calcium
formations, which can significantly impair
movement, are referred to as myositis ossificans.
In some cases, myositis ossificans develops
from a single trauma.8!
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The key to preventing myositis ossificans
from occurring from repeated contusions is
protection of the injured area by padding.8! If
the area is properly protected after the first con-
tusion, myositis ossificans might never develop.
Protection, along with rest, might allow the
calcium to be reabsorbed and eliminate any
need for surgical intervention. The 2 areas that
seem to be the most vulnerable to repeated con-
tusions during physical activity are the quadri-
ceps muscle group on the front of the thigh and
the biceps muscle on the front of the upper arm.
The formation of myositis ossificans in either
of these or any other areas can be detected on
radiograph films.

INCORPORATING
THERAPEUTIC EXERCISE
TO AFFECT THE HEALING
PROCESS

Rehabilitation exercise progressions can
generally be subdivided into 3 phases, based
primarily on the 3 stages of the healing process:
phase 1, the acute phase; phase 2, the repair
phase; and phase 3, the remodeling phase.
Depending on the type and extent of injury and
the individual response to healing, phases will
usually overlap. Each phase must include care-
fully considered goals and criteria for progress-
ing from one phase to another.62

Presurgical Exercise Phase

This phase would apply only to those
patients who sustain injuries that require sur-
gery. If surgery can be postponed, exercise may
be used as a means to improve its outcome.
By allowing the initial inflammatory response
phase to resolve, by maintaining or, in some
cases, increasing muscle strength and flex-
ibility, levels of cardiorespiratory fitness, and
improving neuromuscular control, the patient
may be better prepared to continue the exercise
rehabilitative program after surgery.

Phase 1: The Acute Injury Phase

Phase 1 begins immediately when injury
occurs and can last as long as 4 days following

injury. During this phase, the inflammatory
stage of the healing process is attempting to
“clean up the mess,” thus creating an environ-
ment that is conducive to the fibroblastic stage.
As indicated in Chapter 1, the primary focus
of rehabilitation during this stage is to control
swelling and to modulate pain by using the
POLICE (Protection, Optimal Loading, Ice,
Compression, and Elevation) technique imme-
diately following injury. Ice, compression, and
elevation should be used as much as possible
during this phase®3 (see Figure 1-1).

Rest of the injured part is critical during this
phase. It is widely accepted that early mobility
during rehabilitation is essential. However, if
the athletic trainer becomes overly aggres-
sive during the first 48 hours following injury
and does not allow the injured part to be
rested during the inflammatory stage of heal-
ing, the inflammatory process never really gets
a chance to accomplish what it is supposed to.
Consequently, the length of time required for
inflammation might be extended. Therefore,
immobility during the first 24 to 48 hours fol-
lowing injury is necessary to control inflam-
mation. If the injury involves the lower extrem-
ity, the patient should be encouraged to be
nonweightbearing for the first 24 hours and
progressively bear more weight as pain permits.

By day 2 or 3, swelling begins to subside and
eventually stops altogether. The injured area
may feel warm to the touch, and some discol-
oration is usually apparent. The injury is still
painful to the touch, and some pain is elicited
on movement of the injured part. Following
injury, there will almost always be some loss
in ROM. Acutely, that loss can be attributed
primarily to pain; thus, modalities (ie, ice, elec-
trical stimulation) that modulate pain should
be routinely incorporated into each treatment
session. At this point, the patient should begin
active mobility exercises, working through a
pain-free ROM. In this phase, strengthening
is less important than regaining ROM, but it
should not be entirely ignored.

A physician may choose to have the patient
take NSAIDs to help control swelling and
inflammation. It is usually helpful to continue
this medication throughout the rehabilitative
process.”?
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Phase 2: The Repair Phase

Once the inflammatory response has sub-
sided, the repair phase begins. During this
stage of the healing process, fibroblastic cells
are laying down a matrix of collagen fibers and
forming scar tissue. This stage might begin
as early as 2 days after the injury and can last
for several weeks. At this point, swelling has
stopped completely. The injury is still tender to
the touch but is not as painful as it was during
the previous stage. There is less pain on active
and passive motion.62

As soon as inflammation is controlled, the
therapist should immediately begin to incorpo-
rate activities into the rehabilitation program
that can maintain levels of cardiorespiratory
fitness, restore full ROM, restore or increase
strength, and reestablish neuromuscular con-
trol. The therapist should design exercises that
simultaneously challenge the neural, muscular,
and articular systems to help the patient regain
neuromuscular control. As neuromuscular con-
trol improves, strength will also improve. The
patient very quickly “forgets” how to correctly
execute even simple motor patterns such as
walking, and the central nervous system must
relearn how to integrate visual, proprioceptive,
and kinematic information that collectively
produces coordinated movement.

As in the acute phase, modalities should be
used to control pain and swelling. Cryotherapy
should still be used during the early portion
of this phase to reduce the likelihood of swell-
ing.62 Electrical stimulating currents can help
with controlling pain and improving strength
and ROM.63

Phase 3: The Remodeling Phase

The remodeling phase is the longest of the 3
phases and can last for several years, depending
on the severity of the injury. The ultimate goal
during this maturation stage of the healing
process is return to activity. The injury is no
longer painful to the touch, although some pro-
gressively decreasing pain might still be felt on
motion. The collagen fibers must be realigned
according to tensile stresses and strains placed
upon them during functional exercises.

The focus during this phase should be on
regaining functional skills. Functional training

involves the repeated performance of move-
ment or skill for the purpose of perfecting that
skill. Strengthening exercises should progres-
sively place on the injured structures stresses
and strains that would normally be encoun-
tered during activity. Plyometric strengthening
exercises can be used to improve muscle power
and explosiveness. Functional testing should
be done to determine specific skill weaknesses
that need to be addressed prior to normal activ-
ity return.

At this point, some type of heating modality
is beneficial to the healing process. The deep-
heating modalities, ultrasound, or diathermy
should be used to increase circulation to the
deeper tissues. Massage and gentle mobiliza-
tion may also be used to reduce guarding,
increase circulation, and reduce pain. Increased
blood flow delivers the essential nutrients to the
injured area to promote healing, and increased
lymphatic flow assists in breakdown and
removal of waste products.63

USING MEDICATIONS TO
AFFECT THE HEALING
PROCESS

Medications are most commonly used in
rehabilitation for pain relief. A patient may be
continuously in pain that can be associated
with even minor injury.

The over-the-counter nonnarcotic analge-
sics often used include aspirin (salicylate), acet-
aminophen, naproxen sodium, ketoprofen, and
ibuprofen. These belong to the group of drugs
called NSAIDs. Aspirin is one of the most
commonly used drugs in the world.?0 Because
of its easy availability, it is also likely the most
misused drug. Aspirin is a derivative of salicylic
acid and is used for its analgesic, anti-inflam-
matory, and antipyretic capabilities.

Analgesia can result from several mecha-
nisms. Aspirin can interfere with the transmis-
sion of painful impulses in the thalamus.?0
Soft tissue injury leads to tissue necrosis. This
tissue injury causes the release of arachidonic
acid from phospholipid cell walls. Oxygenation
of arachidonic acid by cyclooxygenase produc-
es a variety of prostaglandins, thromboxane,
and prostacyclin that mediate the subsequent
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inflammatory reaction.”? The predominant
mechanism of action of aspirin and other
NSAID:s is the inhibition of prostaglandin syn-
thesis by blocking the cyclooxygenase path-
way.19 Pain and inflammation are reduced by
the blockage of accumulation of proinflamma-
tory prostaglandins in the synovium or carti-
lage. Stabilization of the lysosomal membrane
also occurs, preventing the efflux of destructive
lysosomal enzymes into the joints.33

Aspirin is the only NSAID that irrevers-
ibly inhibits cyclooxygenase; the other NSAIDs
provide reversible inhibition. Aspirin can
also reduce fever by altering sympathetic out-
flow from the hypothalamus, which produces
increased vasodilation and heat loss through
sweating.2>83 Among the adverse effects of
aspirin usage are gastric distress, heartburn,
some nausea, tinnitus, headache, and diarrhea.
More serious consequences can develop with
prolonged use or high dosages.4

A patient should be very cautious about
selecting aspirin as a pain reliever, for a num-
ber of reasons. Aspirin inhibits aggregation of
platelets and, thus, impairs the clotting mecha-
nism should injury occur.# Aspirin’s irrevers-
ible inhibition of cyclooxygenase, which leads
to reduced production of clotting factors, cre-
ates a bleeding risk not present with the other
NSAIDs.6! Prolonged bleeding at an injured
site will increase the amount of swelling, which
has a direct effect on the time required for
rehabilitation.

Use of aspirin as an anti-inflammatory med-
ication should be recommended with caution.
Other anti-inflammatory medications do not
produce as many undesirable side effects as
aspirin. Generally, prescription anti-inflam-
matories are considered to be equally effective.

Aspirin sometimes produces gastric dis-
comfort. Buffered aspirin is no less irritat-
ing to the stomach than regular aspirin, but
enteric-coated tablets resist aspirin breakdown
in the stomach and might minimize gastric
discomfort. Regardless of the form of aspirin
ingested, it should be taken with meals or with
large quantities of water (8 to 10 oz per tablet) to
reduce the likelihood of gastric irritation.

Ibuprofen is classified as an NSAID; howev-
er, it also has analgesic and antipyretic effects,
including the potential for gastric irritation.

It does not affect platelet aggregation as aspi-
rin does. Ibuprofen administered at a dose of
200 mg does not require a prescription and,
at that dosage, may be used for analgesia. At
a dose of 400 mg, the effects are both anal-
gesic and anti-inflammatory.l> Dosage forms
greater than 200 mg require a prescription. For
names and recommended doses of prescription
NSAIDs, refer to Table 2-1.

Acetaminophen, like aspirin, has both anal-
gesic and antipyretic effects, but it does not
have significant anti-inflammatory capabili-
ties. Acetaminophen is indicated for relief of
mild somatic pain and fever reduction through
mechanisms similar to those of aspirin.4

The primary advantage of acetaminophen is
that it does not produce gastritis, irritation, or
gastrointestinal bleeding. Likewise, it does not
affect platelet aggregation and, thus, does not
increase clotting time after an injury.64

For the patient who is not in need of an anti-
inflammatory medication but who requires
some pain-relieving medication or an anti-
pyretic, acetaminophen should be the drug of
choice. If inflammation is a consideration, the
physician may elect to use a type of NSAID.
Most NSAIDs are prescription medications
that, like aspirin, have not only anti-inflamma-
tory but also analgesic and antipyretic effects.83
They are effective for patients who cannot
tolerate aspirin because of associated gastro-
intestinal distress. Patients who have the aspi-
rin allergy triad of nasal polyps, associated
bronchospasms/asthma, and history of anaphy-
laxis should not receive any NSAID. Caution
is advised when using NSAIDs in persons
who might be subject to dehydration. NSAIDs
inhibit prostaglandin synthesis and, therefore,
can compromise the elaboration of prostaglan-
dins within the kidney during salt and/or water
deficits. This can lead to ischemia within the
kidney.>8.83 Adequate hydration is essential to
reduce the risk of renal toxicity in patients tak-
ing NSAIDs.

NSAID anti-inflammatory capabilities are
thought to be equal to those of aspirin, their
advantages being that NSAIDs have fewer
side effects and relatively longer duration of
action. NSAIDs have analgesic and antipyretic
capabilities; the short-acting, over-the-counter
NSAIDs may be used in cases of mild headache
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Table 2-1 Frequently Used NSAIDs

or increased body temperature in place of
aspirin or acetaminophen. They can be used to
relieve many other mildly to moderately pain-
ful somatic conditions like menstrual cramps
and soft tissue injury.1>

It has been recommended that patients
receiving long-acting NSAIDs have monitoring
of liver function enzymes during the course
of therapy because of case reports of liver
damage associated with the use of long-acting
NSAIDs.14

The NSAIDs are used primarily for reduc-
ing the pain, stiffness, swelling, redness, and
fever associated with localized inflammation,
most likely by inhibiting the synthesis of pros-
taglandins.1> The athletic trainer must be aware

that inflammation is simply a response to some
underlying trauma or condition and that the
source of irritation must be corrected or elimi-
nated for these anti-inflammatory medications
to be effective.74 Both naproxen and keto-
profen (now available without a prescription)
have been shown to provide additional benefit
when administered concomitantly with physi-
cal therapy.8

Muscle guarding accompanies many muscu-
loskeletal injuries. Elimination of this guarding
should facilitate programs of rehabilitation. In
many situations, centrally acting oral muscle
relaxants are used to reduce guarding. However,
to date, the efficacy of using muscle relaxants
has not been substantiated, and they do not
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appear to be superior to analgesics or sedatives
in either acute or chronic conditions.!3

Many analgesics and anti-inflammatory
products are available over the counter in com-
bination products (ie, those containing 2 or
more nonnarcotic analgesics with or without
caffeine). Chronic use of analgesics containing
aspirin and phenacetin or acetaminophen con-
tributes to the development of papillary necro-
sis and analgesic-associated nephropathy. The
presence of caffeine plays a role in dependency
on these products, leading to chronic use.

REHABILITATION PHILOSOPHY

The rehabilitation philosophy relative to
inflammation and healing after injury is to
assist the natural process of the body while
doing no harm.60 The course of rehabilitation
chosen by the athletic trainer must focus on
their knowledge of the healing process and
its therapeutic modifiers to guide, direct, and
stimulate the structural function and integrity
of the injured part. The primary goal should be
to have a positive influence on the inflamma-
tion and repair process to expedite recovery of
function in terms of ROM, muscular strength
and endurance, neuromuscular control, and
cardiorespiratory endurance.%0 The athletic
trainer must try to minimize the early effects
of excessive inflammatory processes including
pain modulation, edema control, and reduc-
tion of associated muscle spasm, which can
produce loss of joint motion and contracture.
Finally, the athletic trainer should concentrate
on preventing the recurrence of injury by influ-
encing the structural ability of the injured tis-
sue to resist future overloads by incorporating
various therapeutic exercises.®0 The subsequent
chapters of this book can serve as a guide for
the athletic trainer in using the many different
rehabilitation tools available.

SUMMARY

1. The 3 phases of the healing process are the
inflammatory response phase, fibroblastic
repair phase, and maturation remodeling
phase. These occur in sequence but overlap
one another in a continuum.

10.

11.

12.

13.

14.

. Factors that can impede the healing pro-

cess include edema, hemorrhage, lack
of vascular supply, separation of tissue,
muscle spasm, atrophy, corticosteroids,
hypertrophic scars, infection, climate and
humidity, age, health, and nutrition.

. Ligament sprains involve stretching or

tearing the fibers that provide stability at
the joint.

. Fractures can be classified as greenstick,

transverse, oblique, spiral, comminuted,
impacted, avulsion, or stress.

. Osteoarthritis involves degeneration of the

articular cartilage or subchondral bone.

. Muscle strains involve a stretching or tear-

ing of muscle fibers and their tendons and
cause impairment to active movement.

Tendinitis, an inflammation of a muscle
tendon that causes pain on movement,
usually occurs because of overuse.

. Tenosynovitis is an inflammation of the

synovial sheath through which a tendon
must slide during motion.

. Dislocations and subluxations involve dis-

ruption of the joint capsule and ligamen-
tous structures surrounding the joint.

Bursitis is an inflammation of the syno-
vial membranes located in areas where
friction occurs between various anatomic
structures.

Muscle soreness can be caused by spasm,
connective tissue damage, muscle tissue
damage, or some combination of these.

Repeated contusions can lead to the devel-
opment of myositis ossificans.

All injuries should be initially managed
with protection, rest, ice, compression, and
elevation to control swelling and, thus,
reduce the time required for rehabilitation.
A patient who requires an analgesic for
pain relief should be given acetaminophen
because aspirin may produce gastric upset
and slow clotting time.

For treating inflammation, NSAIDs are
recommended because they do not pro-
duce many of the adverse effects associated
with aspirin use.



Understanding and Managing the Healing Process Through Rehabilitation 53

REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

18.

Ackerman P, Renstron P. Tendinopathy in sport.
Sports Health: A Multidisciplinary Approach.
2012;4(3):193-201.

Andarawis-Puri N, Flatow E. Tendon basic science:
development, repair, regeneration, and healing. J
Orthop Res. 2015;33:780-784.

Anderson K, Hamm R. Factors that impair wound
healing. Journal of the American College of Clinical
Wound Specialists. 2012;4(4):84-91.

Bannuru R, Schmid C. Comparative effectiveness
of pharmacologic interventions for knee osteo-
arthritis: a systematic review and network meta-
analysis. Ann Intern Med. 2015;162(1):46-54.
Barbarinde O, Ismail H. An overview of the man-
agement of muscle pain and injuries. S Afr Fam
Pract. 2017;59(5):11-19.

Barber-Westin S, Noyes F. Factors used to deter-
mine return to unrestricted sports activities
after anterior cruciate ligament reconstruction.
Arthroscopy. 2011;27(12):1697-1705.

Barrientos S, Brem H. Clinical application of
growth factors and cytokines in wound healing.
Wound Repair Regen. 2014;22(5):569-578.

Bass E. Tendinopathy: why the difference between
tendinitis and tendinosis matters. Int J Ther
Massage Bodywork. 2012;5(1):14-17.

Basu S, Shukla V. Complications of wound healing.
In: Mani R, Romanelli M. Measurements in Wound
Healing. Switzerland: Springer-Verlag London;
2012.

Battery L, Maffulli N. Inflammation in over-
use tendon injuries. Sports MedArthrosc Rev.
2011;19(3):213-217.

Beavers K, Brinkley T. 2010. Effect of exercise
training on chronic inflammation. Clin Chim Acta
20103411(11):285-293.

Bedi A, Feeley B. Management of articular carti-
lage defects of the knee. J of Bone and Joint Surg.
2010;92(4):994-1009.

Beebe F. 2005. A clinical and pharmacologic review
of skeletal muscle relaxants for musculoskeletal
conditions. Am J Ther. 2005;12(2):151-171.

Bessone F. Non-steroidal anti-inflammatory drugs:
what is the actual risk of liver damage? World |
Gastroenterol. 2010;16(45):5651-5661.

Biederman R. 2005. Pharmacology in rehabili-
tation: nonsteroidal anti-inflammatory agents. J
Orthop Sports Phys Ther. 2005;35(6):356-367.
Booher J, Thibodeau G. Athletic Injury Assessment.
4th ed. St. Louis, MO: McGraw-Hill; 2000.

Braun C, Anderson C. Applied Pathophysiology: A
Conceptual Approach to the Mechanisms of Disease.
Philadelphia, PA: Lippincott, Williams & Wilkins;
2016.

Briggs J. Soft and bony tissues-injury, repair
and treatment implications. In Briggs J. Sports
Therapy: Theoretical and Practical Thoughts and
Considerations. Chichester, UK: Corpus; 2001.

19.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Brune K, Patrignani P. 2015. New insights into
the use of currently available non-steroidal anti-
inflammatory drugs. J Pain Res. 2015;8:105-118.

. Buckley C, Gilroy D. The resolution of inflamma-

tion. Nat Rev. 2013;13:59-66.

Burr D, Allen M. Basic and Applied Bone Biology.
New York, NY: Academic Press/Elsevier; 2013.
Chan O, Del Buono A. Acute muscle strain injuries:
a proposed new classification system. Knee Surg,
Sports Traumatol, Arthrosc. 2012;20(11):2356-2362.
Childress M, Beutler A. Management of chronicten-
don issues. Am Fam Physician 2013;87(7):486-490.
Comin J, Malliaras P. Return to competitive play
after hamstring injuries involving distrution of the
central tendon. Am J Sports Med. 2013;41(1):111-115.
Curtis J. A group randomized trial to improve safe
use of nonsteroidal anti-inflammatory drugs. Am |
Manag Care. 2005;1(9):537-543.

Darby I, Laverdet B. Fibroblasts and myofibroblasts
in wound healing. Clin, Cosmetic, and Investig
Dermatol. 2014;(7):301-311.

Di Domenica F. Physical and rehabilitative
approaches in osteoarthritis. Sem in Arthritis
Rheum. 2005;34(6; Suppl 2):62-69.

Dieppe P. Pathogenesis and management of pain
in osteoarthritis. Lancet. 2005;365(9463):965-973.
Elftherios A, Makris A. Repair and tissue engi-
neering techniques for articular cartilage. Nat Rev
Rheum. 2015;11:21-34.

Esser S, Bailey A. Effects of exercise and physical
activity on knee osteoarthritis. Curr Pain Headache
Rep. 2011;15(6):423-430.

EunHee H, Chen S. Contribution of proteogly-
can osmotic swelling pressure to the compres-
sive properties of articular cartilage. Biophys J.
2011;104(4):916-924.

Felson D. Osteoarthritis. Curr Opinions in Rheum.
2005;17(5):624-656, 684-697.

Friedman-Kester K. The function of functional
foods. Athletic Ther Today. 2002;7(3):46.

Goldring M, Goldring S. Articular cartilage and
subchondral bone in the pathogenesis of osteoar-
thritis. Ann N'Y Acad of Sci. 2010;1192:230-237.
Guo S, DiPietro L. Factors affecting wound healing.
] Dent Res. 2010;89(3):219-229.

Hauer R, Dolan E. Ligament injury and healing: a
review of current clinical diagnostics and therapeu-
tics. The Open Rehabil J. 2013;6(1):1-20.

Hess T. Checklist for factors affecting wound heal-
ing. Adv Skin Wound Care. 2010;24(4):192.

Hsu S, Liang R. 2010. Functional tissue engineer-
ing of ligament healing. BMC Sports Sci, Med
Rehabil. https://doi.org/10.1186/1758-2555-2-12\
doi.org/10.1186/1758-2555-2-12.

Hull D, Bacon D. Introduction to Dislocations. New
York, NY: Elsevier; 2011.

Kalson N, Gikas P. Current Strategies for knee car-
tilage repair. Int J Clin Pract. 2010;64(10):1444-1452.
Kary J. Diagnosis and management of quadriceps
strains and contusions. Curr Rev Musculoskeletal
Med. 2010;3:26.



54

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57-

58.

59.

60.

61.

Chapter 2

Kaux J, Forthomme B. Current opinions on tendi-
nopathy. J Sport Sci Med. 2011;10(2):238-253.

Kelly A. Managing stress fractures in patients. J
Musculoskeletal Med. 2005;22(9):463-465, 468-470,
472.

Kirkendall D, Prentice W. Rehabilitation of Muscle
Injuries. In Puddu G, Giombini A. Rehabilitation of
sports injuries: Current Concepts. Berlin: Springer;
2014.

Kjaer M, Jorgensen N. Exercise and regulation of
bone and collagen tissue biology. Prog Mol Biol
Transitional Sci. 2015;135:259-291.

Kondo T, Ishida Y. Molecular pathology of wound
healing. Forensic Sci Int. 2010;203(3):93-98.

Kumar G, Narayan B. The Biology of Fracture
Healing in Long Bones. In Banaszkiewicz P, Kader
D. (eds) Classic Papers in Orthopaedics. London,
KU: Springer London; 2014.

Levangie P, Norkin C. Joint Structure and Function:
A Comprehensive Analysis. Philadelphia, PA: FA
Davis; 2005.

Lewis P, Ruby D. Muscle soreness and delayed-
onset muscle soreness. Clin Sports Med.
2012;31(2):255-262.

Lotz M. 2010. New developments in osteoarthri-
tis: posttraumatic osteoarthritis: pathogenesis
and pharmacological treatment options. Arthritis
Res Ther. https://doi.org/10.1186/ar3046 \t doi.
org/10.1186/ar3046.

Marsell R, Einhorn T. The biology of fracture heal-
ing. Injury. 2011;42(6):551-555.

Maynes R, Burgeson R. Structure and Function of
Collagen Types. New York, NY: Elsevier; 2012.
McCabe M, Savoie F. Simple elbow dislocations:
evaluation, management, and outcomes. Phys
Sports Med. 2014;40(1):62-71.

McKinley T, Borrelli J. Basic science of intraar-
ticular fractures and posttraumatic osteoarthritis.
J Orthop Trauma. 2010;24(9):567-570.

Mehta J. Elbow dislocations in adults and children.
Clin Sports Med. 2004;23(4):609-627.

Menorca R, Fussell T. Peripheral nerve trauma:
Mechanisms of Injury and recovery. Hand Clin.
2013;29(3):317-330.

Molina F. The physiologic basis of tendinopa-
thy development. Athletic Therapy and Training.
2011;16(6):5-8.

Nderitu P, Doos L. Non-steroidal anti-inflammato-
ry drugs and chronic kidney disease progression: a
systematic review. Fam Pract. 2013;30(3):247-255.
Patel D, Roth M. Stress fractures: diagno-
sis, treatment, and prevention. Am Fam Phys.
2011;82(1):39-46.

Podlog L, Dimmock J. A review of return to sport
concerns following injury rehabilitation: practitio-
ner strategies for enhancing recovery outcomes.
Phys Ther Sport. 2011;12(1):36-42.

Pountos I, Georgouli T. Nonsteroidal anti-inflam-
matory drugs: prostaglandins, indications, and side
effects. Int ] of Interferon, Cytokine, and Mediator
Res. 2011;3:19-27.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75-

76.

77

78.

79-

8o.

81.

82.

83.

Prentice WE. Principles of Athletic Training: A
Guide to Evidence-Based Clinical Practice. 17th ed.
New York, NY: McGraw-Hill; 2020.

Prentice 'WE. Therapeutic Modalities in
Rehabilitation. New York NY: McGraw-Hill; 2018.
Rahusen F. Nonsteroidal anti-inflammato-
ry drugs and acetaminophen in the treatment
of an acute muscle injury. Am ] Sports Med.
2004;32(8):1856-1859.

Reinke J, Sorg H. Wound repair and regeneration.
Eur Surg Res. 2012;49(1):35-43.

Relaix F, Zammit P. Satellite cells are essen-
tial for skeletal muscle regeneration: the cell on
the edge returns to center stage. Development.
2012;16:2845-2856.

Saladin K. Anatomy and Physiology. New York, NY:
McGraw-Hill; 2014.

Saltin B, Gollnick P. Skeletal Muscle Adaptability:
Significance for Metabolism and Performance.
Comprehensive Physiology. Hoboken, NJ: John
Wiley & Sons; 2011.

Schenck R. Classification of knee dislocations. Oper
Tech Sports Med. 2003;11(3):193-198.

Seeley R, Stephens T, Tate P. Anatomy and
Physiology. St. Louis, MO: McGraw-Hill; 2016.
Seller R. Differential Diagnosis of Common
Complaints. Philadelphia, PA: Elsevier Health
Sciences; 2007.

Serhan C, Ward P. Fundamentals of Inflammation.
Cambridge, England: Cambridge University Press;
2010.

Sharma P. Tendon injury and tendinopathy: healing
and repair. ] Bone Joint Surg Am. 2005;87(1):187-202.
Shrier I, Stovitz S. Best of the literature: do anti-
inflammatory agents promote muscle healing? Phys
Sports Med. 2005;33(6):12.

Stechmiller J. Understanding the role of nutri-
tion and wound healing. Nutr Clin Pract.
2010;25(1):61-68.

Tetteh E, Bajaj S. The basic science and surgi-
cal treatment options for articular cartilage
injuries of the knee. J Orthop Sports Phys Ther.
2012;42(3):243-253.

Thomopoulos S, Parks S. Mechanisms of tendon
injury and repair. ] Orthop Res 1. 2015;33(6):832-839.
Tuan K. Stress fractures in patients: risk fac-
tors, diagnosis, and management. Orthopedics.
2004;27(6):583-593.

Urso, M. Anti-inflammatory interventions and
skeletal muscle injury: benefit or detriment? J Appl
Physiol. 2013;115(6):920-928.

Veqar Z. 2013. Causes and management of delayed
onset muscle soreness: a review. Hum Physiol.
2013;55:13205-13211.

Walczak B, Johnson C. Myositis ossificans. J AAOS.
2015;23(10):612-622.

Wang Y, Rudnicki M. Satellite cells, the
engines of muscle repair. Nat Rev Mol Cell Biol.
2012;13:127-133.

Warden S. Prophylactic use of NSAIDs by athletes:
a risk/benefit assessment. Physician Sports Med.
2015;38(1):132-138.



Understanding and Managing the Healing Process Through Rehabilitation 55

84. Westerblad H, Bruton J. Skeletal muscle: energy
metabolism, fiber types, fatigue, and adaptability.
Exp Cell Res. 2010;316(18):3093-3099.

85. Wild T, Rahbarnia M. Basic nutrition and wound
healing. Nutr. 2010;26(9):862-866.

86. Willie B, Duda G. Bone structural adaptation and
Wolff’s Law. In Fratsl P, Dunlop J. Materials Design
Inspired by Nature: Function Through Inner
Architecture. Washington, DC: Royal Society of
Chemistry; 2013.

87. Wohlfart H, Haensel L. Treatment and classifica-
tion of muscle injuries in sport: a consensus state-
ment. Br ] Sports Med. 2012;47(6):342-350.

88. Young A, McNaught C. The physiology of wound
healing. Surg. 2011;29(10):475-479

89. Zelle B, Fu F. Pathogenesis of soft tissue and bone
repair. In Maxey L, Magnusson J. Rehabilitation
of the Post-Surgical Orthopedic Patient. New York,
NY: Elsevier; 2013.

90. Zhou Y, Boudreau D. Trends in the use of aspirin
and non-steroidal anti-inflammatory drugs in the
general U.S. population. Pharmacoepidemiology &
Drug Safety. 2013;23: 43-50.

SOLUTIONS TO CLINICAL
DECISION-MAKING
EXERCISES

Exercise 2-1. Immediate action to control
swelling can expedite the healing process.
The athletic trainer should first provide com-
pression and elevation. Applying ice, which
decreases the metabolic demands of the unin-
jured cells, can prevent secondary hypoxic
injury. Ice also slows nerve conduction velocity,
which will decrease pain and thus limit muscle
guarding

Exercise 2-2. The athletic trainer should
explain to the coach that it can take up to 3 or 4
days for the inflammatory response to subside.

During this time, the muscle is initializing
repair by containing the injury by clot forma-
tion. Too much stress during this time could
increase the time it takes the muscle to heal.
After that, it may take a couple of weeks before
fibroblastic and myoblastic activity has restored
tissue strength to a point where the tissue can
withstand the stresses of training.

Exercise 2-3. Muscle healing generally takes
longer. While fibroblasts are laying down new
collagen for connective tissue repair, myoblasts
are working to replace the contractile tissue.

Exercise 2-4. Once the injured structure has
progressed through the inflammatory phase
and repair has begun, sufficient tensile stress
should be provided to ensure optimal repair
and positioning of the new fibers (according
to Wolff’s law). Efforts should be made right
away to avoid the strength loss that comes with
immobility due to pain.

Exercise 2-5. The presence of gross laxity
would suggest a grade 3 sprain. The athlete
should be referred to the team physician for
further evaluation.

Exercise 2-6. In a complete ligament tear,
it is likely that the nerves in that structure will
also be completely disrupted. Therefore, no
pain signals can be transmitted.

Exercise 2-7. It is likely that this young boy
has a greenstick fracture. Such fractures are
common in athletes of this age.

Exercise 2-8. Peripheral nerves are likely to
regenerate if the cell body has not been dam-
aged. The closer the injury is to the cell body,
the more difficult the healing process is. If
a nerve is severed, surgical intervention can
significantly improve chances of regeneration.

Please see videos on the accompanying website at
www.healio.com/books/sportsmedvideos7e
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58 Chapter 3

Injury evaluation is the foundation of the
rehabilitation process. To effectively coordinate
the rehabilitation process, the athletic trainer
must be able to perform a systematic differen-
tial evaluation and identify the pathological tis-
sue. According to Cyriax,!2 the injury evalua-
tion process involves applying one’s knowledge
of anatomy to differentiate between provoked
and normal tissue:

Provoked tissue - Normal tissue =Pathological tissue

Once the pathological tissue is identified,
the athletic trainer must then consider the con-
traindications and determine the appropriate
course of treatment:

Pathological tissue — Contraindications
=Treatment (rehabilitation plan)

The athletic trainer determines the appro-
priate rehabilitation goals and plan based on
the information gathered from the evaluation.
In designing the rehabilitation plan, the athletic
trainer must consider the severity, irritability,
nature, and stage of the injury.3! Throughout
the rehabilitation process, the athletic trainer
must continuously reevaluate the status of the
pathological tissue to make appropriate adjust-
ments to the rehabilitation goals and plan.

The athletic trainer might conduct multiple
injury evaluations of the following kinds for
varying purposes during the course of athletic
injury management:

e On-site evaluation at the time of injury
(on-field)

e On-site evaluation just following injury
(sideline)

e Off-site evaluation that involves the injury
assessment and rehabilitation plan

e Follow-up evaluation during the rehabili-
tation process to determine the patient’s
progress

e Preparticipation physical evaluation (pre-
season screening)

All forms of injury evaluation will involve
similar steps and procedures. However, it is
important to note the difference between the
on-site injury evaluation processes and the
off-site evaluation performed when designing a
rehabilitation program.

The goal of an on-site injury evaluation is
to quickly, but thoroughly, evaluate the patient
and determine the injury severity, whether
immobilization is needed, whether medical
referral is needed, and the manner of transpor-
tation from the field.

The off-site injury evaluation is more
detailed and used to gain information to effec-
tively design the rehabilitation program.

This chapter will focus on the steps and
procedures involved during the off-site injury
evaluation and incorporating this information
into the rehabilitation plan.

THE SYSTEMATIC
DIFFERENTIAL EVALUATION
PROCESS

The key to a successful injury evaluation is to
establish a sequential and systematic approach
that is followed in every case. A systematic
approach allows the athletic trainer to be con-
fident that a thorough evaluation has been per-
formed. However, the athletic trainer must keep
in mind that each injury may be unique in some
manner. Thus, the athletic trainer must main-
tain a systematic approach but not be inflex-
ible during the evaluation process. The Injury
Evaluation Checklist in Figure 3-1 is provided
as an example of the steps and procedures that
may be included in a sequential and systematic
evaluation scheme.

The systematic differential evaluation pro-
cess is composed of subjective and objective
elements.38 During the subjective evaluation
the athletic trainer gathers information on the
injury history and the symptoms experienced
by the patient. This is performed through an
initial interview with the patient. The athletic
trainer attempts to relate information gathered
during the subjective evaluation to observable
signs and other quantitative findings obtained
during the objective evaluation. The objective
evaluation involves observation and inspection,
acute injury palpation, range of motion (ROM)
assessment (active and passive), muscle strength
testing, special tests, neurological assessment,
subacute or chronic injury palpation, and func-
tional testing. After completing the subjective
and objective evaluation, the athletic trainer



The Evaluation Process in Rehabilitation

SUBJECTIVE PHASE

History

Patient’s impression

Site of injury

Mechanism of injury

Previous injury

Behavior of symptoms (PQRST)
____ Provocation of symptoms
Quality of symptoms

____ Region of symptoms
____ Severity of symptoms
Timing of symptoms

OBJECTIVE PHASE

Observation and Inspection

Postural alignment (see postural alignment checklist)

Gait (lower-extremity injury) or upper-extremity functional motion (upper-extremity injury)
Signs of trauma

____ Deformity

Bleeding

Swelling

Atrophy

_ Skin color

Palpation
Temperature
____ Dermatome assessment
Bone palpation
Soft tissue palpation
_ Muscle
____ Tendon
Ligament and joint capsule
Superficial nerves

*Palpate all structures accessible in a specific position before repositioning patient.
*Palpate areas above and below the injured region.

Range of Motion

Active range of motion
Passive range of motion
Resistive range of motion

*Perform range-of-motion testing in all cardinal planes of motion.
*Assess end-feels by applying overpressure.

*Assess arthrokinematic motions if normal range of motion altered.
*Be aware of capsular patterns for specific joint tested

Resistive Strength Testing
Mid-range of motion muscle tests
Specific muscle tests

*Specific muscle tests should be based on results of mid-range of motion muscle tests
*Rate or grade strength assessment

Muscle Imbalances
____ Review range of motion and resistive strength testing findings

*Determine whether muscle imbalances appear to exist

Special Tests

____ Joint stability tests

____ Joint compression tests
____ Passive tendon stretch tests
____ Diagnostic tests

Neurologic Testing

___ Dermatomes

___ Myotomes

___ Reflexes
___ Deep tendon reflexes
____ Superficial reflexes
____ Pathologic reflexes

Functional Testing
__ Movement patterns that facilitate similar stresses as encountered during normal activity (i.e., activ
ity specific)

Figure 3-1. Injury Evaluation Checklist.
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will arrive at an assessment of the injury based
on the information gathered.

Subjective Evaluation

The subjective evaluation is the foundation
for the rest of the evaluation process. Perhaps
the single most revealing component of the
injury evaluation is the information gathered
during the subjective evaluation. Essentially,
during the subjective evaluation the athletic
trainer engages in an orderly, sequential pro-
cess of questions and dialogue with the patient.
In addition to gathering information about
the injury, the subjective evaluation serves to
establish a level of comfort and trust between
the patient and the athletic trainer.

The injury history and the symptoms are
the key elements of the subjective evaluation.
A detailed injury history is the most important
portion of the evaluation. The remainder of the
evaluation will focus on confirming the infor-
mation taken from the patient’s history.

History of Injury

In gathering a detailed history, the athletic
trainer should focus on gathering information
relative to the patient’s impression of the injury,
site of injury, mechanism of injury, previous
injuries, and general medical health. The histo-
ry should be taken in an orderly sequence. This
information will then be used to determine the
appropriate components to incorporate during
the objective evaluation.

When taking the patient’s history, the ath-
letic trainer should initially use non-leading,
open-ended questions. As the subjective evalu-
ation progresses, the athletic trainer may move
to more close-ended questions once a clear
picture of the injury has been presented. Open-
ended questions involve narrative information
about the injury; close-ended questions ask for
specific information.2!

The history relies on the athletic trainer’s
ability to clearly communicate with the injured
patient. Thus, the athletic trainer should avoid
the use of scientific and medical jargon and use
simple terminology that is easy to understand.
The use of simple terminology ensures that the
patient will understand any close-ended ques-
tions the athletic trainer may ask.

PATIENT’S IMPRESSION

Allow the patient to describe in his or her
own words how the injury occurred, where
the injury is located, and how he or she feels.
While listening to the patient, the athletic train-
er should be generating close-ended questions.
Once the patient has given his or her impression
of the injury, the athletic trainer should ask more
specific questions that fill in specific details.

SITE OF INJURY

Have the patient describe the general area
where the injury occurred or pain is located.
Further isolate the site of injury by having
the patient point with one finger to the exact
location of injury or pain. If the patient is
able to locate a specific area of injury or pain,
the athletic trainer should make note of the
anatomic structures in the general area and
consider this tissue as provoked tissue. A major
purpose of the remaining evaluation phases is
to further differentiate the identified provoked
tissue from the normal tissue.® Differentiating
between provoked tissue and normal tissue
allows the athletic trainer to identify the patho-
logical tissue.!2 The athletic trainer must be
able to identify the pathological tissue to devel-
op an appropriate rehabilitation plan.

MECHANISM OF INJURY

Musculoskeletal injury results from forces
acting on the anatomic structures and ultimate-
ly results in tissue failure. Thus, it is imperative
to identify the nature of the forces acting on
the body and relate these to the anatomic func-
tion of the underlying anatomic structures.
The athletic trainer should determine whether
the injury was caused by a single traumatic
force (macrotrauma) or resulted from the accu-
mulation of repeated forces (microtrauma). In
dealing with an acute injury, it is important
to identify the body position at time of injury,
the direction of applied force, the magnitude
of applied force, and the point of application of
the applied force. The athletic trainer must then
apply knowledge of anatomy, biomechanics,
and tissue mechanics to determine which tis-
sues may have been injured. When dealing with
recurrent or chronic injuries, it is important to
establish what factors influence the patient’s
symptoms, such as changes in training, routine,
equipment use, and posture. The accumulation



of this information should be used to further
identify the pathological tissue. Any sound or
sensation noted at the moment of or immedi-
ately after injury is also important information
to gather. The athletic trainer may be able to
relate certain sounds and sensations with pos-
sible injuries, hence identifying pathological
tissue:

e Pop: joint subluxation, ligament tear
e Clicking: cartilage or meniscal tear

e Locking: cartilage or meniscal tear (loose
body)

e Giving way: reflex inhibition of muscles
in an attempt to minimize muscle or joint
loading

Previous INJURY

Tissue reinjury or injury of tissue surround-
ing previously injured tissue is common. The
athletic trainer should determine whether the
current injury is similar to previous injuries. If
so, what anatomic structures were previously
injured? How often has the injury recurred?
How was the previous injury managed, from a
rehabilitation standpoint? Have there been any
residual effects since the original injury? Was
surgery or medication given for the previous
injury? Who evaluated the previous injury?

Previous injuries may influence the evalua-
tion process of the current injury as well as the
rehabilitation plan. Secondary pathology may
be present in cases of recurrent injury, such as
excessive scar tissue development, reduced soft
tissue elasticity, muscle contracture, inhibi-
tion or weakness of surrounding musculature,
altered postural alignment, increased joint lax-
ity, or diminished joint play/accessory motions.
The athletic trainer must consider these pos-
sibilities and investigate them during the objec-
tive evaluation.

Behavior of Symptoms

During the second phase of the subjective
evaluation, the athletic trainer explores specific
details of the symptoms discovered during the
history. Again, this should be performed in a
systematic and sequential process. Moore22
describes the PQRST mnemonic to guide this
phase of the subjective evaluation (P =prov-
ocation or cause of symptoms; Q=qual-
ity or description of symptoms; R=region of
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symptoms; S=severity of symptoms; T =time
symptoms occur or recur).

PROVOCATION OF SYMPTOMS

This information is primarily gathered
through a detailed mechanism-of-injury
description by the patient. Additional infor-
mation may be gathered by asking the patient
if they are able to recreate their symptoms by
performing certain movements. However, the
athletic trainer should not have the patient
recreate these movements at this phase of the
evaluation. This will be performed during
ROM assessment in the objective evaluation.
Typically, musculoskeletal pain is worse with
movement and better with rest. Symptoms
caused by excessive inflammation may be con-
stant and not alleviated with rest. Symptoms
associated with prolonged postures may be
indicative of prolonged stress being placed on
the surrounding soft tissue structures, which
ultimately causes breakdown.

QUALITY OF SYMPTOMS

The patient should be asked to describe the
quality of his or her symptoms. The patient
might describe his or her pain as being sharp,
dull, aching, burning, or tingling. The ath-
letic trainer should attempt to relate the patient
description of the quality of symptoms to pos-
sible pathological tissue. Magee?2! describes dif-
ferent descriptions of the quality of symptoms
as being associated with different anatomic
structures:

e Nerve pain: Sharp, bright, shooting (tin-
gling), along line of nerve distribution

e Bone pain: Deep, nagging, dull, localized

e Vascular pain: Diffuse, aching, throbbing,
poorly localized, may be referred

e Muscular pain: Hard to localize, dull, ach-
ing, may be referred

REGION OF SympToms

The majority of this information is given
during the patient’s description of the site of
injury. The region of symptoms might cor-
relate with underlying injured or pathological
tissue. However, the athletic trainer must be
aware of possible referred pain patterns and not
assume that the pathological tissue is located
directly within the region of symptoms. Once
the region of symptoms has been identified,
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there are several other items that should be
noted. Do the symptoms stay localized, or do
they spread to peripheral areas? Do the symp-
toms feel deep or superficial? Do the symptoms
seem to be located within the joint or in the
surrounding area? Pain that radiates to other
areas may be due to pressure on the nerve or
from active trigger points in the myofascial tis-
sue. Symptoms that are well localized in a small
area might indicate minor injury or chronic
injury. Symptoms that are diffuse in nature may
be indicative of more severe injury.

SEVERITY OF SYMPTOMS

The severity of symptoms may give insight
into the severity of injury. However, the ath-
letic trainer should be cautious in equating
the patient’s description of severity with actu-
al injury severity. Individuals’ perceptions of
severity are highly subjective and likely vary
to a large extent from one person to the next.
Hence, information relative to perceived sever-
ity of symptoms is an unreliable indicator of
injury severity. More appropriately, reports of
symptom severity may be used during the reha-
bilitation process to track the patient’s progress.
Improvement of symptoms indicates that the
rehabilitation plan is succeeding. Worsening of
symptoms may indicate that the injury is get-
ting worse or that the rehabilitation plan is not
appropriate at this time.

The patient should quantify his or her pain
to most efficiently track the patient’s progress
during the rehabilitation process. The athletic
trainer should instruct the patient to rate his or
her pain on a scale of 0 to 10, where 0 is no pain
(normal) and 10 is the worst pain imaginable.
Having the patient rate his or her pain does
not provide an objective assessment. Rather,
this information will be used to make relative
comparisons of the patient’s progress during
rehabilitation.

TIMING OF SYMPTOMS

The onset of symptoms may help determine
the nature of the injury. Symptoms with a slow
and insidious onset that tend to progressively
worsen over time are often associated with
repetitive microtrauma. In contrast, macro-
trauma injuries typically result in a sudden,
identifiable onset of symptoms. Injuries result-
ing from repetitive microtrauma may include
stress fractures, trigger point formation,

tendinitis, or other chronic inflammatory con-
ditions. Macrotraumatic injuries may result in
ligament sprains, muscle strains, acute bone
fractures, or other acute soft-tissue injuries.
Duration and frequency of symptoms may
be used to determine whether the injury is
progressing or worsening. An improvement
in symptoms is demonstrated by reductions
in their duration and frequency. The opposite
may be reported in the situation of a worsening
injury. Response of symptoms to activity or rest
may also be used to identify the nature of the
injury. Magee?! describes several injury clas-
sifications that may be related to the response
of symptoms to activity or rest:
e Joint adhesion: Pain during activity that
decreases with rest

e Chronic inflammation and edema: Initial
morning pain and stiffness that is reduced
with activity

e Joint congestion: Pain or aching that pro-
gressively worsens throughout the day with
activity

e Acute inflammation: Pain at rest and pain
that is worse at the beginning of activity in
comparison to the end of activity

e Bone pain or organic/systemic disorders:
Pain that is not influenced by either rest
or activity

e DPeripheral nerve entrapment: Pain that
tends to worsen at night

e Intervertebral disc involvement: Pain that
increases with forward or lateral trunk
bending

Clinical Decision-Making Exercise 3-1

While taking a patient’s history, the athletic trainer
records the following information:
« Site of pain: Knee joint
o Mechanism of injury: Direct blow to knee caus-
ing knee to be forced into excessive valgus and
rotation
o Behavior of symptoms: Pain is described as
“deep, nagging, dull, and localized,” pain
increases with weightbearing, reports a click-
ing and locking sensation in knee joint
Based on the findings from the history, what types
of special tests should the athletic trainer consider
performing?



Objective Evaluation

At the completion of the subjective evalua-
tion the athletic trainer should have developed a
list of potential provoked tissues. In some cases,
the experienced athletic trainer may be able to
identify the specific injury and pathological
tissue at this point of the evaluation. During
the objective evaluation, the athletic trainer
will perform several procedures as a process of
eliminating normal tissue from being consid-
ered as provoked tissue. These procedures will
serve to differentiate between provoked and
normal tissues, allowing the pathological tissue
to be identified.

The athletic trainer should plan the objective
evaluation.?2 After completing the subjective
evaluation, the athletic trainer should create a
mental list of specific procedures and tests to
perform during the objective evaluation. At this
point the athletic trainer may expect to get spe-
cific findings during the objective evaluation.
However, the athletic trainer is reminded to
stay open-minded and not become too focused
during this stage of the evaluation.

Observation and Inspection

The beginning of the objective evaluation
consists of a visual inspection of the injured
patient as he or she enters the medical facility.
The athletic trainer focuses on the patient’s
overall appearance and specific body regions
that were identified during the subjective evalu-
ation as being a potential site of provoked
tissue. For example, if the lower extremity
is identified as a potential area of injury, the
athletic trainer will pay close attention to the
patient’s gait patterns. If an upper extremity
injury is suspected, the carrying position of
the injured extremity and movement patterns
when removing an item of clothing would be
noted. In observing the patient’s movement
patterns, the athletic trainer should be looking
for compensatory patterns, muscle guarding,
antalgic movements, and facial expressions. All
observations should be made with a bilateral
comparison of the uninvolved side.

POSTURAL ALIGNMENT

Overall postural alignment should be
assessed during the observation, especially in
patients suffering from chronic or overuse-type
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injuries.!8:21,32 Many chronic and overuse inju-
ries are due to postural malalignments that
create repeated stress on a specific tissue. Over
time the repeatedly loaded tissue may become
pathological or lead to additional postural
alignment alterations as compensatory mecha-
nisms to reduce tissue stress. In addition, pos-
tural alignment can influence muscle function.

If postural malalignments are present, the
athletic trainer should consider the patterns
of muscle tightness and weakness that would
correspond to such a postural malalignment.
Altered postural alignment can be caused by
muscle imbalances, not just bony deformity.”.8
It is important that the athletic trainer deter-
mine whether postural malalignments are due
to muscle imbalances or bony deformity, as
this might influence the rehabilitation options.
Postural malalignments that are due to muscle
imbalances may be addressed through physical
rehabilitation using appropriate muscle flex-
ibility and strengthening techniques to restore
muscle balance, hence improving normal pos-
tural alignment.

There are many elements involved with a
detailed postural alignment assessment. The
athletic trainer may consider using a checklist
approach to ensure that all elements are cov-
ered. It is important that the patient be viewed
in a weightbearing position (standing) from
multiple vantage points (anterior, posterior,
medial, lateral). In general, the athletic trainer
should be checking for neutral alignment, sym-
metry, balanced muscle tone, and specific pos-
tural deformities (genu valgum, genu varum,
etc.). A detailed checklist for postural align-
ment is provided as an example in Figure 3-2.

Clinical Decision-Making Exercise 3-2

As you assess a patient’s postural alignment,
you observe excessive anterior pelvic tilting and
increased lumbar lordosis. How would these obser-
vations guide your evaluation during the ROM and
resistive strength-testing phases?

SIGNS oF TRAUMA

During the postural alignment assessment,
the athletic trainer should also check for signs
of trauma. In acute injuries, observing for signs
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Frontal View (Anterior): Arms relaxed, palms facing lateral thighs
Line bisecting: (plumb line)

_ Nose

__ Mouth

__ Sternum

_ Umbilicus

__ Pubicbones

Level:

__ Earlobes

__ Acromion process

__ Nipples

__ Fingertip ends

__ Anterior superior iliac spine

__ Greater trochanter

_ Patella

__ Medial malleoli

Neutral Rotational Alignment

__ Shoulder (direction of olecranon process)

_ Patella

__ Feet (direction of toes)
Balanced Muscle Tone
__ Deltoids

__ Trapezius

__ Pectoralis major
__ Quadriceps

Is there evidence of:
Cubitus valgus

Cubitus varus

Internal shoulder rotation
External shoulder rotation
Pes planus

Pes cavus

Forefoot valgus

Forefoot varus

Hallux valgus

Genu valgus

Genu varus

Internal tibial rotation

rrrrr rrrrrr-rrrrrrrr
N PV XX XX XXX I I IO
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External tibial rotation

Figure 3-2. Postural Alignment Checklist. (continued)
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Femoral anteversion
Femoral retroversion
Unequal weightbearing

Line bisecting: (plumb line)
__ External auditory meatus
_ Cervical vertebral bodies
__ Acromion process

_ Deltoid

_ Mid-thoracic region
Asymmetric stance width
Frontal View (Posterior)

Line bisecting: (plumb line)
_ Head

_ Sacrum

Level:

__ Earlobes

__ Acromion process

_ Inferior angle of scapula
__ Gluteal fold

____ Greater trochanter
__ Popliteal crease
____ Medial malleoli

Normal Scapular Alignment:

Perpendicular to Floor

__ Line bisecting calcaneus

Balanced Muscle Tone
__ Trapezius

__ Deltoids

__ Rhomboids

__ Latissimus dorsi
__ Erector spinae group
_ Gluteus maximus

__ Hamstrings

Triceps surae

__ Cervical through lumbar spinous processes

__ Posterior superior iliac spine

__ \Vertebral borders rest against thorax

__ Line bisecting Achilles tendon

__ Superior and inferior angles are equal distance from vertebrae

____ Superior and inferior angles sit at ribs 2 and 7, respectively

Figure 3-2 (continued). Postural Alignment Checklist. (continued)
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Is there evidence of:
Winging scapula
Rear foot valgus
Rear foot varus
Scoliosis

Lateral shift

rr-rr-r-r
0 X0 N NN

Sagittal View (Bilateral)
Line bisecting: (plumb line)
__ External auditory meatus

_ Cervical vertebral bodies

__ Acromion process

Deltoid

_ Mid-thoracic region

_ Greater trochanter

Lateral femoral condyle (slightly anterior)
_ Tibia (parallel to plumb line)

Lateral malleolus (slightly posterior)

Level:

__ Chin tucked slightly

_ Mild cervical curvature

__ Mild thoracic curvature

_ Mild lumbar curve

__ Knees straight, but not locked

Is there evidence of:

Genu recurvatum L
Hip flexor contracture (anterior pelvic tilt) L

Forward head / shoulder L

__ Anterior superior iliac spine and posterior superior iliac spine General (normal)

nw o o ™

Figure 3-2 (continued). Postural Alignment Checklist.

of trauma might be the primary purpose of the
observation (Figure 3-3). Gross deformity along
the bone’s long axis or joint line may be pres-
ent in cases of fractures of joint dislocations.
Visible swelling, bleeding, or signs of infection
at the injury site should also be noted, as should
the nature of its onset.

Swelling that is rapid and immediate could
be indicative of acute trauma; gradual and
slow-onset swelling may be more indicative
of chronic overuse injury. The athletic trainer
should attempt to quantify the amount of

swelling by taking girth or volumetric mea-
surements. Quantification of swelling can help
establish rehabilitation goals and aid in track-
ing rehabilitation progress.

Atrophy of the surrounding muscles may
be present in the case of chronic injury. Skin
color and texture should also be assessed. The
patient’s skin might have red (inflammation),
blue (cyanosis, indicating vascular compro-
mise), or black-blue (contusion) coloration. If
the skin appears to be shiny, to have lost elas-
ticity, or to have lost overlying hair, or if there



Figure 3-3. During the observation
phase of an injury evaluation, the
clinician should look for any visible signs
of injury such as bleeding, discoloration,
or deformity.

is skin breakdown, there might be a peripheral
nerve lesion.

The information collected during the obser-
vation should be related to the findings of the
subjective evaluation. This will allow the ath-
letic trainer to further confirm or differentiate
possible pathological tissue.

Palpation

The question of when palpation should be
performed during the objective evaluation is
debatable. Some feel that palpation should be
performed immediately following the observa-
tion; others feel that palpation should be per-
formed later during the objective evaluation.
If an acute injury is being evaluated, palpa-
tion may be appropriate immediately follow-
ing observation to detect any obvious, but not
visible, soft tissue or bony deformities.22 Such
findings may warrant termination of the evalu-
ation and immediate referral to a physician.
However, if the injury is subacute or chronic in
nature, palpation may be performed later in the
objective evaluation. The disadvantage of per-
forming palpation early in the objective evalu-
ation is that such manual probing can elicit a
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Figure 3-4. Palpation should be based on a solid
knowledge of anatomy and performed in a systematic
manner looking for signs of point tenderness, pain,
deformity, or increased temperature.

pain response that will distract from findings
during the later subphases of the objective
evaluation (ROM, strength, and special tests).!1

Regardless of when palpation is performed,
the primary purpose of palpation is to local-
ize as closely as possible the potential patho-
logical tissues involved (Figure 3-4). To gain
the patient’s confidence, palpation should start
with a gentle and assuring touch and the train-
er should frequently communicate with the
patient. Palpation should be performed in a
sequential manner and include the anatomic
and joint structures that are above and below
the site of the injury. Palpation should begin
on the uninjured side so that the patient knows
what to expect and the examiner knows what
is “normal” and has an objective comparison
when palpating the injured side. Palpation of
the injured side begins with the anatomic struc-
tures distal to the site of pain and then progres-
sively works toward the potential pathological
tissues. To systematically palpate all possible
tissues, it may be helpful to develop a specific
sequencing of tissues to palpate.32 For example,
the athletic trainer might first palpate all bones,
then ligaments and tendons, and then the mus-
cles and corresponding tendons. Consideration
should be given to positioning of the patient as
one develops the sequencing of tissues to pal-
pate. Minimizing patient movement is impor-
tant, as excessive motion can cause the patient’s
symptoms to worsen. Thus, the athletic trainer
should palpate all possible anatomic structures
in a given position prior to repositioning the
patient.
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During palpation, the athletic trainer should
take note of point tenderness, trigger points,
tissue quality, crepitus, temperature, and sym-
metry.16,21,22,27.30,32 Point tenderness is noted
by indications of pain over the area being pal-
pated. If point tenderness is noted, the patient
should be asked to rate his or her point tender-
ness on a scale of 0 to 10, where 0 is no pain
(normal) and 10 is the worst pain imaginable.
Similar to rating one’s symptoms, this does not
provide an objective assessment. Rather, this
information will be used to make relative com-
parisons of the patient’s progress during reha-
bilitation. Trigger points may be located in the
muscle and feel like a small nodule or muscle
spasm. The trigger point may be identified as an
area that upon palpation refers pain to another
body area. Increased tissue temperature may be
present if infection or inflammation is present.
Calcification or change in tissue density may be
present in a poorly managed hematoma forma-
tion, or might indicate effusion or hemarthrosis
of the joint. Crepitus is a crunching or crack-
ling sensation along the tendon, bone, or joint.
Crepitus along the length of a tendon can indi-
cate tenosynovitis or tendinitis. The presence
of crepitus along the bone or joint may indicate
damage to the bone (fracture), cartilage, bursa,
or joint capsule. Rupture of a muscle or tendon
may present as a gap at the point of separation.

All information gathered during palpation
should be used to further confirm the findings
of the initial evaluation steps. At this point the
athletic trainer should be further able to differ-
entiate between the normal and provoked tis-
sue. Before beginning the next subphase of the
objective evaluation, the athletic trainer should
review the findings and further organize the
remainder of the objective evaluation.

Special Tests

Range of Motion

ROM assessment involves determining the
patient’s ability to move a limb through a
specific pattern of motion. There are several
general principles that should be applied dur-
ing ROM testing. Motions will be performed
passively, actively, and against resistance to
fully quantify the patient’s status.22:32 Testing

should first be performed on the patient’s unin-
jured limb through each of the joint’s cardinal
planes of motion and the quantity of motion
available should be recorded. Then ROM test-
ing is repeated on the injured limb. The ath-
letic trainer can then compare the ROM of the
injured limb to that of the uninjured limb and/
or against established normative data.2¢ In
addition, ROM records will serve an important
role in tracking the patient’s progress during
rehabilitation. Active ROM testing should be
performed first, followed by passive, then resis-
tive, ROM assessment.22:32 If possible, the ath-
letic trainer should perform movement patterns
that facilitate pain at the end to prevent a car-
ryover effect to following movement patterns.
This should be evident based on the previous
steps performed during the evaluation process.
ROM assessment should also be performed at
the joints proximal and distal to the involved
area for a comprehensive evaluation.32 These
general guidelines allow the athletic trainer to
efficiently assess ROM.

One of the primary goals of ROM testing is to
assess the integrity of the inert and contractile
tissue components of the joint complex. Inert
tissues are sometimes referred to as anatomic
joint structures and include bone, ligament,
capsule, bursae, periosteum, cartilage, and
fascia.l2 The contractile tissues, also referred
to as physiological joint structures, include
muscle, tendon, and nerve structures.1? Cyriax
developed a method to differentiate between
inert and contractile pathological tissues as
part of the ROM assessment.12 Differentiating
between inert or contractile tissue pathology is
performed by selectively applying passive and
active tension to joint structures and making
note of where pain is located.12 The ability to
differentiate between inert and contractile tis-
sue pathology is an important step in setting
up the rehabilitation plan and identifying the
appropriate tissue to treat.

Inert tissue pathology is indicated when the
patient reports pain occurring during both
active and passive ROM in the same direction
of movement.12 Typically, pain due to inert
tissue pathology will occur near the end of
the ROM as the tissue becomes compressed
between the bony segments. Example: The
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Figure 3-5. Goniometry. (A) A goniometer can be used to measure both active and passive range of motion at a
specific joint. (B) Digital inclinometer can provide a more objective and accurate measure of joint ROM.

patient reports pain in the anterior shoulder
region when actively and passively moving the
humerus into the end range of shoulder flexion.
Because pain was present in the same direction
of motion (direction of shoulder flexion =ante-
rior shoulder) during active and passive move-
ments, pathology of an inert tissue structure of
the shoulder would be indicated.

Contractile tissue pathology is indicated
when the patient reports pain in the same
direction of motion during active ROM, then
reports pain in the opposite direction of motion
during passive ROM.12 Contractile tissue pain
occurs due to increased tension placed on the
tissue. However, the cause of contractile tissue
tension differs between active and passive ROM
testing. During active ROM, contractile tissue
tension increases due to the voluntary agonist
muscle contraction generated to move the limb.
In contrast, passive ROM increases contractile
tissue tension as the muscle is stretched by the
athletic trainer. Example: The patient reports
anterior shoulder pain when actively bringing
the humerus into shoulder flexion (pain in
same direction as motion) and when passively
bringing the humerus into shoulder extension
as it is stretched by the athletic trainer (pain in
opposite direction as motion). It is not possible
to determine the specific location of either inert
or contractile tissue pathology through ROM
assessment. This is accomplished by incorpo-
rating manual muscle and special tests to locate
the exact location of pathology.

Clinical Decision-Making Exercise 3-3

During knee flexion ROM testing, a patient com-
plains of pain in the same direction of motion dur-
ing active ROM, but no pain during passive ROM.
Upon testing knee extension ROM, the patient
indicates that pain occurs in the opposite direction
of motion during passive ROM. What type of tis-
sue may be suspected to have been injured, based
on these findings?

MEASURING JOINT RANGE oF MoTioN

Both active and passive joint range of
motion can be measured using goniometry.
(Figure 3-5A) When measuring joint range of
motion, the goniometer should generally be
placed along the lateral surface of the extrem-
ity being measured. The 0, or starting, position
for any movement is identical to the standard
anatomical position. The patient should move
the joint either actively or passively through the
available range to the endpoint. The stationary
arm of the goniometer should be placed parallel
with the longitudinal axis of the fixed reference
part. The movable arm should be placed along
the longitudinal axis of the movable segment.
(note: The axis of rotation will change through-
out the range as movement occurs. Thus, the
axis of rotation is located at the intersection of
the stationary and movable arms.) A reading in
degrees of motion should be taken and record-
ed as either active or passive range of motion for
that movement.

Like a goniometer, a digital inclinometer
may be used for measuring range of motion
digitally (Figure 3-5B). It provides accuracy,
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Table 3-1 End-Feel Categorization Scheme

repeatability, and objective documentation of
range of motion measurements.

AcTIVE RANGE OF MoTION

Having the patient “actively” contract his
or her muscles as he or she takes his or her
limb through the desired cardinal plane of
motion assesses active ROM, location of pain,
and painful arcs.2’ A painful arc is pain that
occurs at some point during the ROM but later
disappears as the limb moves past this point in
either direction.27.32 Typically, a painful arc is
present due to impingement of tissue between
bony surfaces. Painful arcs may be present
during either active or passive ROM testing.
Overpressure may be applied at the end ROM
to assess end-point feels, if active ROM is full
and pain-free.22 Pain or limited ROM prohib-
its applying overpressure during active ROM
assessment and may indicate waiting until
the passive ROM testing. If ROM is limited or
elicits pain, the athletic trainer should consider
the cause of these findings, as this will have
direct implications on the rehabilitation plan.
Limited ROM can be caused by several factors,
including swelling, joint capsule tightness, ago-
nist muscle weakness/inhibition, or antagonist
muscle tightness/contracture.!>

PassIVE RANGE oF MoTion

When passive ROM is assessed, the patient
should be positioned so that the contrac-
tile tissues are relaxed and do not influence

the findings due to active muscle contrac-
tion. The athletic trainer then takes the limb
through the desired passive movement pattern
until the point of pain or end ROM.

A number of recent studies have shown
the importance of using passive ROM gonio-
metric assessments to identify individuals at
risk for injury to the lower extremity. For
example, multiple studies have demonstrated
that restriction in hip rotation has been associ-
ated with increased risk of ACL injury.2.20,33,34
Wabhlstedt has shown that limited ankle dor-
siflexion is also predictive of potential ACL
injury.3> Winkelmann found that increased
ankle plantar flexion and greater hip exter-
nal rotation were in part predictive of medi-
al tibial stress syndrome in physically active
individuals.37

Upon reaching the end ROM, gentle over-
pressure should be applied and particular atten-
tion should be directed toward the sensation of
the end-point feel.

The end-point feel encountered at the end
ROM has been given several normal and abnor-
mal classification schemes.? End-point feel
assessment may be useful in helping determine
the type of pathological tissuel? (Table 3-1).
The athletic trainer should determine whether
differences exist between the ranges of motion
available during active and passive testing.
Reduced ROM during active compared to pas-
sive testing may indicate deficiency in the



contractile tissue. Contractile tissue deficien-
cies may be caused by muscle spasm or con-
tracture, muscle weakness, neurological deficit,
or muscle pain.32 Such deficiencies should be
addressed during the rehabilitation plan to
restore normal ROM. The presence of crepitus
or clicking is also of significance during pas-
sive ROM testing.2! Crepitus or clicking along
the joint line or between 2 bones may indicate
damage to the articular cartilage or a possible
loose body in the joint. Similar sensations along
the muscle or tendon may indicate adhesion
formation or tendon subluxation.

Clinical Decision-Making Exercise 3-4

You determine that a patient’s active and passive
ROM is limited. Based on this information you
assess the patient’s arthrokinematic motion and
find that it is hypomobile. What types of exercises
would you consider incorporating into the patient’s
rehabilitation plan to address these findings?

CAPSULAR PATTERNS OF MoTion

Irritation to the joint capsule may cause a
progressive loss of available motion in different
cardinal planes of motion. When identifying
a capsular pattern, movement restrictions are
listed in order, with the first being the motion
pattern that is most affected.2” Each joint has
a specific pattern of progressive motion loss
in different planes of motion. For example,
the capsular pattern of the glenohumeral joint
involves significant limitation to external rota-
tion, followed by abduction and internal rota-
tion. Presence of a capsular pattern indicates
a total joint reaction that may involve muscle
spasm, joint capsule tightening (most com-
mon), and possible osteophyte formation.2!
The athletic trainer must determine which
joint structures may be involved with the cap-
sular pattern to adequately plan the patient’s
rehabilitation. This will be performed through
assessment of joint end-feels, muscle strength,
and various special tests.

NONCAPSULAR PATTERNS OF MOTION

Noncapsular patterns of motion result from
irritation to structures located outside of the
joint capsule and do not follow the progres-
sive loss of motion patterns as observed with
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a capsular pattern. Cyriax has classified the
following lesions as producing noncapsular pat-
terns of motion.12

e Ligamentous adhesion occurs after injury
and may result in a movement restriction
in one plane, with a full pain-free range in
other planes.

e Internal derangement involves a sudden
onset of localized pain resulting from
the displacement of a loose body within
the joint. The mechanical block restricts
motion in one plane while allowing normal,
pain-free motion in the opposite direction.
Movement restrictions can change as the
loose body shifts its position in the joint
space.

e Extra-articularlesion results from adhesions
occurring outside the joint. Movement in a
plane that stretches that adhesion results in
pain, whereas motion in the opposite direc-
tion is pain-free and nonrestricted.

Accessory MoTioN AND JOINT PLAY
(ARTHROKINEMATIC MoTION)

Accessory or joint play motions occur
between joint surfaces as the joint undergoes
passive and active motions.2! The motion
occurring between the joint surfaces is
also referred to as arthrokinematic motion.
Arthrokinematic motions are not actively pro-
duced by the patient. However, arthrokinematic
motion is necessary for full active and passive
joint ROM to be achieved. As such, accessory
motion/joint play assessment should be evalu-
ated during a comprehensive assessment of
joint ROM.27

Three types of arthrokinematic motions
can occur: roll, glide, and spin. A detailed
description of the arthrokinematic motions is
provided in Chapter 13. In brief, for normal
joint motion to occur there must be normal
arthrokinematic motion available. An example
of arthrokinematic motion can be easily dem-
onstrated at the knee in the open kinetic chain
position as the knee moves from a flexed posi-
tion into full extension (femur is stationery,
tibia is moving). During this motion the tibia
rolls and glides anteriorly and spins exter-
nally (external rotation) relative to the femur.
Because arthrokinematic motions are invol-
untary, assessment requires specific manual
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Normal/Go

Figure 3-6. A manual muscle test can be used to assess
levels of strength at different points in the ROM.

techniques. Techniques used for assessment of
accessory motion are the same as those used in
joint mobilization treatment and are discussed
in detail in Chapter 13.

During arthrokinematic motion assess-
ment, the examiner is looking for alterations in
either hypomobility (restricted arthrokinema-
tic motion) or hypermobility (excessive arthro-
kinematic motion). In addition to assessing
the amplitude of arthrokinematic motion, the
examiner should also note signs of joint stiff-
ness, quality of motion, end-feel, and pain.2”

It is particularly important to evalu-
ate arthrokinematic motion in patients that
have reduced passive or active ROM. It is
possible that limited passive and active ROM
arises from altered arthrokinematic motions.
Reduced arthrokinematic motions may be due
to joint capsule or ligamentous adhesions and
tightness. To restore normal passive and active
ROM in the patient demonstrating reduced
arthrokinematic motion, it will be important to
incorporate joint mobilization techniques dur-
ing the rehabilitation process.

Resistive Strength Testing

Resistive strength testing uses manual
muscle tests (MMT) to assess the state of
contractile tissue (muscle, tendon, and nerve;
Figure 3-6).1718 Typically, resistive strength
testing is performed as the patient performs an
isometric contraction while the athletic trainer
performs a “break test.” The break test assess-
es the amount of isometric force the patient
can generate prior to allowing joint motion
(ie, “breaking” the isometric contraction). In

general, 2 types of resistive strength testing
are used during the injury evaluation process:
midrange of motion muscle testing and specific
muscle testing.18

MIiDpRANGE oF MoTtioNn MuscLE TESTING

The athletic trainer should perform mid-
range of motion muscle testing before perform-
ing specific muscle testing. It is important to
perform midrange motion to allow for isolation
of contractile tissue. Muscle testing performed
near the end ROM may involve the inert tissue
structures. When pain or weakness is noted
during muscle testing at the end ROM, it will be
difficult to determine whether pain arises from
contractile or inert tissues.! The athletic trainer
should be aware of any type of compensatory
motions the patient may perform as an attempt
to compensate for weak or limited motion.

Midrange of motion muscle testing is per-
formed by placing the joint in its approxi-
mate midrange of motion for a specific move-
ment pattern. The athletic trainer tells the
patient, “Don’t let me move you,” and then
applies a manual force to initiate the break
test. Midrange of motion muscle testing should
be performed in each of the cardinal planes
of motion and compared bilaterally to the
uninjured limb. Midrange of motion muscle
testing focuses on muscle groups, not specific
muscles. Thus, performing specific muscle test-
ing of the agonist and synergistic muscles act-
ing in that cardinal plane of motion should be
included as a follow-up for noted weakness or
pain during midrange of motion muscle test-
ing.! Essentially, the results of the midrange of
motion muscle testing will guide the examiner
through specific muscle testing.

During the midrange of motion muscle test-
ing the athletic trainer does not “grade” strength,
but instead assesses the motion as strong, weak,
painful, or painless.!® According to Cyriax,12
the athletic trainer can identify the type of
lesion through muscle testing (Table 3-2).

Clinical Decision-Making Exercise 3-5

During midrange of motion muscle testing, you
note that the patient has pain and weakness when
performing hip extension. Based on this finding,
what muscles should be tested during specific
muscle testing?



Table 3-2 Midrange of Motion
Muscle Testing Scheme
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Table 3-3 Specific Muscle Testing
Grading Scheme

Cyriax System for Differentiating
Muscular Lesions

Strong and painless =normal muscle

Strong and painful =minor lesion in some part
of muscle or tendon (first- or second-degree
strain)

Weak and painless=complete rupture of
muscle or tendon or some nervous system
disorder

Weak and painful =gross lesion of contractile
tissue (muscle or tendon rupture,
peripheral nerve or nerve root involvement;
if movement is weak and pain free,
neurological involvement or a tendon
rupture should be first suspected)

SpPeciFic MuscLE TESTING

Specific muscle testing is used to assess the
strength and integrity of specific muscles, not
simply muscle groups. Muscles tested dur-
ing specific muscle testing should be based
upon information obtained from midrange of
motion muscle testing, ROM assessment, and
the patient’s history. Similar to midrange of
motion muscle testing, the athletic trainer will
apply a break test to assess muscle function.
However, the joint is placed in various positions
in an attempt to isolate stress on the muscle of
interest. Detailed positioning of the joint to
isolate specific muscles is described in detail by
Avers,! as well as Kendall.!8

During specific muscle testing the athletic
trainer will note any pain and grade the patient’s
muscle strength. This information will be com-
pared to the injured side and be used during
rehabilitation to track the patient’s progress
in regaining muscle strength. Several grading
scales have been reported; numerical systems
are the most common! (Table 3-3). Weakness
or pain elicited during resistive strength test-
ing may be caused by several factors, including
muscle strain, pain/reflex inhibition, peripheral
nerve injury, nerve root lesion (myotome), ten-
don strain, avulsion, or psychological overlay.2!
The athletic trainer should always consider the
source of muscular deficiency and not simply
focus on assigning a muscle strength grade.

Grade 5 | Normal

Complete active ROM
against gravity, with

maximum resistance

Grade 4 | Good Complete active ROM
against gravity, with

some resistance

Grade 3 | Fair Complete active
ROM, with gravity

eliminated

Grade 1 | Trace Evidence of slight
muscle contraction,

with no joint motion

No evidence of muscle
contraction

Grade 0 | Zero

Through appropriate use of neurological tests
and various special tests, the athletic trainer
should be able to accurately identify the source
of muscular deficiency. This is imperative to
efficiently manage the injury throughout the
rehabilitation process.

Muscle Imbalances

After evaluating both ROM and resistive
strength testing, the athletic trainer should
review the findings to determine whether mus-
cle imbalances can be identified. Muscle imbal-
ances arise between an agonist muscle and its
functional antagonist muscle, disrupting the
normal force-couple relationship between the
agonist and antagonist muscle.”-8:29 Muscle
tightness or hyperactivity of one muscle or
muscle group is often the initial cause of muscle
imbalances and initiates a predictable pattern
of kinetic dysfunction.”8:29 Tightness or hyper-
activity in the agonist muscle can cause inhibi-
tion of the antagonist muscle. This is explained
by Sherrington’s law of reciprocal inhibition.
Reciprocal inhibition causes decreased neural
drive to the antagonist muscle, which ulti-
mately facilitates a functional weakness of the
antagonist muscles. Agonist muscle tightness
and hyperactivity combined with inhibition
and weakness of the antagonist muscles results
in disruption of the normal force-couple rela-
tionship between these muscles, hence a muscle
imbalance.”8
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Figure 3-7. Muscle imbalance injury paradigm.

Initial disruption of the normal force-couple
relationship between agonist and antagonist
muscles stimulates a series of events that fur-
ther perpetuates the altered force couple rela-
tionship. Due to the force imbalance between
agonist and antagonist muscles, the joint tends
to position itself in the direction of the tight
agonist muscle and normal postural align-
ment can be adversely affected.”-8 Alterations
to postural alignment allow the agonist mus-
cle to move into a more shortened position.
Conversely, the antagonist muscle is lengthened
from its normal position. Increasing the rest-
ing length of the antagonist muscle is believed
to alter the normal length-tension relation-
ship of the muscle, which further reduces the
antagonist muscle’s ability to generate force.
Reduced antagonist muscle force generation
due to lengthening is explained by the length-
tension relationship. As the antagonist muscle
is lengthened, there are fewer cross-bridges
that can be aligned, hence reduced muscle force
capacity. Reduced antagonist muscle force out-
put further disrupts the normal force-couple
relationship and may bring about additional
postural alignment alterations.”8

To compensate for weakness of the antago-
nist muscle group, the patient might compen-
sate by placing greater reliance on muscles that
act as synergists to the weakened muscles. This
is referred to as synergistic dominance.”8 The
synergist muscles are now forced to perform
greater work to accelerate and decelerate the
bony segments. This places greater demands

on the synergist muscles, which increases the
risk of injury to these muscles.”8 This series of
events is summarized in Figure 3-7.

Jandal” has identified several common mus-
cle imbalances that may be observed by the
athletic trainer. The basic concept is to separate
muscles into 2 basic groups based on their func-
tion: movement and stabilization.

Movement group muscles are characterized
as being:

e Prone to developing tightness (hyperactive)

e More active during functional movements

(hyperactive)

More active when the individual becomes
fatigued or when performing new move-
ment patterns (hyperactive)

Stabilization group muscles are character-
ized as being:
e Prone to developing inhibition and weak-

ness (reduced force capacity)

Less active during functional movements
(reduced force capacity)

Easily fatigued during dynamic move-
ments (reduced force capacity)

According to Janda, several specific muscles
in the movement and stabilization groups are
extremely prone to developing tightness and
weakness, respectively.l” These muscles are
indicated in Table 3-4.

It is important for the examiner to address
muscle imbalances during the rehabilitation
process to restore normal postural alignment



and force-couple relationships. The athletic
trainer must pay special attention to whether
limited ROM in one muscle is accompanied by
weakness in its functional antagonist. If a mus-
cle imbalance is revealed, the athletic trainer
must work to restore the normal force-couple
relationship during rehabilitation to reestablish
postural alignment. In general, restoring nor-
mal balance between muscles is accomplished
by first stretching the tight muscle to restore
normal ROM before attempting to strengthen
the weak antagonist muscle. Failure to address
muscle imbalances can result in a failed reha-
bilitation program where the examiner is con-
stantly treating the symptoms, but never the
cause.

Additional Special Tests

At this point in the evaluation, the athletic
trainer should have considerably narrowed the
list of possible pathological tissues involved
and be judicious in choosing the special tests
to perform. Suspicion of a fracture or joint
dislocation may contraindicate performance
of various special tests that could exacerbate
the current injury. Also, if the patient is in a
considerable amount of pain, performance of
special tests may yield findings of question-
able validity. In cases where the patient is in a
considerable amount of pain it is best to wait
until the patient’s symptoms have subsided to
perform the special tests.

The special tests performed at this phase
should be used to further differentiate between
pathological and normal tissue.22 The athletic
trainer should perform special tests only on
those tissues that they suspect to be patho-
logical based on the findings from the previous
evaluation phases.22 The experienced athletic
trainer performs only those special tests that
confirm their previous findings and eliminate
other tissues from being involved. To isolate
pathological tissue, special tests are designed
to assess the integrity of specific body tissues,
such as muscle, ligament, tendon, joint surface,
and nerve.

There are several types of special tests. Joint
stability tests assess the integrity of the inert
joint tissues, specifically the joint capsule and
ligaments. Joint stability testing is performed
by applying to the joint a manual force that
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Table 3-4 Janda Classification of
Functional Muscle Groupings'?

places strain on specific capsular or ligamen-
tous structures. The manual force is applied
until reaching the end point of the specific
joint motion. The athletic trainer then grades
the amount of joint laxity (displacement) and
end-feel and notes the presence of pain. For
example, the Anterior Drawer Test at the knee
assesses the integrity of the anterior cruciate
ligament. Based on these findings the athletic
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trainer may estimate the extent of injury to the
specific capsular or ligamentous structures
tested. Table 3-3 indicates the grading system
commonly used to assess joint stability.

Joint compression tests assess the integrity
of inert joint tissues that line the joint surface,
such as the articular cartilage and meniscus.
Joint compression testing is performed as the
athletic trainer manually applies a compressive
load across the joint, typically combined with
some form of rotary stress. This type of com-
bined motion places significant stress across
the joint surface and may elicit a painful or
crepitus/clicking sensation at the joint level.

The McMurray’s test at the knee is an exam-
ple of a joint compression test. Passive tendon
stretch tests are used to determine the pres-
ence of tendinitis or tenosynovitis. The ath-
letic trainer applies a passive stretch along the
tendon that when positive elicits a painful or
crepitus like sensation along the tendon.

Another form of special tests that may be
useful are anthropometric assessments of the
patient of injured area.?2 Anthropometric
assessments range from being as simple as
qualitatively assessing the patient’s somato-
type (general body structure) to as detailed as
performing body composition assessment (eg,
underwater weighing). Such information may
be useful in situations where the patient will
be required to miss a significant amount of
physical activity for a prolonged period. The
athletic trainer may be able to compare the
patient’s body composition pre- or immediately
post-injury to their body composition during
rehabilitation or before returning to activity.

Anthropometric assessments might also be
performed on the limb and might include
measurements of limb girth and volume. Limb
anthropometric measurements can be useful in
tracking rehabilitation progress to assess swell-
ing or muscle atrophy/hypertrophy.22.32

Neurological Testing

There is some debate as to how often neu-
rological testing should be performed. Some
believe that neurological testing should be per-
formed any time the patient reports symp-
toms that affect his or her distal extremities,
such as below the acromion process or gluteal
folds,11.27 especially if the mechanism of injury

was not directly witnessed. However, other
professionals do not feel that neurological test-
ing is warranted for orthopedic evaluations,
unless the results from the previous evaluation
phases suggest nervous system involvement.416
Neurological testing may be indicated from the
history if the patient describes unexplained loss
of strength, paresthesia, or numbness, or has
sustained an injury to the vertebral region that
may have involved the spine.32

Neurological testing typically involves 3
components: sensory (dermatomes), motor
(myotomes), and reflex (deep tendon, super-
ficial, and pathological reflexes) testing.4
Neurological testing of these 3 components
assesses the integrity of the spinal nerve roots
and peripheral nerves. The evaluator’s chal-
lenge is to determine whether the nerve root or
peripheral nerve is the source of the symptoms.
Nerve root damage typically involves abnormal
motor and sensory function over a large area.
In contrast, peripheral nerve damage will be
confined to a more localized area innervated by
the nerve.# Other possible neurological testing
components include cranial nerve assessment,
neuropsychological assessment (cognitive abili-
ty), and cerebellar function (coordinated move-
ments: finger-to-nose).16

DERMATOME TESTING

Dermatomes are areas of the skin whose
sensory distribution is innervated by a spe-
cific nerve root. Assessment of dermatomes
involves a bilateral comparison of light touch
discrimination. During dermatome testing the
examiner should alter or remove the pressure
applied to one side to determine whether the
patient can distinguish changes in pressure.
Sensory testing may also include sharp and dull
discrimination, hot and cold discrimination,
and 2-point discrimination to assess peripheral
nerve injury.# Dermatomes for the body are
illustrated in Figure 3-8

MyoToME TESTING

Myotomes represent a group of muscles
that are innervated from a specific nerve root.
Essentially, myotomes are the motor equivalent
to dermatomes.23 Myotomes may be assessed
for various muscle groups of the upper and lower
extremities. Myotome testing is performed
through sustained isometric contraction of a
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Cranial nerve (CN V)

(=]

Anterior view

Posterior view

Figure 3-8. Dermatome assessment.
(Reprinted with permission from McKinley
M, O’Loughlin V. Human Anatomy, 1st ed. NY:
McGraw-Hill; 2006:498.)

Table 3-5 Myotome Assessment

specific muscle. Common muscles tested dur-
ing myotome assessment are listed in Table 3-5.

REFLEX TESTING

Reflex testing may involve the assessment of
deep tendon reflexes, superficial reflexes, and
pathological reflexes. Testing for deep tendon
reflexes assesses the integrity of the stretch
reflex arc for a specific nerve root and provides
further information on the integrity of the

Figure 3-9. A reflex hammer may be used to elicit a reflex
muscle muscle contraction.

specific nerve root.16 Testing of deep tendon
reflexes typically involves the use of a reflex
hammer (Figure 3-9). The athletic trainer
strikes over the tendon to place a slight quick-
stretch on the tendon. If done properly, the
slight stretching of the tendon will elicit a reflex
response (ie, a muscle jerk response). Applying
a quick-stretch to almost any tendon can facili-
tate the reflex response, if done properly. There
are several upper and lower extremity deep
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Table 3-6 Deep Tendon Reflex
Assessment

Table 3-7 Deep Tendon Reflex
Grading Scheme

C6=Biceps brachii
C7 =Triceps brachii
C8=Brachiradialis
L4 =Patella tendon
S1=Achilles tendon

tendon reflexes that may be tested (Table 3-6).
However, not all nerve roots have a specific
deep tendon reflex. The common deep ten-
don reflexes assessed in the upper and lower
extremities include the biceps, brachioradialis,
triceps, patella, hamstrings medial, hamstrings
lateral, tibialis posterior, and the Achilles ten-
don. Grading of deep tendon reflexes uses a
5-point scale to characterize the stretch reflex
response and compare it bilaterally to the unin-
jured limb (Table 3-7).

Superficial reflexes are assessed as the ath-
letic trainer provides a superficial stroking
of the patient’s skin, usually using a sharp
object.16:21 During this time the examiner notes
the movement of the patient’s skin or dis-
tal extremities. Commonly, several superficial
reflexes are described.16:21 These include the
upper abdominal, lower abdominal, cremas-
teric, plantar, gluteal, and anal reflexes.

Pathological reflexes normally are not pres-
ent. The presence of a pathological reflex is a
sign that there might be a lesion in either the
upper or the lower motor neuron.!6-21 An upper
motor neuron lesion may be present if the path-
ological reflex is present bilaterally.2! A lesion
of the lower motor neuron may be indicated
by the unilateral presence of the pathological
reflex.2l Assessment of pathological reflexes
can involve stoking, squeezing, tapping, or
pinching of various anatomical structures to
elicit a response. Perhaps the best-known path-
ological reflex is the Babinski reflex.

The athletic trainer must consider the
source of any altered neurological test findings.
Neurological test findings can be altered due to
nerve root compression, nerve root stretch, or
motor neuron lesion. The examiner should use
the neurological test findings to further dif-
ferentiate the source of the patient’s symptoms.

Grade 0 Absent: no reflex elicited

Grade 1 Diminished: reflex elicited with
reinforcement (precontracting
muscle)

Grade 2 Normal

Grade 3 Exaggerated: hyperresponsive
reflex

Grade 4 Clonus: spasm-like response
followed by relaxation

In addition, the information gained from the
neurological assessment might dictate the need
for further medical evaluation or diagnostic
testing.

Functional Performance Testing

Functional performance testing, which is
discussed in detail in Chapter 16, is an impor-
tant component of the evaluation process, espe-
cially during the follow-up evaluations to track
the patient’s progress and their potential to
return to previous activities. In sports medi-
cine, functional performance testing typically
involves observing the patient perform various
functional movement patterns.28 It is impor-
tant that the functional assessment reflect the
type of stresses that the patient will experi-
ence during normal activities (ie, the assess-
ment should be sport specific). Examples of
sport-specific movement factors the athletic
trainer should consider in designing a func-
tional performance testing protocol include
explosive movement, multi-joint coordination,
neuromuscular control, fatigue, and repeated
motions.28 Functional performance testing for
an offensive lineman who has sustained a knee
injury, for instance, may include observing
the patient rapidly get in and out of a 3-point
stance, perform blocking drills and side-shuf-
fle maneuvers, and perform plant and pivot
maneuvers on the injured limb.

The athletic trainer should make note of any
pain or discomfort experienced by the patient.
Functional performance testing should not
only be performed after injury has occurred.
The athletic trainer might perform a battery of
functional tests on the uninjured patient during



preparticipation examinations to establish
baselines for comparison during the rehabilita-
tion process should injury occur. Comparison
of post-injury scores to preinjury baseline mea-
sures can help the athletic trainer determine
whether the patient is ready to return to activ-
ity. An objective criterion might be set—for
example, that the patient be able to perform at
90% to 95% of his or her preinjury levels before
he or she will be allowed to perform functional
activities or return to play.

Functional Screening Tests

Functional screening tests may be per-
formed as part of the preparticipation physical
examination to identify individuals that may
be at risk for injury. There is little scientific
research on what the athletic trainer should
focus on during injury risk screening. However,
knowledge of basic biomechanics and anatomy
can help the athletic trainer identify movement
patterns that put stress and strain on tissue,
hence increasing risk of injury.

Traditionally the clinician has used an
assessment model based on anatomy that iden-
tifies a structure that generates anatomic pain
that exhibits signs and symptoms that are
consistent with a specific diagnosis. The trend
is to shift toward a newer model that focuses
more on a kinesiologic assessment rather than
an anatomic assessment. This new paradigm
identifies characteristic movement impair-
ments within the human movement system
and suggests how to treat these movement-
related impairments and not just the structural
abnormalities.®

When the athlete is at greater risk of injury,
he or she can devise an injury prevention train-
ing program to address the cause of the inef-
ficient movements. By incorporating training
in injury prevention, the athletic trainer may be
able to reduce the incidence of injury. This has
been demonstrated in several research studies
looking at the incidence of lower extremity
injury, specifically anterior cruciate ligament
(ACL) injury.>14,31

Several clinicians$910,23.25 have developed
functional evaluation screening protocols that
give more attention to functional movement
deficits, which may limit performance and pre-
dispose the individual to injury.® The Overhead
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and Single-Leg Squat tests,3 the Functional
Movement Screen,>611 the Landing Error
Scoring System,2> and the Tuck Jump Test23
are 4 examples of functional screening tests
that are evidence-based. All of these functional
screening tests have limited predictive capac-
ity, however, they have high levels of inter- and
intra-rater reliability and thus they should be
implemented to help identify clinically rectifi-
able movement compensations and limitations
in neuromuscular control.13.36

In general, these protocols involve the
individual performing a dynamic movement
pattern in a controlled manner. The athletic
trainer then observes the individual’s move-
ment pattern at each of the involved joints. By
noting inefficient movement patterns, the ath-
letic trainer may be able to identify preexisting
muscle imbalances that alter the normal force-
couple relationships, postural alignment, joint
kinematics, and neuromuscular control.6

OVERHEAD AND SINGLE-LEG SQUAT TESTS

The Overhead and Single-Leg Squat tests
were developed by Clarks to identify movement
impairments, determine the underlying causes,
and then use this information to direct treat-
ment. In the overhead squat the patient performs
a squat maneuver while extending the arms
above his or her head (Figure 3-10). In the single-
leg squat, with the hands on the hips the patient
squats on one leg to a comfortable level and
returns to the standing position (Figure 3-11).

Essentially, the athletic trainer observes
whether the subject can maintain a neutral
alignment of limb segments while performing a
dynamic movement. The athletic trainer looks
for compensation patterns at the foot, knee, hip,
lumbar spine, and shoulder.

If the patient’s limb segment moves out of
neutral alignment, this may be due to muscle
tightness or weakness. Muscle tightness may
be present in the muscles in the direction of
limb motion. Excessively tight muscles are
believed to pull the limb into the direction
of tightness, away from neutral alignment.
Muscle inhibition or weakness might also be
present in the muscles acting in the opposite
direction of limb motion. Weak and inhibited
muscles are believed to be unable to generate
the magnitude of force necessary to maintain
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A

[V

Figure 3-10. Overhead squat. (A) Anterior view. (B) Lateral view. (C) Posterior view.

Figure 3-11. Single-leg squat.
(A) Starting position. (B) Finish A
position.

B

neutral alignment. Both situations cause altered
joint kinematics that can place greater stress on
the surrounding tissues and push these tissues
closer to their point of failure during repeated
movements. Tables 3-8 and 3-9 identify the

compensation patterns that the patient may
exhibit when performing the overhead squat
and the single-leg squat and the recommenda-
tions relative to how the athletic trainer should
interpret those findings.



Table 3-8 Overhead Squat
Compensation Patterns
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Table 3-9 Single-Leg Squat
Compensation Patterns

Compensations at

Compensations at

Foot and Ankle

Foot pronation: Y/ N
Externally rotation: Y /N

Foot and Ankle

Foot pronation: Y/ N
Externally rotation: Y /N

Knees

Valgus collapse: Y /N
Varus:Y /N

Knees

Valgus collapse: Y /N
Varus:Y /N

Lumbo-Pelvic-Hip Complex
Asymmetrical weight shift: Y / N
Lumbar lordosis: Y / N
Hip adduction: Y /N
Hip internal rotation: Y / N

What to Do With Findings

Foot Pronation and External Rotation

Tightness: Soleus, lateral gastrocnemius,
biceps femoris, peroneals, piriformis

Knee Valgus and Internal Rotation

Tightness: Gastrocnemius/soleus,
adductors, IT band

Weakness: Gluteus medius

Lumbar Lordosis

Tightness: Erector spinae and psoas

Weakness: Transverse abdominis, internal
obliques

Hip Adduction

Tightness: Hip adductors
Weakness: Gluteus medius

Lumbo-Pelvic-Hip Complex
Lumbar lordosis: Y / N
Lateral trunk flexion: Y / N
Trunk rotation: Y /N
Hip adduction: Y /N
Hip internal rotation: Y /N

What to Do With Findings

Foot Pronation and External Rotation

Tightness: Soleus, lateral gastrocnemius,
biceps femoris, peroneals, piriformis

Knee Valgus and Internal Rotation

Tightness: Gastrocnemius/soleus,
adductors, IT band

Weakness: Gluteus medius, adductors, IT band

Lumbar Lordosis

Tightness: Erector spinae and psoas

Weakness: Transverse abdominis, internal
obliques

Lateral Trunk Flexion

Weakness: Core musculature

Hip Internal Rotation

Weakness: Gluteus maximus, hip external
rotators

LANDING ERROR SCORING SYSTEM

The Landing Error Scoring System (LESS)
was developed by Padua?5 to identify individu-
als at high risk for ACL injury. The test involves
a jump-landing task incorporating vertical and
horizontal movements as the patient jumps from
a 30-cm high box to a distance of 50% of his or
her height away from the box, and immediately
rebounds for a maximal vertical jump on land-
ing (Figure 3-12). The LESS score is simply a
count of landing technique “errors” on a range
of readily observable items of human movement.

Trunk Rotation

Weakness: Core musculature

Hip Adduction

Tightness: Hip adductors
Weakness: Gluteus medius

Hip Internal Rotation

Weakness: Gluteus maximus, hip external
rotators

The landing technique is analyzed from both
a side view and a frontal view by the athletic
trainer. There are 17 scored items in the LESS
(Table 3-10). A higher LESS score indicates poor
technique in landing from a jump, a lower LESS
score indicates better jump-landing technique.
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Figure 3-12. Landing
Error Scoring System
(LESS).

Table 3-10 Landing Technique “Errors”

Sagittal (Side) View Score

Hip flexion angle at contact—hips are flexed Yes=0, No=1

Trunk flexion angle at contact—trunk in front of hips Yes=0, No=1

Knee flexion angle at contact—greater than 30 degrees Yes=0, No=1

Ankle plantar flexion angle at contact—toe to heel Yes=0, No=1

Hip flexion at max knee flexion angle—greater than at contact Yes=0, No=1
Trunk flexion at max knee flexion—trunk in front of the hips Yes=0, No=1
Knee flexion displacement—greater than 30 degrees Yes=0, No=1

Sagittal plane joint displacement large motion (soft) =0, Average =1, Small motion (loud/stiff) =2

Coronal (Frontal) View Score

Lateral (side) trunk flexion at contact—trunk is flexed Yes=0, No=1

Knee valgus angle at contact—knees over the midfoot Yes=0, No=1

Knee valgus displacement—knees inside of large toe Yes=1, No=0

Foot position at contact—toes pointing out greater than 30 degrees Yes=1, No=0
Foot position at contact—toes pointing out less than 30 degrees Yes=1, No=0
Stance width at contact—Iless than shoulder width Yes=1, No=0

Stance width at contact—greater than shoulder width Yes=1, No=0

Initial foot contact—symmetric Yes=0, No=1

Overall impression Excellent=0, Average=1, Poor=2

TOTAL SCORE




Figure 3-13. Tuck Jump Test.

Recent evidence provides support for the
LESS as a predictive tool. Padua and DiStefano
have demonstrated that the LESS has high
sensitivity (86%) and specificity (64%) when
used to identify youth soccer players who are
at risk for sustaining ACL injuries.26 Cameron
has shown that higher scores on the LESS are
associated with increased odds of sustaining a
lower extremity stress fracture.3

Tuck Jump TEesT

Like the LESS, the Tuck Jump Test developed
by Myer23 may be useful to the clinician for the
identification of lower extremity landing tech-
nique flaws during a plyometric activity that
may cause ACL injury. In this test, the subject
performs repeated tuck jumps for 10 seconds,
which allows the clinician to visually grade the
outlined criteria (Figure 3-13). The subjects’
technique is subjectively rated as either having
an apparent deficit or not. Six common mis-
takes are identified that clinicians should aim
to correct for their athletes while they perform
the tuck jump exercise (Table 3-11). The defi-
cits are tallied for the final assessment score.
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Table 3-11 Tuck Jump Test
Technique Flaws

Tuck Jump Assessment

Pre Mid Post

Knee and Thigh Motion

Knee valgus at landing

Thighs not parallel at
peak

Thighs not equal side-
to-side during flight

Foot Position During Landing

Feet not shoulder-
width apart

Feet not parallel on
landing

Foot contact timing
not equal

Total

Patients who demonstrate 6 or more flawed
techniques should be targeted for further tech-
nique training.

FUNCTIONAL MOVEMENT SCREEN

The Functional Movement Screen (FMY)
was developed by Cook%10:15 to bridge the
gap between preparticipation exams and per-
formance testing by examining individuals
performing fundamental movement patterns.
It is not intended as a diagnostic tool that will
direct patient treatment. The FMS consists of 7
fundamental movement patterns that require a
balance of stability and mobility including the
(1) deep squat, (2) hurdle step, (3) in-line lunge,
(4) shoulder mobility test, (5) active straight-leg
raise, (6) trunk stability pushup, and (7) rotary
stability test (Figure 3-14). The FMS is scored
on an ordinal scale, with 4 possible scores rang-
ing from 0 to 3 (Table 3-12). The maximum
score on the FMS is 21.

DOCUMENTING FINDINGS

Often overlooked in the rehabilitation pro-
cess is the fact that good record keeping is
essential to the rehabilitation program’s suc-
cess. The examiner must be able to refer back
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Figure 3-14. (A)
Functional Movement
Screen:  Overhead
Squat.

Start

Finish

Figure 3-14. (B) Functional
Movement Screen: Hurdle Step.

Finish

to previous evaluation records to determine
the patient’s progress and make the appropriate
adjustments to the rehabilitation plan.

SOAP Notes

The records of the evaluation process should
be recorded in SOAP (Subjective, Objective,
Assessment, Plan) note format (Figure 3-15).

e S (Subjective): This component of the
SOAP note includes relevant information
gathered during the subjective phase of the

evaluation when taking the patient’s his-
tory. This information might include the
patient’s general impression, site of injury,
mechanism of injury, previous injuries,
and symptoms.1?

O (Objective): The objective component of
the SOAP note includes relevant informa-
tion gathered during the objective phase of
the evaluation. The athletic trainer should
record only the significant signs and
symptoms revealed during the objective
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Start Finish

Figure 3-14. (C) Functional Movement
Screen: In-line Lunge.

Finish

Figure 3-14. (D) Functional Movement Screen: Active Straight-leg Raise Test.

Finish

evaluation. An asterisk may be placed by
information of particular importance.
This often helps the athletic trainer readily
find such information during subsequent
reevaluations to assess patient progress.19

Figure 3-14. (E) Functional Movement Screen: Trunk Stability Test.

e A (Assessment): Assessment of the injury

is the athletic trainer’s professional judg-
ment regarding the impression and nature
of injury. Although the athletic trainer may
be unable to determine the exact nature
of the injury, information pertaining to
the suspected site and pathological tissues
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Finish

Start

Alternate Start

Alternate Finish

Figure 3-14. (F) Functional Movement Screen: Rotary Stability Test and Alternative Position.

Table 3-12 Functional Movement
Screen Scoring

Functional Movement Screen Test

Right Left Score*

Overhead deep
squat

Trunk stability
push-up

Hurdle step

In-line lunge

Shoulder mobility

Active straight-leg
raise

Rotary stability

Figure 3-14. (G) Functional Movement Screen: Shoulder
Mobility Test.

involved is appropriate. In addition, a judg-
ment of injury severity may be included.2”

e P (Plan): The treatment plan should include
the initial first aid performed and the ath-
letic trainer’s intentions relative to disposi-
tion.16 Disposition may include referral
for more definitive evaluation or simply
application of splint, wrap, or crutches and
a request to report for reevaluation the
following day. Formulating the treatment

Total Score/21

*Scoring
Performs pattern correctly without compensation=3
Completes pattern with some compensation=2

Unable to complete pattern=1

Pain at any time when performing movement=0

plan is the final step of the SOAP note. The
plan for treatment should include short-
and long-term goals for the patient.19:27
Short- and long-term goals should be objec-
tive and include timelines. This will allow
the athletic trainer to judge the success
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Patient Name

Date of Injury

Injury Site R L_
Subjective Findings (history):

Assessment (clinical impression):

Objective Findings (observation/inspection, palpation, range of motion, strength, & special tests):

Plan (treatment administered, disposition, rehabilitation goals, treatment plan):

Today's Date

Figure 3-15. Form for creating a SOAP note.

of the rehabilitation program and make
any needed adjustments after determining
whether the patient was able to meet the
goals.

The athletic trainer should attempt to make
all information recorded as quantitative as
possible.l This will allow the athletic trainer
to better monitor the patient’s progress dur-
ing rehabilitation and make the adjustments
and progressions to treatment accordingly, as
indicated by reevaluation and comparison with
previous evaluation notes.

Setting Rehabilitation Goals

Great attention should be made when devel-
oping the short- and long-term goals as these
will be key factors in developing the actual
rehabilitation program, as the exercises and
modalities used during rehabilitation selected
should be based on these goals. Rehabilitation
goals should be included as part of the treat-
ment plan in the SOAP note. The rehabilitation
goals should be based upon the information
gathered during the evaluation and should
address signs and symptoms recorded in the
SOAP note.l9 For every significant sign and
symptom listed in the SOAP note, the examiner
should develop a corresponding goal. Typically,
the duration of short-term goals is 2 weeks.!9:27
Following the evaluation or reevaluation, the
examiner should consider what goals could
reasonably be achieved within this time frame.
Long-term goals are the final goals the patient
should achieve to be ready to return to normal
activities.19

A different set of short- and long-term goals
will be developed for each injured patient
depending upon the findings from the injury
evaluation. For example, a soccer player pre-
senting with a knee injury may have restricted
knee flexion and extension ROM, decreased
knee extension strength, and significant knee
joint swelling. The short-term goals for this
case may be to increase ROM by a specific
amount (eg, increase by 10 degrees), improve
knee extension strength by a specific amount
(eg, increase by 10 Ibs), and reduce swelling
by a specific amount (eg, decrease by 1 inch
during girth measurement) within a specified
period (typically 1 to 2 weeks for short-term
goals). Thus, short-term goals should provide
an immediate, achievable target that the ath-
letic trainer can use to evaluate the success of
his or her rehabilitation program. The long-
term goal for this patient may be to play soccer
without limitations after 8 weeks. Long-term
goals help the patient understand what he or
she can expect to achieve during the course of
the rehabilitation process. The patient should
be encouraged to achieve each short-term goal,
and the athletic trainer should closely moni-
tor the patient’s progress. Understand that the
goals may change over time depending upon
how the patient progresses with the rehabilita-
tion program.

The following are examples of short- and
long-term goals that may be included for a
grade 2 inversion ankle sprain.
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Clinical Decision-Making Exercise 3-6

You perform an injury evaluation on a soccer
patient. After completing the injury evaluation,
you determine the following information from the
objective phase:
o Active ROM for knee extension limited by
10 degrees
o Passive ROM for knee flexion limited by
20 degrees
o Presence of swelling and discoloration over
anterior thigh
o Decreased quadriceps strength compared to
uninjured side
Based on these findings, how would you write up
the treatment goals for this injured patient?

SHORT-TERM GOALS
e Decrease swelling by 30% within 4 days
e Increase active ROM by 50% within 1 week

e Progress to full weightbearing during
walking gait within 1 week

e Reduce acute pain by 50% within 4 days

e Increase eversion ankle strength by 50%
in 4 days

e Increase plantar flexion ankle strength by
50% in 4 days

LoNG-TERM GOALS

e Return to limited practice using protective
tape support within 2 weeks

e Return to full practice using protective
tape support within 2.5 weeks

e Return to full competition using protective
taping within 3 weeks

Progress Evaluations

The athletic trainer who is overseeing a
rehabilitation program must constantly moni-
tor the progress of the patient toward full
recovery throughout the rehabilitative process.
In many instances the athletic trainer will be
able to treat the injured patient on a daily basis.
This close supervision gives the athletic trainer
the luxury of being able to continuously adjust
or adapt the treatment program based on the
progress made by the patient on a day-to-day
basis.

The progress evaluation should be based on
the athletic trainer’s knowledge of exactly what
is occurring in the healing process at any given
time.!® The timelines of injury healing dictate
how the athletic trainer should progress the
rehabilitation program. The athletic trainer
must understand that little can be done in
rehabilitation to speed up the healing process
and that progression will be limited by the con-
straints of that process.

Progress evaluations will be more limited
in scope than the detailed evaluation sequence
previously described.?” The off-field evaluation
should be thorough and comprehensive, taking
time to systematically rule out information that
is not pertinent to the present injury. Once the
extraneous information has been eliminated,
the subsequent progress evaluations can focus
specifically on how the injury appears today
compared with yesterday. Is the patient better
or worse as a result of the treatment program
rendered on the previous day?

To ensure that the progress evaluation will
be complete, it is still necessary to go through
certain aspects of history, observation, palpa-
tion, and special testing.

History

e How is the pain today, compared to
yesterday?

e Is the patient able to move better and with
less pain?

e Does the patient feel that the treatment
done yesterday helped or made him sorer?
Observation

e How is the swelling today? More or less
than yesterday?

o Is the patient able to move better today?

o Is the patient still guarding and protecting
the injury?

e How is the patient’s attitude—upbeat and
optimistic, or depressed and negative?

Palpation

e Does the swelling have a different consis-
tency today, and has the swelling pattern
changed?



e Is the injured structure still as tender to
touch?

e Is there any deformity present today that
was not as obvious yesterday?

Special Tests

e Does ligamentous stress testing cause as
much pain, or has assessment of the grade
of instability changed?

e How does a manual muscle test compare
with yesterday?

e Has either active or passive ROM changed?

e Does accessory movement appear to be
limited?

e Can the patient perform a specific func-
tional test better today than yesterday?

Progress Notes

Progress notes should be routinely written
following progress evaluations done through-
out the course of the rehabilitation program.2”
Progress notes can follow the SOAP format
outlined earlier in this chapter. They can be
generated in the form of an expanded treat-
ment note, or may be done as a weekly sum-
mary. Information in the progress note should
concentrate on the types of treatment received
and the patient’s response to that treatment,
progress made toward the short-term goals
established in the SOAP note, changes in the
previous treatment plan and goals, and the
course of treatment over the next several days.

SUMMARY

1. The components of the systematic differen-
tial evaluation process are split into subjec-
tive and objective phases. The subjective
phase involves a detailed patient history.
The objective phase includes observation/
inspection of the injured patient, ROM
testing, resistive strength testing, assess-
ment of muscle imbalances, performance
of special tests based on previous find-
ings, neurological testing, and functional
testing.

2. The systematic injury evaluation process
establishes the foundation for designing
an effective rehabilitation program. All
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significant findings from the systematic
differential evaluation will be used to iden-
tify the pathological tissues as well as any
related deficiencies in the surrounding tis-
sues. The rehabilitation plan and treatment
goals will then focus on reestablishing nor-
mal function to the tissues and structures
revealed to be pathological or deficient.

3. By applying knowledge of anatomy and
the systematic differential evaluation pro-
cess, the athletic trainer should be able to
determine what tissue is pathological. This
is accomplished by differentiating between
normal tissue (asymptomatic) and pro-
voked tissue (symptomatic).

4. Injury risk screenings may be performed
to determine whether the individual uses
movement patterns during functional
activities that may place greater stress on
the surrounding tissues. By identifying
such movement patterns in the early stages,
the athletic trainer may be able to incor-
porate preventative training exercises to
reduce the risk of injury at a later time.

Short-term and long-term goals should be
based on the significant findings from the sys-
tematic differential evaluation. All significant
findings should have a corresponding reha-
bilitation goal. All goals should be quantifiable
and have a given time period in which they
should be achieved. Typically, short-term goals
are those that can be achieved within a 2-week
period. Long-terms goals are the final goals that
the patient should achieve to be ready to return
to normal activities.
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SOLUTIONS TO CLINICAL
DECISION-MAKING
EXERCISES

Exercise 3-1. The athletic trainer should
perform special tests on only those tissues he
or she suspects to be pathological based on the
findings from the previous evaluation phases.
The special tests should be used to confirm pre-
vious findings and eliminate other tissues from
being involved. Given the patient’s history,
the athletic trainer might suspect meniscal or
articular cartilage damage and perform special
tests that focus on these structures.

Exercise 3-2. It is important to understand
that altered postural alignment can be caused
by muscle force imbalances. Muscles crossing
the body segment may be excessively tight or
weak, causing an altered postural alignment.
The athletic trainer should pay special attention
to those muscles that may alter postural align-
ment due to tightness or weakness during ROM
and resistive strength testing. For example,
the patient might demonstrate tight/overac-
tive hip flexor and erector spinae muscles or
weak/inhibited abdominal and gluteus maxi-
mus muscles.

Exercise 3-3. Cyriax states that pain in the
same direction of motion during active ROM,
combined with pain in the opposite direction
of motion during passive ROM, is indicative of
contractile tissue injury. Based on these find-
ings, the athletic trainer may suspect injury to
the hamstring muscle group.

Exercise 3-4. Always consider the potential
causes for reduced ROM based upon your find-
ings. Because normal arthrokinematic motion
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was altered, the athletic trainer will need to
address this during rehabilitation. Joint mobi-
lization techniques may be performed in addi-
tion to traditional stretching exercises to regain
normal ROM. Failure to address all possible
causes (altered arthrokinematics) will result in
an ineffective rehabilitation plan. Long-term
goals may include:

e Return to soccer practice in 2 weeks

e Return to full soccer participation in 2.5
weeks

Exercise 3-5. The findings from midrange
of motion muscle testing should be used to help
determine which muscles to test during specific
muscle testing. The athletic trainer should per-
form specific muscle testing for all muscles that
assist with the symptomatic movement pattern
tested. Given that the patient demonstrated
pain and weakness during hip extension, the
athletic trainer should perform specific muscle
tests on the gluteus maximus and hamstring
muscles.

Exercise 3-6. Rehabilitation goals should be
based upon the evaluation findings. Each sig-
nificant finding should have a corresponding
rehabilitation goal. The athletic trainer should
include both short-term and long-term goals.
Short-term goals may include:

e Decrease swelling by 25% in 3 days

e Increase knee extension active ROM by
50% in 1 week

e Increase knee flexion passive ROM by 50%
in 1 week

e Increase quadriceps strength by 30% in 1
week

Please see videos on the accompanying website at
www.healio.com/books/sportsmedvideos7e






CHAPTER 4 >

Psychosocial Considerations
for Rehabilitation of the
Injured Athletic Patient

Monna Arvinen-Barrow, PhD, CPsychol, AFBPsS, UPV Sert
Megan Granquist, PhD, ATC

Prentice WE, ed.
-03- Rehabilitation Techniques for Sports Medicine and Athletic Training, Seventh Edition (pp 93-116).
© 2020 SLACK Incorporated.




94 Chapter 4

The current and most evidence-based prac-
tice indicates that adopting a holistic, patient-
centered biopsychosocial approach to injury
rehabilitation and recovery should be the
gold-standard.”37 A biopsychosocial approach
appreciates and addresses biological (eg, nutri-
tion, tissue repair, immune functioning), psy-
chological (eg, personality, cognition, affect,
behavior), and social (eg, life stress, social
support, rehabilitation environment) factors
related to injury and its subsequent rehabili-
tation.34 This chapter aims to focus on the
psychosocial factors related to the rehabilita-
tion of the injured athletic patient. We set the
foundation of this chapter by introducing the
reader to the relevant theoretical frameworks
developed to explain the psychosocial pro-
cess of sport injury occurrence, rehabilitation,
and return-to-participation. This is followed
by an introduction to prominent psychosocial
responses to musculoskeletal and concussion
injury, and how to assess them with a specific
focus on rehabilitation adherence. Next, the
chapter introduces specific psychosocial strate-
gies that are appropriate for athletic trainers to
use during rehabilitation. Finally, the chapter
highlights the importance of psychosocial and
mental health referral, and outlines the steps
needed to make an appropriate referral.

BIOPSYCHOSOCIAL MODELS
OF INJURY OCCURRENCE,
REHABILITATION, AND
RETURN TO PARTICIPATION

Similar to selecting physical rehabilitation
techniques and treatment modalities for injured
athletic patients, the selection and implemen-
tation of psychosocial strategies should be
grounded in appropriate psychosocial theory
and empirical evidence. What follows is a brief
description of existing theoretical frameworks
developed to explain the psychosocial processes
associated with athletic injury; namely, the
model of stress and athletic injury,!5> the inte-
grated model of psychological response to sport
injury and rehabilitation,1>2 the biopsychoso-
cial model of sport injury rehabilitation,34 and
the integrated model of psychological response
to sport concussion injury and rehabilitation

Table 4-1 Examples of Stressors
Likely to Influence an Unwanted
Stress Response

Major and Minor Life Stress Events

Death of a family member
Injury

Death of a close friend
Playing for a new coach
Playing on a new team
Personal achievements
Change in living situation
Social readjustments
Change to a new school

Change in social activities

process.153 This section will also introduce
the reader to 3 phases of rehabilitation2 and
self-determination theory.5¢ These theoretical
conceptualizations will help the athletic trainer
to better understand potential biopsychosocial
factors that may have contributed to injury
occurrence, as well as its subsequent rehabilita-
tion and return-to-participation process.

The Model of Stress and Athletic
Injury

Originally developed in 19882 and revised a
decade later,155 the model of stress and athletic
injury is seen as the foundation for psychoso-
cial injury theory and research.# The model
assumes that risk of athletic injury is amplified
as a result of an unwanted psychophysiological
response to a potential stressful situation. This
stress response consists of 2 interdependent
parts: (1) an individual’s cognitive appraisals
(eg, interpretations) of the potentially stressful
external situation, its demands, consequenc-
es, and available resources; and (2) potential
physiological changes to the body such as shifts
in attentional focus and muscle tension. The
model also assumes that a number of ante-
cedents (eg, personality, history of stressors
(Table 4-1), and coping resources) can influ-
ence the stress response both negatively and
positively, and that a range of cognitive-affec-
tive-behavioral interventions (eg, cognitive
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restructuring, thought stopping, relaxation
strategies, and autogenic training) can be ben-
eficial in alleviating both psychological and
physical stress responses. The central hypoth-
esis of the model states that individuals with
personality characteristics that tend to inten-
sify the stress response, who have a history of
stressors, and who do not possess appropriate
coping sKkills, will appraise a stressful situation
as more intense, and consequently experience
greater physiological activation and attentional
disruptions compared to those with the oppo-
site characteristics; thus, leading to a greater
risk for injury.13>

Although empirical evidence in support of
the model of stress and athletic injury is some-
what limited, its core remains uncontested. A
recent meta-analysis provided support for the
role of stress response as a mediator between
history of stressors and actual injury occur-
rences.87 It was also found that stress-response
and history of stressors have the strongest asso-
ciations with injury incidences,8” meaning that
athletes who experience a range of major and
minor life stressors are more likely to appraise
their athletic situation as stressful, which in
turn leads to increased likelihood of encoun-
tering an injury.46 Only 7 studies to date have
explored the effectiveness of cognitive-affec-
tive-behavioral interventions on the reduction
of stress response, all of which showed decreas-
es in injury occurrence.8”

The Integrated Model of
Psychological Response to Sport
Injury and Rehabilitation

The most prominent psychosocial theoreti-
cal model to date, the integrated model of psy-
chological response to sport injury and rehabil-
itation (from now on, referred to as the integrat-
ed model),!52 incorporates the model of stress
and athletic injury in its conceptualization. The
integrated model is based on the premise that
any preinjury factors, which may have contrib-
uted to the injury occurrence, will continue to
influence subsequent post injury responses.152
The model assumes that following an injury,
the injury itself becomes a stressor, resulting
in a number of cognitive appraisals, emo-
tional, and behavioral responses interacting in

a bidirectional manner, ultimately affecting the
overall psychosocial and physical rehabilita-
tion and return-to-participation outcomes.!52
Known as the dynamic core, these thoughts,
emotions, and behaviors are also influenced by
a number of personal and situational factors,
such as characteristics of injury, and a range of
psychological, physical, social, environmental,
and activity specific factors.

The integrated model is regarded as the
most comprehensive theoretical model explain-
ing the psychosocial process of injury occur-
rence, rehabilitation, and to return-to-partic-
ipation.!49 It has ample empirical support for
its components (for more details see),37151 and
has been used extensively by sport psychology
researchers and practitioners alike.> Recently,
it has been adapted to conceptualize the psy-
chological process of concussion injuries.!>3
However, the model has also been critiqued
for not incorporating the biological aspects of
injuries, 150 a gap which was addressed in the
biopsychosocial model of injury rehabilitation
few years later.34

Clinical Decision-Making Exercise 4-1

Julie is a lacrosse player at a Division I school play-
ing in the starting lineup as a sophomore. She had
played her entire high school years without injury,
so having a severe ankle sprain at the end of this
season was a shock. Julie is not accustomed to
having the normal activities of daily living take so
much time, and she feels she never has time to go
to the athletic training room for her rehabilitation.
What can the athletic trainer do to help Julie alter
her schedule to include time for rehabilitation?

The Biopsychosocial Model of
Sport Injury Rehabilitation

One of the core tenets of the biopsychosocial
model of sport injury rehabilitation (from now
on, referred to as the biopsychosocial model)34
is to demonstrate interrelated, bidirectional
relationships between biological, psychological,
and social/contextual factors. These biologi-
cal, psychological, and social/contextual factors
are influenced by injury characteristics and
a range of sociodemographic factors, and the
model assumes that they also influence both
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Figure 4-1. The integrated model maintains that
following an injury, emotional and behavioral responses
interact, affecting the overall psychosocial and physical
rehabilitation and return-to-participation outcomes.

intermediate (eg, range of motion, pain) and
overall rehabilitation outcomes (eg, functional
performance, quality of life). Novel addition to
this conceptualization is also the bidirectional
relationship between intermediate rehabilita-
tion outcomes and psychological factors, a rela-
tionship not explicitly recognized in the other
psychosocial sport injury models.

Although the model fails to explain the
details of the cyclical interaction between
thoughts, emotions, and behaviors to the extent
that the integrated model does,> the biopsycho-
social model is an appealing model to use as
a framework for practitioners and researchers
alike. In particular, the model can be useful
for designing and evaluating injury rehabilita-
tion interventions that incorporate physical,
psychological, and social/contextual factors as
variables,16 as well as making sense of how
these factors interact during injury.26 Similar
to the integrated model, ample support for the
different components of the biopsychosocial
model exist (for more details see),37 however,
due to its complexity, research investigating the
model in its entirety is limited.

The Integrated Model of
Psychological Response to
Sport Concussion Injury and
Rehabilitation Process

The integrated model of psychological

response to sport concussion injury and reha-
bilitation process (from now on, referred to as

the concussion model)153 uses the original inte-
grated model!>2 as its foundation, but incor-
porates range of neurobiological, psychogenic,
and pathophysiological causes/responses to the
original conceptualization. More specifically,
the model highlights that presence of existing
personality factors (eg, ADHD, learning dis-
abilities), history of stressors (eg, PTSD), coping
resources (eg, coping style, social support), and
interventions (eg, concussion education) can
influence stress response that potentially leads
to sport concussion injury occurrence. These
pre-concussion factors, along with a number of
other personal and situational factors, are pro-
posed to influence a range of neurobiological,
psychogenic, and pathophysiological causes of
concussion. These will, in turn, influence the
bidirectional cyclical cycle of cognitive, affec-
tive, and behavioral symptoms and responses
to concussion. The model also proposes that
incorporating an appropriate interprofessional
post-concussion psychological care can be used
to influence the cognitive-affective-behavioral
symptoms and responses to concussion, all of
which can influence the overall psychological
outcomes of concussion (Figure 4-1).153

The concussion model’s conceptualizations
are strongly grounded in existing empirical evi-
dence,153 albeit, much of the literature has not
explicitly named the model as its framework.
It can be, however, a very useful framework
for practitioners to conceptualize the range of
psychological symptoms and responses to a
concussion injury, identify appropriate psycho-
logical interventions needed to address, such
symptoms and responses, and determine which
professionals should be involved in a holistic,
interprofessional concussion care.”8

Clinical Decision-Making Exercise 4-2 ‘

Joe is a 20-year-old junior at a Division I school
where he has played football for 3 years. He was
recently diagnosed with concussion, but is having
cognitive and affective symptoms such as inability
to concentrate in class, irritability, and low mood.
Joe is downplaying these symptoms and often tells
his athletic trainer: “even though they affect my
daily life, they are no big deal, I can live through
them.” What can you, as the athletic trainer do to
help Joe understand the severity of his symptoms
and if not addressed appropriately, the possible
consequences of his actions?



Psychosocial Considerations for Rehabilitation of the Injured Athletic Patient 97

Table 4-2 Example Strategies to Facilitate Injured
Athletic Patient’s Sense of Self-Determination

Autonomy Competence Relatedness

Patient education Patient education Social support

Goal setting with the patient Goal setting with the patient Communication

Creating variety in Self-talk Keeping athletes connected
rehabilitation exercises with their teammates

Three Phases of Rehabilitation

To best understand and guide the psycho-
social injury rehabilitation, it is also helpful
to consider the psychosocial rehabilitation in
a phase-like manner to optimize recovery.92
The 3 phases of rehabilitation92 is a concep-
tual framework aimed to help practitioners
better understand how psychosocial responses
to injuries may manifest itself during different
phases of rehabilitation. These phases are: (1)
reaction to injury, (2) reaction to rehabilita-
tion, and (3) reaction to return to (sport) par-
ticipation. In each phase, an athletic patient
will make cognitive appraisals of the demands,
available resources, and consequences related
to the situation, and depending on the apprais-
als, will experience recovery facilitating or
recovery debilitating emotional and behavioral
responses.

Thus far, empirical evidence is limited, but
what exists strongly supports the phase-like
approach to psychosocial rehabilitation. Two
recent studies, both using qualitative, induc-
tive approaches, found that the psychosocial
responses to musculoskeletal injuries did
indeed evolve in a cyclical manner and varied
depending on the phase of the injury.45127 As
a rule of thumb, athletic trainers should con-
sider athletes” potential psychosocial responses
every time they expect the athlete to engage
in new behaviors related to a new phase of
physical rehabilitation. With each new expected
behavior comes a new cognitive appraisal of the
situation and its demands, available resources,
and consequences, which in turn results in new
emotional and behavioral responses.

Self-Determination Theory

Although not injury specific, the self-deter-
mination theory>® is an important theory for

athletic trainers to consider, particularly in
relation to fostering athletic patients’ readi-
ness to return to participation. The self-deter-
mination theory (SDT) is a theory of human
motivation and personality, which proposes 3
innate psychological needs as the foundation
for intrinsic self-motivation: sense of autonomy,
sense of competence, and sense of relatedness.
The model proposes that by fulfilling these
needs, conditions that “facilitate natural pro-
pensities for growth and integration and as
well as for constructive social development and
personal well-being” are created.!2?

In the context of sport injury rehabilitation,
promoting athletic patients’ sense of autonomy,
competence, and relatedness have been found
to be beneficial (Table 4-2). For example, sense
of competence and relatedness factors have
been found to be important among adolescent
athletes’ return to sport.120 In a similar manner,
among Australian, Canadian, and English elite/
subelite athletes, having intrinsic motivations
for returning to competition have been associ-
ated with a positive renewed perspective on
sport participation.40.117.118

PSYCHOSOCIAL RESPONSES
TO INJURIES

As demonstrated in the above models, a
number of factors can influence injury occur-
rence, rehabilitation, and return-to-participa-
tion, resulting in each injury experience being
unique to the individual in question. At the
core of the models presented lies the notion
that individual responses are cyclical in nature,
and that this cycle typically starts before inju-
ry occurrence, and continues throughout the
rehabilitation, return to participation, and
beyond.>15L152 The theoretical models, and
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the empirical evidence in support of them,
also highlight that injuries do have psycho-
social antecedents and consequences, which
influence, and are influenced by, the physical
characteristics of the injury itself. As such, to
ensure successful return to sport and reducing
the risk of reinjury, identifying and assessing
psychosocial responses to injuries becomes an
important part of athletic trainers’ work with
athletic patients. In the sections that follow, a
range of psychosocial responses to both muscu-
loskeletal and concussion injury are introduced
to the reader.

Psychosocial Responses to
Musculoskeletal Injury

Thus far, a significant body of research
exists exploring psychosocial responses to mus-
culoskeletal injury.3” What follows is a brief
summary of the most commonly identified
psychosocial responses as they relate to the
injured athletic patients’ thoughts, emotions,
and behaviors.

Cognitive Appraisals

Typically defined as a process by which
potentially stressful events are evaluated for
meaning and significance to individual well-
being,?8 cognitive appraisals are an integral
part of psychosocial responses to injury and
play a significant role in different phases of
injury. Consistent with the theoretical mod-
els presented above2:152:155 upon encountering
an injury, the injured athletic patient typi-
cally makes a primary cognitive appraisal of
the injury and its implications. According to
Brewer and Redmond,37 such primary apprais-
als generally fall under 3 main categories: irrel-
evant (ie, this is no big deal), benign-positive
(ie, I was in need of a rest anyway), or stressful
(ie, this could not have happened at a worse
time).

If the injured athletic patient appraises their
injury as stressful, then the cognitive appraisal
related to the injury is typically either that of
harm/loss (ie, I cannot believe this happened to
me), a threat (ie, this will put my career in jeop-
ardy), or a challenge (ie, I have been through
worse, I can rise from this t00).37 Typically,
the primary appraisals will lead to secondary

appraisals, where the injured athletic patient
will make sense of what he or she can do to
manage his or her injury situation. Lastly, these
secondary appraisals will also be followed by
potential reappraisals—where, upon receiving
new information (eg, confirmed diagnosis),
the injured athletic patient will reevaluate his
or her initial appraisals in light of the new
evidence.37:98

The content of these cognitive apprais-
als vary greatly, depending on the individual
in question. Some of the common responses
include attributions related to the cause of inju-
ry, perceptions of the injury itself and its related
pain, flashbacks related to the injury occur-
rence, perceived benefits of injury, self-identity,
self-confidence, self-efficacy related thoughts,
and a range of cognitive coping strategies (for
more details, see).37 Equally, these cognitive
appraisals can be related to the expectations of
the care received, as well as the competency of
the athletic trainer.8:10:48 What is known is that
injured athletic patients will make a range of
primary, secondary, and reappraisals through-
out the rehabilitation in a cyclical manner,45:127
with typically each new rehabilitation situation
(be it stressful or not) eliciting new cognitive
appraisals, subsequently influencing emotional
and behavioral responses.

Emotional Responses

Defined as “the a reaction to a particular
intrapsychic feeling or feelings, accompanied
by physiological changes that may or may
not be outwardly manifested but that moti-
vate or precipitate some action or behavioral
response,”109 emotional (affective) responses
are an area of psychosocial responses to mus-
culoskeletal injuries that has generated the
most research to date.3” Studied extensively
from the injured athletic patients’ perspec-

tive and the sport medicine professionals’
perspectivel4,47,68-71,81,83,85,96,1,3,31,39,55,63-

66,88,99,102,104,114,122,126,136,144,148worldwide, it
is known that injured athletic patients will
experience emotional responses to their inju-
ries throughout the different phases of reha-
bilitation, which can vary greatly depending
on a range of personal and situational factors
(Table 4-3).
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Table 4-3 Examples of Typical Emotional Responses at
Different Phases of Rehabilitation

Behavioral Responses

In the context of musculoskeletal sport
injury rehabilitation, behavioral responses can
be defined as actions an athletic patient dis-
plays during reactions to injury, rehabilitation,
and return-to-participation phases that can
either facilitate or hinder successful healing
and recovery. Consistent with the theoretical
models to date, these behaviors can include, but
are not limited to: adherence to rehabilitation,
use of psychosocial strategies, use or disuse of
social support, range of risk taking behaviors,
malingering, effort and intensity, and behav-
ioral coping.152 In addition, other behavioral
responses, such as the use of ergonomic aides,33
regular sleep,%® and nutrition,21,60.143 are all
behaviors that can influence overall rehabilita-
tion and recovery outcomes.

REHABILITATION ADHERENCE

Of all the behavioral responses to injuries,
one particularly relevant to athletic trainers is

rehabilitation adherence. Defined as the “extent
to which an individual completes behaviors
as part of a treatment regimen designed to
facilitate recovery from injury,”’? rehabilita-
tion adherence has been identified as necessary
for a full and timely recovery (for a review,
see Brewer).32 For example, sport medicine
professionals worldwide perceive adherence as
a key psychosocial characteristic determining
between unsuccessful and successful coping
with injury rehabilitation.14:47.81,83,96 While
the dose-response relationship between reha-
bilitation adherence and recovery outcomes
needs additional study,”® a general consensus
exists in support of adherence being instru-
mental in ensuring successful rehabilitation
outcomes.25.30,35,38,54,58,61,67,72,97,107,115,116,132
Where rehabilitation adherence is seen as a
behavior that can facilitate a successful rehabil-
itation process and positive recovery outcomes,
rehabilitation non-adherence can be risky, or
at times, harmful.72 In general, rehabilitation
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Table 4-4 Examples of Adherence-Related Behaviors

Under-Adherence Adherence

Over-Adherence

Poor/tardy attendance at

rehabilitation sessions on time

Completing too few exercise
repetitions

Applying ice too infrequently

Arriving at rehabilitation sessions

Attending rehabilitation sessions

Following athletic trainers’
instructions for amount of
exercise repetitions

Completing activities with effort

Not complying with activity
restrictions (eg, walking
without crutches when
crutches are advised)

Completing too many exercise
repetitions

Completing exercises too
frequently

non-adherence includes both under-adherence
(ie, doing less than is prescribed in the rehabili-
tation program) and over-adherence (ie, doing
more than is prescribed in the rehabilitation
program; Table 4-4).73

While a plethora of research has focused
on rehabilitation under-adherence,30 rehabili-
tation over-adherence is a newer concept in
the literature’3:119 and has, therefore, received
less attention. However, it is important for
athletic trainers to recognize that both under-
adherence and over-adherence may be related
to overall rehabilitation outcomes, and may be
influenced individually by different factors.

Psychosocial Responses to
Concussion Injury

When it comes to psychosocial responses to
concussion injury, much research to date has
identified somewhat similar responses to that
of musculoskeletal injury.124 While most of the
concussion related research has focused on the
neurological signs and symptoms of concus-
sion, a substantial body of literature has also
highlighted cognitive appraisals, emotional and
behavioral responses as pertinent and typical
following a concussion injury.

Cognitive Appraisals

Similar to musculoskeletal injury, the injured
athletic patient typically makes a primary cog-
nitive appraisal of the concussion injury and
its implications. These primary appraisals are
generally followed by secondary appraisals and
potential re-appraisals, where, upon receiv-
ing new information (eg, confirmed diagno-
sis, emergence of new symptoms), the injured

athletic patient will reevaluate his or her initial
appraisals in light of the new evidence.37:98

When it comes to concussion injury, how-
ever, the initial appraisals often include content
that appears to downplay the injury severity and
its subsequent symptoms. Given that concus-
sion injury is commonly known as the “invis-
ible injury,”®> and is often casually referred to as
a “knock to the head” in media and in various
sport cultures,? “talking down” concussion is
not surprising. It is known that many athletes
who encounter concussion choose not to report
their symptoms, or choose to downplay symp-
toms due to not wanting to let their teammates
and coaches down, or to be removed from
the field of play.93:105 Other typical appraisals
include those related to the cause of concussion
(ie, was the injury unavoidable, or within his or
her own control), the traumatic nature of the
injury occurrence, and a range of appraisals
focused on how to cope with the injury and its
symptoms.

Since concussion injuries are typically caused
by a direct impact to the head, neck, or face, or a
force that reverberates in the head,3” many of the
causes and symptoms of concussion are neuro-
biological, psychogenic, and pathophysiological
in nature. The cognitive responses and symp-
toms of concussion typically extend beyond
the content of the thought, as injured athletic
patients have reported decreases in their quality
of cognitive performance.3” Existing research
has documented impairments in attentional
focus, memory, speed of cognitive processing,
and reaction time.3” Similarly, recent systematic
review of the literature also found an association
between concussion and attention deficit hyper-
activity disorder as a symptom of concussion.!24
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Emotional Responses

Typical emotional responses to concussion
injury are also similar to those experienced
with musculoskeletal injury. A recent compre-
hensive systematic review, exploring an asso-
ciation between concussion and mental health
outcomes among elite athletes, found that most
studies included in the review reported depres-
sion as the most common emotional response/
symptom of concussion.!24 They also found a
relationship between concussion and anxiety,
although this was not as commonly reported
an outcome as depression.!24 Other emotional
responses to look for include changes in injured
athletic patients’ general mood states (ie, anger,
confusion, depression, fatigue, tension, and
vigor).103.104 Tt js also important for athletic
trainers to monitor any possible atypical, pas-
sive emotional coping strategies across the
different phases of concussion rehabilitation,
to be able to facilitate appropriate referral when
necessary, and to ensure comprehensive patient
care.

Behavioral Responses

Behaviorally, a concussed athletic patient
may exhibit a range of responses. Consistent
with the theoretical models and empirical
evidence to date, these can include but are
not limited to; sleep-wake disturbances, poor
social functioning, social isolation, commu-
nication difficulties, behavioral disinhibition,
avoidant coping, aggression and verbal out-

burst, illness behavior, substance abuse, and
suicide.77.106,124,134,153

PSYCHOSOCIAL ASSESSMENT
DURING INJURY
REHABILITATION

To ensure patient-centered holistic care, it
is imperative to assess the injured athletic
patient’s psychosocial responses to injury and
rehabilitation.}2 According to Arvinen-Barrow
et al,!2 the following should be considered when
planning to use psychosocial assessments with
injured athletic patients:

1. The injured athletic patient’s overall health
and well-being should be central in deter-
mining assessment needs.

2. The person administering and interpret-
ing the assessment should be qualified to
do so. It is imperative for athletic trainers
to note that most psychological assess-
ments related to personality and mental
health require clinical training or licen-
sure. In other words, assessing most cogni-
tive appraisals and emotional responses are
beyond the scope of practice for athletic
trainers, thus highlighting the need for
interprofessional care.

3. If an athlete displays any signs of psycho-
pathology, it is important to ensure appro-
priate referral practices are in place.

4. To ensure athletic patients are not over-
assessed during injury rehabilitation,
awareness of any physical assessments
taking place concurrently with psycho-
social assessments should be of primary
importance.

Assessing Rehabilitation
Adherence

Taking the above into consideration, one
psychosocial response athletic trainers should
be focused on assessing is rehabilitation adher-
ence. As noted above, sport medicine pro-
fessionals worldwide perceive adherence as a
key psychosocial characteristic determining
between unsuccessful and successful coping
with injury rehabilitation.14:47:81,83.96 Tn par-
ticular, athletic trainers may wish to measure
patients’ adherence, as tracking it may serve to
motivate the patient, as well as give the patient
concrete examples of rehabilitation behaviors
they should and should not be engaging in dur-
ing rehabilitation.

The most widely-used measure of adherence
is the Sport Injury Rehabilitation Adherence
Scale.3® The Sport Injury Rehabilitation
Adherence Scale (SIRAS) is a brief, user-friend-
ly measure that contains three items where
the athletic trainer rates the injured athletic
patients’ behaviors in relation to the following:
(a) intensity of rehabilitation completion, (b)
frequency of following rehabilitation instruc-
tions and advice, and (c) receptivity to changes
within the rehabilitation program. The SIRAS
can also be adapted to a self-report measure
for the injured athletic patient, which may also



102 Chapter 4

Table 4-5 Useful Sources for Concussion Management

https://www.cdc.gov/headsup/policy

https://bjsm.bmj.com/content/51/11/838

Sport Concussion

Centers for Disease Control and Prevention: Sports Concussion Policies and Laws

Consensus Statement on Concussion in Sport—the 5th International Conference on
Concussion in Sport Held in Berlin, October 2016

National Collegiate Athletics Association Sport Science Institute: Concussion
http://www.ncaa.org/sport-science-institute/concussion

National Athletic Trainers’ Association Position Statement: Management of

https://www.nata.org/sites/default/files/concussion_management_position_statement.pdf

serve as a means to build patient awareness
of positive rehabilitation behaviors and thus,
enhance their rehabilitation adherence.

Specific to athletic training, the
Rehabilitation Adherence Measure for
Athletic Training7 can also be a useful tool for
athletic trainers. The Rehabilitation Adherence
Measure for Athletic Training (RAdAMAT) con-
tains 16 items across 3 subscales: attendance/
participation, communication, and attitude/
effort. Although longer than the SIRAS, the
RAAMAT can be helpful in guiding athletic
trainers’ work with injured athletic patients, as
it separates specific adherence related behav-
iors (participation, communication, effort),
thus providing specific feedback on where the
potential issues in adherence are occuring.

In addition to the rehabilitation adherence
measures introduced above, the Rehabilitation
Over-Adherence Questionnaire!l9 can also be
beneficial when working with athletic patients
who are not complying with their rehabilita-
tion as instructed. The Rehabilitation Over-
Adherence Questionnaire (ROAQ) contains 10
items across 2 subscales: Ignore practitioner
recommendations and attempt an expedited
rehabilitation.

For further details on psychosocial assess-
ment for musculoskeletall2 and concussion50
injury, and a list of valid and reliable assessment
tools, please see a recent text on assessment in
applied sport psychology by Taylor.138

PSYCHOSOCIAL STRATEGIES

Consistent with the existing theoretical con-
ceptualizations,34152,153,155 to ensure success-
ful physical and psychosocial injury rehabilita-
tion outcomes, injury treatment plans should
incorporate psychosocial strategies as part of
the treatment plan. Existing evidence has iden-
tified a number of psychosocial strategies as
beneficial during injury rehabilitation, includ-
ing but not limited to: goal setting, imagery,
patient education, relaxation strategies, self-
talk, social support and stress-management (for
more details, see core texts such as).19.20,37.75
When implemented appropriately to address a
particular psychosocial concern, the above psy-
chosocial strategies can be effective in control-
ling, modifying, and alleviating maladaptive
cognitive appraisals, emotional, and behav-
ioral responses to injury, rehabilitation, and
return-to-participation.

To ensure safe, ethical, and practitioner
competent care, selecting appropriate psycho-
social strategies may be a challenge for ath-
letic trainers.>2 Most athletic trainers have not
received extensive training in rehabilitation
psychology or the use of psychosocial strategies
in their work with athletic patients, and as such,
feel underprepared and untrained to implement
such strategies in their work.43:47:156,157 What
follows is an introduction of 4 psychosocial
strategies that athletic trainers can and should
use in their work with injured athletic patients
to ensure patient-centered, holistic care: goal
setting, patient education, self-talk, and social
support.
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Goal Setting

Defined as a “dynamic process of systematic
pursuit of the attainment of a specific standard
of proficiency on a task, usually within a speci-
fied time limit,”100 goal setting is a psychosocial
strategy than can provide athletic patients a
direction and plan of action for their rehabilita-
tion. Goal setting is perhaps the most common-
ly used,® and frequently researched, psychoso-
cial strategy in rehabilitation, and it has been
found to have a direct influence on athletic
patients’ rehabilitation related behaviors, cog-
nitive appraisals, and emotional responses.13 It
is also an important psychosocial strategy for
athletic trainers to use with athletic patients,
given that the Commission on Accreditation
of Athletic Training Education!!! 2020 core
competencies expect athletic trainers to be
prepared to consider the patient’s goals when
developing their care plan (Commission on
Accreditation of Athletic Training Education
[CAATE], Standard).6?

Setting goals during rehabilitation can
facilitate injured athletic patient’s physical and
psychological healing,2786 resulting in faster
recovery.”” When used as a motivational strat-
egy to assist injured athletic patients in main-
taining control over their situation (ie, sense
of autonomy>%),73 goal setting has also shown
both to predict!32 and improve®! injured ath-
letic patients’ rehabilitation adherence. Thus
far, a number of recommendations on how to
set goals with injured athletic patients exist in
the literature. While differences in such rec-
ommendations exists, they all call for the goal
setting process to be collaborative in nature
(Figure 4-2). Heil82 proposed 9 key points for
effective goals and goal setting:

1. Goals should be specific and measurable

2. Use positive rather than negative language
when setting goals

3. Be challenging but realistic in setting goals
4. Have a timetable for goal completion

5. Integrate short-, medium-, and long-term
goals

6. Link outcome goals to process goals
7. Involve internalized goals

8. Involve monitoring and evaluating goals

Figure 4-2. Athletic trainer guiding the athletic patient in
completing a goal setting worksheet.

9. Link sport goals to life goals

In a similar way, Arvinen-Barrow and
Hemmings!3 proposed that the goal setting
process should be composed of 4 intercon-
nected steps:

1. Assess and identify injured athletic
patients’ personal and physical needs that
are pertinent for successful rehabilitation
and recovery

2. Identify and set appropriate physical, psy-
chological, performance, and lifestyle goals

3. Consider factors that may influence the
goal setting effectiveness

4. Follow a step-by-step program!3? to inte-
grate goal setting to rehabilitation

Patient Education

Patient education is generally defined as a
structured learning experience which influ-
ences patient knowledge and health behav-
iors,24 and typically involves the athletic trainer
providing information and correcting misin-
formation in relation to pertinent aspects of
the injured athletic patient’s injury, rehabilita-
tion, and return-to-participation (Figure 4-3).
Effective patient education is one of the key
components of successful injury rehabilita-
tion,130 as well as one of the top aspects that
injured athletic patients want their athletic
trainers to address.128

By providing effective patient education,
athletic trainers can influence their injured
athletic patients’ psychosocial responses in a
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Figure 4-3. Athletic trainer using an anatomical model to
educate the athletic patient.

number of ways. First and foremost, patient
education provides the athlete knowledge,
which, in of itself, is an effective way to influ-
ence one’s cognitive appraisals, emotional and
behavioral responses.44 Patient education is
also linked to effective communication, and has
been found to build trust and rapport between
the patient and athletic trainer, both of which
are key components of a successful rehabilita-
tion environment.20 Effective patient education
has been linked with increases in adherence
(ie, a behavioral response) and decreases in
anxiety (ie, an emotional response),!28 as well
as increased motivation and determination (ie,
cognitive appraisals resulting in behavioral
response),!54 and increases in athletic patients’
sense of self-efficacy (ie, a cognitive apprais-
al),133 and overall rehabilitation outcomes.101

Given that patient education and effective
communication are also expectations of ath-
letic trainers’ educational preparation (CAATE,
Standards 58 and 59),!11 patient education
should be an ongoing process that begins at
the reactions to injury phase and continues
throughout the phases of rehabilitation and
return-to-participation. For patient education
to be successful, athletic trainers should con-
sider the following:7>

1. Patient education can incorporate multiple
senses. These can include but are not lim-
ited to: sight, sound, touch, pressure, tem-
perature, pain, muscle tension, propriocep-
tion, and equilibrioception.

2. Patient education should be two-way com-
munication. This includes active listen-
ing on part of the athletic trainer. The
patient should also be provided an oppor-
tunity, and be encouraged to, ask questions
throughout the rehabilitation process.

3. Use of anatomical models and diagrams
can be easily incorporated into the patient
education process and can bolster a
patient’s understanding.

4. Equally, use of valid and reliable smart-
phone applications and other technology
can be beneficial with certain injured ath-
letic patient demographics.

5. When presenting information to the
patient, the athletic trainer should keep in
mind that any educational material should
be broken into manageable pieces for the
patient and presented in an understandable
language.

6. Any and all written material should
accompany verbal and/or kinesthetic
instructions.

7. When working with concussed injured ath-
letic patients, the provision of education is
specifically highlighted as important.78:153

Self-Talk

Essentially a type of cognitive appraisal, self-
talk is typically defined as “what people say to
themselves either out loud or as a small voice
inside their head.”4! Given the significant role
of cognitive appraisals in affecting both emo-
tional and behavioral responses to injuries, as
well as the overall physical and psychosocial
rehabilitation outcomes,34:152,153 encouraging
positive self-talk is one of the key psychosocial
strategies athletic trainers can use with their
athletic patients. When injured, it is not unusu-
al for an athletic patient to engage in negative
conversations with themselves.#>79 Tt is also
known that, if left unaddressed, these negative
and self-deprecating conversations can have a
significant impact on how the athletic patient
copes with his or her injuries.447.81 While
negative self-talk has been found to influence
individuals’ willingness to adhere to their reha-
bilitation program,*! positive self-talk has been
found to be significantly related to increases
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Table 4-6 Examples of Negative and Positive Self-Talk Statements

Negative Self-Talk

Positive Self-Talk

“I will never get better.”
“l am afraid | will injure my knee again.”
“l cannot focus no matter how hard | try.”

“My range of motion has improved by 10 degrees
already.”

“Knees over toes when squatting.”
“Focus on one repetition at the time.”

in rehabilitation adherencel32 and the injured
athletic patient’s sense of competence®¢ during
rehabilitation.

Within their educational competencies,!10
athletic trainers are qualified to encourage
athletic patients to use self-talk in a number of
ways. First, they can educate the athletic patient
about the negative effects of self-deprecating
statements on his or her rehabilitation pro-
cess and outcomes. Second, they can increase
the athletic patient’s awareness of the negative
self-talk he or she may be using during reha-
bilitation activities. Third, athletic trainers can
help the injured athletic patient to change his
or her negative self-talk into something more
functional, by focusing on a specific aspect of
the rehabilitation activities (Table 4-6). Lastly,
athletic trainers can also encourage positive
self-talk by ensuring their own feedback/praise
to the injured athletic patients is framed in an
appropriate manner, and by cultivating such
culture in the athletic training facility. Simple
posters and quotes around the rehabilitation
area may also serve as a reminder for positive
self-talk, such as “think positive,” “one step at
the time,” “control the controllables,” and so on.

Clinical Decision-Making Exercise 4-3 ’

Christine is a 15-year-old junior-level diver who
has been competing since she was 9 years old. She
has had chronic back pain and muscle spasms for
3 months. For several weeks she has been mak-
ing negative statements: “No divers I know have
ever been able to dive once back pain starts.”
“Rehabilitation never works for back pain.” How
can the athletic trainer help Christine rephrase
her self-talk?

Social Support

Defined as “a form of interpersonal con-
nectedness which encourages the constructive
expression of feelings, provides reassurance in
times of doubt, and leads to improved commu-
nication and understanding,”$2 social support
is one of the most rigorously researched psy-
chosocial strategies.!42 It is known that injured
athletic patients (with musculoskeletal or con-
cussion injuries) rely heavily on their family,
friends, teammates, athletic trainers, coaches,
and physicians for social support.>3

According to the literature, social support
can help injured athletic patients by mediating
the stress-health link, suggesting that those who
perceive themselves as having social support are
more likely to cope well with stressful events,
such as an injury.13! Indeed, research has found
social support as beneficial during all 3 phases
of rehabilitation,2845,62,69,80,89-91,123,140,145-147
as well as while coping with career-ending
injuries.11.15.22,137 ‘When an athletic patient
perceives that he or she is receiving the right
amount of the right type of social support from
the right sources and uses this support dur-
ing rehabilitation (ie, a behavioral response),
this will facilitate the athletic patient’s sense
of relatedness®® (ie, a cognitive appraisal) and
decreased anxiety (ie, an emotional response)
post-injury.>3

Since social support is best provided by a
network of people, and to ensure injured ath-
letic patients use social support during injury
rehabilitation, it should be something that is
on-going even before injuries, and not merely
a reaction to a stressful situation or a crisis.!8
However, when it comes to social support dur-
ing injury, athletic trainers have a dual role in
this process. First, athletic trainers themselves
can be an important source of social support to
the injured athletic patients. Existing research
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has identified athletic trainers to be in an
ideal position to provide their injured athletic
patients emotional, technical, informational,
tangible, and motivational support.1$ Second,
athletic trainers can identify any potential
gaps in injured athletic patients’ existing social
support networks and help identify potential
sources of social support. Existing research
has identified family and friends,!745 team-
mates and coaches,?3:2951 and other injured
athletic patient support groups*® as an impor-
tant source of social support. Such support
groups can be facilitated either face-to-face
or online. While support groups can be initi-
ated by the athletic trainer, we encourage the
athletic trainer to seek assistance from his
or her interprofessional team or counseling
center to facilitate this strategy. For a detailed
explanation on forming support groups, see
work on “performance enhancement groups”
by Clement, Shannon, and Connole.4®

Thus far, existing research has confirmed
that sport related injuries, be it musculoskeletal
or concussion injuries, are typically biopsy-
chosocial in nature.l2! It is known that sport
injuries can have biological and psychosocial
antecedents to the injury occurrence,155 and
that typical responses to injuries are also bio-
psychosocial in nature.34 The section above
highlighted key psychosocial strategies that
athletic trainers can competently use with their
athletic patients as part of their routine care.
These psychosocial strategies, when used effec-
tively, should result in positive rehabilitation
outcomes facilitating psychosocial health and
well-being, however, when such is not the case,
it is usually a sign that the athletic patient is in
need of a psychosocial and/or mental health
referral.

PSYCHOSOCIAL AND MENTAL
HEALTH REFERRAL

In alignment with coordinating the patient’s
plan of care, athletic trainers are expected to
work with other health care professionals on a
regular basis. As such, it is not surprising that
as part of routine patient care, athletic trainers
are accustomed to referring patients to other
health care professionals, such as physicians
or orthopedic surgeons for physical issues,

so making a referral is not necessarily a new
concept. Indeed, many athletic trainers already
work as part of a multidisciplinary team42 and
recognize their own central role in the process.®

When it comes to psychosocial and mental
health issues, athletic trainers are uniquely
positioned to identify and refer patients to
appropriate professionals.3” Existing athletic
training and sport psychology literature has
identified that this is due to trust and rapport
that often exists between the athletic trainer
and his or her injured athletic patient. In addi-
tion, current athletic training competencies!10
state that athletic trainers should also be able
to identify, give support to, and refer injured
athletic patients with psychosocial and mental
health concerns to appropriate professionals
when deemed necessary. These mental health
concerns include but are not limited to: suicidal
ideation, depression, anxiety disorder, psycho-
sis, mania, eating disorders, and attention defi-
cit disorders.110

However, despite their ideal position and
expectation of such competencies, many ath-
letic trainers report low competence and confi-
dence in their own skills in discussing, address-
ing, and referring athletes to appropriate pro-
fessionals.43:52 This is somewhat problematic,
as the presence of mental health issues exists,
regardless of athletic patient population demo-
graphics. For example, elite athletes have a
comparable risk for depression and anxiety as
the general population.125 It is also known that
risk for mental health concerns may increase
during times of stress, such as during injury,
and it has also been noted that risk of suicide
can be amplified as a result of serious sport
injury.135

To ensure holistic, provide-competent, and
patient-centered care, athletic trainers should
familiarize themselves with the National
Athletic Trainers’ Association working group’s
inter-association recommendations for rec-
ognizing and referring student-athletes with
psychological concerns. In particular, those
practicing at the high schooll!3 and collegiate
levels!12 should ensure they have appropriate
referral networks in place that are reflective
of the composition of their current practice
settings.
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Table 4-7 Potential Referral Resources and/or Mental Health
Professionals Based on the Rehabilitation Setting

athletic departments.

Setting Example Mental Health Professionals Available in the Setting
High school School nurse, school counselor/psychologist
College Licensed counselor, social worker, licensed clinical psychologist, psychiatrist

typically working as part of the university’s counseling or health care center.
Some also employ Certified Mental Performance Consultants within the

Semi-professional
and professional

Licensed clinical psychologist with a dual credential as a Certified Mental
Performance Consultant (CMPC), psychiatrist

sports
Clinic Medical doctor and/or range of additional mental health professionals in
referral network
Hospital Licensed counselor, social worker, licensed clinical psychologist, psychiatrist
Industrial Licensed counselor, social worker, licensed clinical psychologist, psychiatrist as
part of the health/medical center and/or counseling services.
Referral Networks

To ensure optimal athletic patient outcomes,
athletic trainers should work as part of an
interprofessional care team in a multi-, inter-,
or transdisciplinary manner.”-84 Regardless of
the context and composition of the health care
team, to ensure appropriate psychosocial and
mental health care, setting up referral net-
works and establishing rapport with mental
health professionals is an important first step
(Table 4-7).

It is also important for athletic trainers to
understand the correct occupational titles for
all the professionals working within their set-
ting and as part of the wider referral network.
Brewer and Redmond37 also advocate that
athletic trainers should acquaint themselves
with mental health professionals within their
geographical location, and should familiarize
themselves with details related to their scope
of practice, population(s) served, location and
services hours, rates and methods of payment,
including insurance options, and therapeutic
approaches and theoretical orientations. It is
good practice for athletic trainers to create their
own referral network table consisting of the
information listed above (Table 4-8).

Need for Psychosocial and Mental
Health Referral

As a rule of thumb, when an athletic trainer
is appropriately educating their patients, setting
goals, encouraging self-talk, and providing social
support, and the injured athletic patient does not
seem to improve psychosocially as anticipated, in
such cases it is usually advisable for athletic train-
ers to make a referral to a qualified mental health
professional.

The Referral Process

Athletic trainers should view referral as a
process, instead of a singular event. Effective
referral should be positive experience for the
patient, with a goal to achieve positive out-
comes. Ensuring a positive experience is impor-
tant, as it is known that previous positive expe-
riences facilitate future use of mental health
services,108 while negative experiences may
deter patients from seeking mental health ser-
vices in the future.

When making a psychosocial or mental
health referral, athletic trainers should work
in collaboration with the wider members of
their interprofessional health care team. The
referral process should use pre-determined and
mutually agreed upon mental health screen-
ing tools, such as those recommended by the
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Table 4-8 An Example of a Referral Network Guide

National Collegiate Athletics Association
Mental Health Best Practices (http://www.ncaa.
org/sites/default/files/HS_Mental-Health-Best-
Practices_20160317.pdf), inter-association con-
sensus documents,!12 or the Sport Medicine
Injury Checklist.82 This, when completed by
the athletic patient during their initial reha-
bilitation intake, coupled with a preventative
referral process discussed below, may also serve
to reduce the negative stigma surrounding psy-
chosocial and mental health issues.

According to Brewer and colleagues,36 effec-
tive referral process includes 5 interconnected
phases: assessment, consultation, trial interven-
tion, referral, and follow-up. What follows, is a
brief step-by-step description of these phases,
incorporating some key issues to consider when
making a referral.

Assessment

The initial assessment should include infor-
mation gathered from the patient’s self-report
formal and informal assessments, other’s obser-
vations and reports, and from the athletic train-
er’s own direct observations and assessments of
the injured athletic patient.”6

Consultation

Athletic trainers may often feel that they are
alone in making a decision on injured athletic
patient mental health referral. However, this
should not be the case. Having existing mental
health networks in place prior to the need to
make a referral, athletic trainers can engage
in informal consultations with mental health
professionals regarding the specific injured ath-
letic patient. Such consultations should be part
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of normal interprofessional practice, and when
used effectively, they can provide athletic train-
ers the required support in aspects of mental
health and referral for which they do not have
the competency. Such consultations can then
lead to, based on the mental health profession-
al’s recommendations, a continued assessment,
a trial intervention, or to an immediate referral.

Trial Intervention

A trial intervention can occur following an
initial consultation with a mental health pro-
fessional, where, based on initial assessment, it
has been determined that an immediate mental
health referral is warranted. In such cases, the
athletic trainer implements mutually agreed
upon psychosocial strategies (as discussed ear-
lier in this chapter) that are within his or her
professional competencies and appropriate for
the injured athletic patients psychosocial and
mental health needs. Depending on the out-
come of the implemented interventions, the
next step in the process is to make a formal
mental health referral.

Referral

Typically, referrals are made for 2 main rea-
sons.3” Planned proactive referrals are made
when the athletic patient wants to learn and
build existing and new mental skills (eg, arousal
regulation, stress management, and imagery) in
the absence of an acute mental health concern.
Planned reactive referrals are made when there
is an acute psychosocial and/or mental health
concern, and the athletic trainer is responding
to this concern. It is recommended that athletic
trainers have referral processes in place for both
types of referral reasons. By having a proactive
referral process in place, athletic trainers can
routinely refer their athletic patients, injured or
not, for psychosocial consultation (eg, mental
skills training) and/or for mental health coun-
seling (eg, dealing with life stressors). Having
routine referrals in place can help normalize
psychosocial and mental health services as
being part of sport, and as a consequence, may
assist athletic patients who otherwise would
decline services. Moreover, taking a proactive
approach may also protect against or dimin-
ish psychosocial and mental health issues that
would perhaps arise during rehabilitation.
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In addition to the 2 types of planned refer-
rals discussed above, a psychosocial and/or
mental health referral can also be spontaneous,
whereby, it seems natural in the athletic trainer-
patient interaction to discuss potential referral.
For example, the patient may be sharing with
the athletic trainer that school related stress-
ors are interfering with their ability to sleep,
and this has resulted in changes in his or her
mood. As part of their conversation, an athletic
trainer may bring up an idea of talking with
a mental health professional to identify ways
in which the athlete can manage stress. The
challenge with spontaneous referrals is the dif-
ficulty in determining the appropriate timing
of referral. In particular, athletic trainers need
to evaluate the referral needs while also consid-
ering the severity of symptoms (ie, more severe
symptoms should have a more expedited refer-
ral) and the athletic patient’s existing coping
resources (eg, patient’s personal and situational
characteristics and available social support).
Moreover, the athletic trainer needs to evalu-
ate his or her own competencies as they relate
to psychosocial and mental health concerns,
as well as the relationships between athletic
trainer-patient, athletic trainer-mental health
professional, and the impact of the immedi-
ate environment and situation when making a
spontaneous referral (eg, privacy of rehabilita-
tion environment, patient’s mood).36

When making an actual referral, be it
planned proactive, planned reactive, or spon-
taneous in nature, Brewer and Redmond37 rec-
ommend the athletic trainer to be “honest and
direct” and to “show concern” toward the ath-
letic patient, while also including an example of
patient behaviors that are troublesome.

It is also important to note that when work-
ing with concussed athletic patients, sport relat-
ed concussion symptoms, post-concussion syn-
drome, and clinical mental health concerns (eg,
anxiety, depression) all have overlapping symp-
tomology.”8 Because of this, it is important for
athletic trainers to note that mood disturbances
may be higher in patients with concussion, and
as such, athletic trainers should be aware that
depression and other mood disturbances may
be higher in patients with concussion. Knowing
the neurological complexity of concussions, it
is imperative for athletic trainers to ensure they
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have appropriate psychophysiological referral
networks in place to ensure holistic, patient-
centered care.

Follow-Up

Lastly, regardless of the steps taken during
the referral process, the athletic trainer should
follow-up with the patient, and mental health
professional as appropriate and within confi-
dentiality guidelines.

CONCLUSION

For optimal patient care, the athletic trainer
should adopt a patient-centered, biopsycho-
social approach to injury rehabilitation and
recovery.”>37 In this chapter, we have discussed
the biopsychosocial approach, and a range of
psychosocial factors related to injury and its
subsequent rehabilitation.34 We introduced the
reader to the relevant theoretical frameworks
developed to explain the psychosocial process
of sport injury occurrence, rehabilitation, and
return-to-participation. This was followed by
an introduction to psychosocial responses to
musculoskeletal and concussion injury, and
how to assess them, paying particular attention
to rehabilitation adherence. We also introduced
four key psychosocial interventions athletic
trainers can implement with their injured ath-
letic patients during rehabilitation: goal setting,
patient education, self-talk, and social support.
Finally, the chapter discusses the need for
psychosocial and mental health referral, and
guides the athletic trainer in taking appropriate
steps when making such referral.

SUMMARY

1. Psychosocial processes influence injury
occurrence (see the Model of Stress and
Athletic Injury), rehabilitation (see the
Biopsychosocial Model of Sport Injury
Rehabilitation), and return-to-participa-
tion (see Self-Determination Theory).

2. Injured  athletic  patients experi-
ence psychosocial responses to muscu-
loskeletal (see the Integrated Model of
Psychological Response to Sport Injury
and Rehabilitation) and concussion injury

(see the Integrated Model of Psychological
Response to Sport Concussion Injury and
Rehabilitation Process) during different
phases of rehabilitation.

3. Athletic trainers should understand the
role of psychosocial assessment in injury
rehabilitation.

4. Goal setting, patient education, self-talk,
and social support can be beneficial during
injury rehabilitation.

5. Athletic trainers should ensure they have
a plan for appropriate psychosocial and
mental health referral.

6. Athletic trainers should be able to refer for
psychosocial and mental health issues.
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SOLUTIONS TO CLINICAL
DECISION-MAKING
EXERCISES

Exercise 4-1. Although Julie’s immediate
behavior looks like non-adherence, it is impor-
tant to understand the underlying thoughts,
emotions, and any pertinent pre- and post-inju-
ry factors affecting Julie. The athletic trainer
can use the integrated model to “map” Julie’s
case and through that process identify key
interventions to use with Julie. It appears that
lack of injury experiences and not knowing
what is going on are now affecting Julie’s
thoughts about her readiness to return-to-par-
ticipation and this is making her anxious. By
educating Julie about her injury and what is
happening at the different phases of the rehabil-
itation, and by setting appropriate short-term
goals, the athletic trainer can address Julie’s
doubts effectively.
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Exercise 4-2.Joe and the athletic trainer need
to discuss what Joe’s goals are for the future.
This can then serve as a foundation for patient
education to emphasize to Joe how important it
is for him not to downplay his symptoms. The
athletic trainer can emphasize how addressing
his concussion symptoms appropriately can
help Joe to reach his goals to ensure thier suc-
cessful completion. If it looks like Joe is still
downplaying his symptoms and not adhering to
his concussion protocol, it might be a good idea
to refer Joe to a mental health professional who
specializes in concussed athletes.

Exercise 4-3. Although cognitive refram-
ing is not a psychosocial intervention that all
athletic trainers are adequately trained in, the
athletic trainer can affect Christine’s thinking
in different ways. Since Christine’s negative
self-talk is based on inaccurate perceptions of
her injury, the athletic trainer can use patient
education to help change Christine’s knowledge
on her injury.

Please see videos on the accompanying website at
www.healio.com/books/sportsmedvideos7e
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A dynamic, core stabilization training pro-
gram is routinely incorporated as a component
of all comprehensive functional rehabilitation
programs.11,23,24,31,34,59 For athletes at all lev-
els, core strengthening and stability exercises
have become key components of training and
conditioning programs.l* A core stabilization
program improves dynamic postural control,
ensures appropriate muscular balance, and
affects joint arthrokinematics around the lum-
bo-pelvic-hip complex. A carefully crafted core
stabilization program allows for the expression
of dynamic functional strength and improves
neuromuscular efficiency throughout the entire
kinetic chain.1,12,17,31,32,34,55,65,68-70,94,95 A core
stabilization program can enhance function-
al movement patterns and dynamic postural
control.®

WHAT IS THE CORE?

The core is defined as the lumbo-pelvic-
hip complex.1:3 The core is where our cen-
ter of gravity is located and where all move-
ment begins.36:37.83.84 There are 29 muscles
that have an attachment to the lumbo-pelvic-
hip complex.8:9:31.85 An efficient core allows
for maintenance of the normal length-ten-
sion relationship of functional agonists and
antagonists, which allows for the maintenance
of the normal force-couple relationships in
the lumbo-pelvic-hip complex. Maintaining
the normal length-tension relationships and
force-couple relationships allows for the main-
tenance of optimal arthrokinematics in the
lumbo-pelvic-hip complex during functional
kinetic-chain movements.94:95103 This pro-
vides optimal neuromuscular efficiency in the
entire kinetic chain, allowing for optimal accel-
eration, deceleration, and dynamic stabiliza-
tion of the entire kinetic chain during func-
tional movements. It also provides proximal
stability for efficient lower and upper extremity
movements.1-31,36,37,46,59,83,84,94,95

The core operates as an integrated func-
tional unit, whereby the entire kinetic chain
works synergistically to produce force, reduce
force, and dynamically stabilize against abnor-
mal force.! In an efficient state, each struc-
tural component distributes weight, absorbs
force, and transfers ground reaction forces.!

This integrated, interdependent system needs
to be trained appropriately to allow it to func-
tion efficiently during dynamic kinetic chain
activities.

Core stabilization exercise programs have
been labeled many different terms, some of
which include dynamic lumbar stabilization,
neutral spine control, muscular fusion, and lum-
bo-pelvic stabilization. We use the phrase butt
and gut to educate our patients, colleagues, and
health care students. This catchy phrase illus-
trates the importance of the entire abdominal
and pelvic region working together to provide
functional stability and efficient movement.

CORE STABILIZATION
TRAINING CONCEPTS

Many individuals develop the functional
strength, power, neuromuscular control, and
muscular endurance in specific muscles that
enable them to perform functional activi-
ties.1:31,49.59 However, few people develop the
muscles required for spinal stabilization.46:49,50
The body’s stabilization system has to be func-
tioning optimally to effectively use the strength,
power, neuromuscular control, and muscular
endurance developed in the prime movers. If
the extremity muscles are strong and the core
is weak, then there will not be enough trunk
stabilization created to produce efficient upper
and lower extremity movements. It has been
suggested that a weak core is a fundamental
problem of many inefficient movements that
leads to injury.46-49,50,59 While deficits in vari-
ous aspects of core stability have been identified
as potential risk factors for lower extremity
injuries,30 exercising the trunk muscles is sup-
posed to prevent injuries via protection of the
spinal column.!05 However, while it is gener-
ally accepted that having good core strength
improves athletic performance, a correlation
between trunk muscle strength and perfor-
mance has not been clearly identified in the
research literature.>3,80,86,97

The core musculature is an integral compo-
nent of the protective mechanism that relieves
the spine of deleterious forces inherent dur-
ing functional activities.15105 A core stabili-
zation training program is designed to help
an individual gain strength, neuromuscular



control, power, and muscle endurance of the
lumbo-pelvic-hip complex. However, the focus
of a core stabilization program should not be
primarily on strength, but instead on stability,
balance, and proprioception.2> This approach
facilitates a balanced muscular functioning of
the entire kinetic chain.! Greater neuromus-
cular control and stabilization strength will
offer a more biomechanically efficient position
for the entire kinetic chain, thereby allowing
optimal neuromuscular efficiency throughout
the kinetic chain. It has been shown that core
stability exercise was more effective than gen-
eral exercise for decreasing pain and increasing
back-specific functional status in patients with
low back pain.26

Neuromuscular efficiency is established by
the appropriate combination of postural align-
ment (static/dynamic) and stability strength,
which allows the body to decelerate gravity,
ground reaction forces, and momentum at the
right joint, in the right plane, and at the right
time.13:3458 If the neuromuscular system is
not efficient, it will be unable to respond to
the demands placed on it during functional
activities.] As the efficiency of the neuromus-
cular system decreases, the ability of the kinet-
ic chain to maintain appropriate forces and
dynamic stabilization decreases significant-
ly. This decreased neuromuscular efficiency
leads to compensation and substitution pat-
terns, as well as poor posture during functional
activities.32:9495 Such poor posture leads to
increased mechanical stress on the contractile
and noncontractile tissue, leading to repeti-

tive microtrauma, abnormal biomechanics, and
injury.17»32»66’67

Clinical Decision-Making Exercise 5-1

A gymnast has been experiencing low back pain.
She is otherwise a very fit and healthy athlete. You
suspect that her pain might be disc related. How
might core weakness be contributing to her prob-
lem, and how can core strengthening benefit her?

REVIEW OF FUNCTIONAL
ANATOMY

To fully understand functional core sta-
bilization training and rehabilitation, the
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athletic trainer must fully understand func-
tional anatomy, lumbo-pelvic-hip complex
stabilization mechanisms, and normal force-
couple relationships.4:8:9.85

A review of the key lumbo-pelvic-hip com-
plex musculature will allow the athletic trainer
to understand functional anatomy and thereby
develop a comprehensive kinetic chain rehabili-
tation program. The key lumbar spine muscles
include the transversospinalis group, erector
spinae, quadratus lumborum, and latissimus
dorsi (Figure 5-1B). The key abdominal muscles
include the rectus abdominis, external oblique,
internal oblique, and transversus abdominis
(TA; Figure 5-1A). The key hip musculature
includes the gluteus maximus, gluteus medius,
and psoas (Figure 5-1B).

Transversospinalis Muscle Group

The transversospinalis group includes the
rotatores, interspinales, intertransversarii,
semispinalis, and multifidus. These muscles
are small and have a poor mechanical advan-
tage for contributing to motion.2%85 They con-
tain primarily type I muscle fibers and are
therefore designed mainly for stabilization.2%:85
Researchers8> have found that the transver-
sospinalis muscle group contains 2 to 6 times
the number of muscle spindles found in larger
muscles. Therefore, it has been established
that this group is primarily responsible for
providing the central nervous system with
proprioceptive information.8> This group is
also responsible for inter- or intrasegmental
stabilization and segmental eccentric decelera-
tion of flexion and rotation of the spinal unit
during functional movements.+35 The trans-
versospinalis group is constantly put under a
variety of compressive and tensile forces during
functional movements; consequently, it needs
to be trained adequately to allow dynamic pos-
tural stabilization and optimal neuromuscular
efficiency of the entire kinetic chain.85 The
multifidus is the most important of the trans-
versospinalis muscles. It has the ability to pro-
vide intrasegmental stabilization to the lumbar
spine in all positions.2%104 Wilke and Wolf104
found increased segmental stiffness at L4-L5
with activation of the multifidus. Additional
key back muscles include the erector spinae,
quadratus lumborum, and latissimus dorsi.
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Figure 5-1. Key core muscles. (A) Anterior view. (B) Posterior view.

The erector spinae muscle group functions to
provide dynamic intersegmental stabilization
and eccentric deceleration of trunk flexion and
rotation during kinetic chain activities.8> The
quadratus lumborum muscle functions primar-
ily as a frontal plane stabilizer that works syn-
ergistically with the gluteus medius and tensor
fascia lata. The latissimus dorsi has the largest
moment arm of all back muscles and, therefore,
has the greatest effect on the lumbo-pelvic-hip
complex. The latissimus dorsi is the bridge
between the upper extremity and lumbo-pelvic-
hip complex. Any functional upper extremity
kinetic chain rehabilitation must pay particular
attention to the latissimus and its function on
the lumbo-pelvic-hip complex.85

Abdominal Muscles

The abdominals are composed of 4 muscles:
rectus abdominis, external oblique, internal
oblique, and, most importantly, the TA.85 The
abdominals operate as an integrated functional
unit, which helps maintain optimal spinal kine-
matics.48:985 When working efficiently, the
abdominals offer sagittal, frontal, and trans-
versus plane stabilization by controlling forces
that reach the lumbo-pelvic-hip complex.85
The rectus abdominis eccentrically decelerates
trunk extension and lateral flexion, as well as
providing dynamic stabilization during func-
tional movements. The external obliques work

concentrically to produce contralateral rotation
and ipsilateral lateral flexion, and they work
eccentrically to decelerate trunk extension,
rotation, and lateral flexion during functional
movements.85 The internal oblique works con-
centrically to produce ipsilateral rotation and
lateral flexion and works eccentrically to decel-
erate extension, rotation, and lateral flexion.
The internal oblique attaches to the posterior
layer of the thoracolumbar fascia. Contraction
of the internal oblique creates a lateral ten-
sion force on the thoracolumbar fascia, which
creates intrinsic translational and rotational
stabilization of the spinal unit.3746 The TA is
probably the most important of the abdominal
muscles. The TA functions to increase intra-
abdominal pressure (IAP), provide dynamic
stabilization against rotational and transla-
tional stress in the lumbar spine, and provide
optimal neuromuscular efficiency to the entire
lumbo-pelvic-hip complex.46:49-51,62 Research
demonstrates that the TA works in a feed-
forward mechanism.46 Researchers have dem-
onstrated that contraction of the TA precedes
the initiation of limb movement and all other
abdominal muscles, regardless of the direc-
tion of reactive forces.28:46 Cresswell et al27.28
demonstrated that, like the multifidus, the TA
is active during all trunk movements, suggest-
ing that this muscle has an important role in
dynamic stabilization.4?



Hip Muscles

Key hip muscles include the psoas, gluteus
medius, gluteus maximus, and hamstrings.8%.8>
The psoas produces hip flexion and external
rotation in the open chain position, and pro-
duces hip flexion, lumbar extension, lateral
flexion, and rotation in the closed chain posi-
tion. The psoas eccentrically decelerates hip
extension and internal rotation, as well as trunk
extension, lateral flexion, and rotation. The
psoas works synergistically with the superficial
erector spinae and creates an anterior shear
force at L4-L5.85 The deep erector spinae, mul-
tifidus, and deep abdominal wall (transverses,
internal oblique, and external oblique)80 coun-
teract this force. It is extremely common for
patients to develop tightness in their psoas. A
tight psoas increases the anterior shear force
and compressive force at the L4-L5 junction.85
A tight psoas also causes reciprocal inhibition
of the gluteus maximus, multifidus, deep erec-
tor spinae, internal oblique, and TA. This leads
to extensor mechanism dysfunction during
functional movement patterns.55:65:67.69,70,85,95
Lack of lumbo-pelvic-hip complex stabiliza-
tion prevents appropriate movement sequenc-
ing and leads to synergistic dominance by the
hamstrings and superficial erector spinae dur-
ing hip extension. This complex movement dys-
function also decreases the ability of the gluteus
maximus to decelerate femoral internal rotation
during heel strike, which predisposes an indi-
vidual with a knee ligament injury to abnormal
forces and repetitive microtrauma.15.20,55,69,70

The gluteus medius functions as the primary
frontal plane stabilizer of the pelvis and lower
extremity during functional movements.85
During closed chain movements, the glute-
us medius decelerates femoral adduction and
internal rotation.8> A weak gluteus medius
increases frontal and transversus plane stress at
the patellofemoral and tibiofemoral joints.8> A
weak gluteus medius leads to synergistic domi-
nance of the tensor fasciae latae and quadratus
lumborum.20-5557 This leads to tightness in
the iliotibial band and lumbar spine. This will
affect the normal biomechanics of the lum-
bo-pelvic-hip complex and tibiofemoral joint,
as well as the patellofemoral joint. Research
by Beckman and Buchanan!® demonstrates
decreased electromyogram (EMG) activity of

Establishing Core Stability in Rehabilitation 123
the gluteus medius following an ankle sprain.
Therapists must address the altered hip muscle
recruitment patterns or accept this recruitment
pattern as an injury-adaptive strategy and,
thus, accept the unknown long-term conse-
quences of premature muscle activation and
synergistic dominance.10-32

The gluteus maximus functions concentri-
cally in the open chain to accelerate hip exten-
sion and external rotation. It functions eccen-
trically to decelerate hip flexion and femoral
internal rotation.8> It also functions through
the iliotibial band to decelerate tibial internal
rotation.85 The gluteus maximus is a major
dynamic stabilizer of the sacroiliac (SI) joint. It
has the greatest capacity to provide compressive
forces at the SI joint secondary to its anatomic
attachment at the sacrotuberous ligament.8> It
has been demonstrated by Bullock-Saxton16.17
that the EMG activity of the gluteus maximus
is decreased following an ankle sprain. Lack of
proper gluteus maximus activity during func-
tional activities leads to pelvic instability and
decreased neuromuscular control. This can
eventually lead to the development of mus-
cle imbalances, poor movement patterns, and
injury.

Hamstring Muscles

The hamstrings work concentrically to flex
the knee, extend the hip, and rotate the tibia.
They work eccentrically to decelerate knee
extension, hip flexion, and tibial rotation. The
hamstrings work synergistically with the ante-
rior cruciate ligament.85 All of the muscles
mentioned play an integral role in the kinetic
chain by providing dynamic stabilization and
optimal neuromuscular control of the entire
lumbo-pelvic-hip complex. These muscles have
been reviewed so that the athletic trainer realiz-
es that muscles not only produce force (concen-
tric contractions) in one plane of motion, but
also reduce force (eccentric contractions) and
provide dynamic stabilization in all planes of
movement during functional activities. When
isolated, these muscles do not effectively achieve
stabilization of the lumbo-pelvic-hip complex.
It is the synergistic, interdependent function-
ing of the entire lumbo-pelvic-hip complex that
enhances stability and neuromuscular control
throughout the entire kinetic chain.
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TRANSVERSUS ABDOMINIS
AND MULTIFIDUS ROLE IN
CORE STABILIZATION

Transversus Abdominis

The TA muscle is the deepest of the abdomi-
nal muscles and plays a role in trunk stability.
The horizontal orientation of its fibers has a
limited ability to produce torque to the spine
necessary for flexion or extension movement,
although it has been shown to be an active trunk
rotator.87 The TA is a primary trunk stabilizer
via modulation of IAP, tension through the tho-
racolumbar fascia, and compression of the SI
joints.27,98 For many decades, IAP was believed
to be an important contributor to spinal control
by the pressure within the abdominal cavity
putting force on the diaphragm superiorly and
pelvic floor inferiorly to extend the trunk.”.38.77
It was hypothesized that IAP would provide an
extensor moment and, thus, reduce the muscu-
lar force required by the trunk extensors and
decrease the compressive load on the lumbar
spine.102 Research by Hodges et al*> applied
electrical stimulation to the phrenic nerve of
humans to produce an involuntary increase
in TAP without abdominal or extensor muscle
activity. IAP was increased by the contraction
of the diaphragm, pelvic floor muscles, and TA
with no flexor moment noted. Research has
demonstrated that IAP may directly increase
spinal stiffness.48 Hodges et al4> used a tetanic
contraction of the diaphragm to produce IAP,
which resulted in increased stiffness in the
spine. Bilateral contraction of the TA assists in
IAP, thus enhancing spinal stiffness.

The role of the thoracolumbar fascia in
trunk stability has also been discussed in the
literature, and it has been theorized that the
contraction of the TA could produce an exten-
sor torque via the horizontal pull of the TA via
its extensive attachment into the thoracolum-
bar fascia.3” This theory was tested by Tesh and
Shaw-Dunn!00 by placing tension on the thora-
columbar fascia of cadavers. No approximation
of the spinous processes or trunk extension
movement was noted, although a small amount
of compression on the spine was noted. This
small amount of compression may play a role
in the control of intervertebral shear forces.

Hodges et al%> electrically stimulated contrac-
tion of the TA in pigs and demonstrated that,
when tension was developed in the thoraco-
lumbar fascia, without an associated increase
in IAP, there was no significant effect on the
intervertebral stiffness. In the next step of that
same research study, the thoracolumbar fascial
attachments were cut, and an increase in IAP
decreased the spinal stiffness. This demon-
strates that the thoracolumbar fascia and IAP
work in concert to enhance trunk stability.45

Trunk stability is also dependent on the
joints caudal to the lumbar spine. The SI joint
is the connection between the lumbar spine and
the pelvic region, which ultimately connects
the trunk to the lower extremities. The SI joint
is dependent on the compressive force between
the sacrum and ilia. The horizontal direction
and anterior attachment on the ilium of the TA
produces the compressive force necessary for
spinal stability. Richardson and Snijders®0 used
ultrasound to detect movement of the sacrum
and ilium while having subjects voluntarily
contract their transverse abdominals. They
demonstrated that a voluntary contraction of
the TA reduced the laxity of the SI joint. This
study also pointed out that this reduction in
joint laxity of the SI joint was greater than that
during a bracing contraction. The research-
ers did note that they were unable to exclude
changes in activity in other muscles such as
the pelvic floor, which may have reduced the
laxity via counternutation of the sacrum.0 The
aforementioned research findings illustrate that
the TA plays an important role in maintaining
trunk stability by interacting with IAP, thora-
columbar fascia tension, and compressing the
ST joints via muscular attachments.

Multifidi

The multifidi are the most medial of the
posterior trunk muscles, and they cover the
lumbar zygapophyseal joints, except for the
ventral surfaces.8” The multifidi are primary
stabilizers when the trunk is moving from
flexion to extension. The multifidi contribute
only 20% of the total lumbar extensor moment,
whereas the lumbar erector spinae contribute
30%, and the thoracic erector spinae function
as the predominant torque generator at 50% of
the extension moment arm.60 The multifidus,



lumbar, and thoracic erector spinae muscles
have a high percentage of type I fibers and are
postural control muscles similar to the TA.60
The multifidus has been shown to be active
during all antigravity activities, including static
tasks such as standing and dynamic tasks such
as walking.104

Clinical observation and experimental evi-
dence confirm that when the TA contracts,
the multifidi are also activated.8”7 A girdle-like
cylinder of muscular support is produced as
a result of the coactivation of the TA, mul-
tifidus, and thick thoracolumbar fascial system.
EMG evidence suggests that the TA and inter-
nal obliques contract in anticipation of move-
ment of the upper and lower extremities, often
referred to as the feed-forward mechanism. This
feed-forward mechanism gives the TA and
multifidus muscular girdle a unique ability to
stabilize the spine regardless of the direction
of limb movements.#”48 As noted previously,
the pelvic floor muscles play an important role
in the development of IAP and, thus, enhance
trunk stability. It has also been demonstrated
that the pelvic floor is active during repetitive
arm movement tasks independent of the direc-
tion of movement.>2

Sapsford and Hodges?¢ discovered that max-
imal contraction of the pelvic floor was associ-
ated with activity of all abdominal muscles,
and submaximal contraction of the pelvic floor
muscles was associated with a more isolated
contraction of the TA. In this same study,
it also was determined that the specificity
of the response was better when the lumbar
spine and pelvis were in a neutral position.?®
Clinically, this information is helpful in guid-
ing the patient in the process of TA contraction
by instructing the patient to perform a submax-
imal pelvic floor isometric hold. Another inter-
esting fact to note is that men and women with
incontinence have almost double the incidence
of low back pain as people without incontinence
issues.33 In summary, the lumbo-pelvic region
may be visualized as a cylinder with the inferior
wall being the pelvic floor, the superior wall
being the diaphragm, the posterior wall being
the multifidus, and the TA muscles forming
the anterior and lateral walls. All walls of the
cylinder must be activated and taut for optimal
trunk stabilization to occur with all static and
dynamic activities.

Establishing Core Stability in Rehabilitation 125

Clinical Decision-Making Exercise 5-2

Last year, a tennis player suffered a knee injury.
She tore her anterior cruciate ligament, medial col-
lateral ligament, and meniscus. She is competing
now, but complains of recurrent back pain. She
has rather poor posture and significant postural
sway. Could she benefit from core training, and
how would you go about selecting exercises for her?

POSTURAL CONSIDERATIONS

The core functions to maintain postural
alignment and dynamic postural equilibrium
during functional activities. Optimal align-
ment of each body part is a cornerstone to a
functional training and rehabilitation program.
Optimal posture and alignment will allow for
maximal neuromuscular efficiency because
the normal length-tension relationship, force-
couple relationship, and arthrokinematics will
be maintained during functional movement
patterns.15.31,32,54,55,57,62,66,69.94.95 If one seg-
ment in the kinetic chain is out of alignment,
it will create predictable patterns of dysfunc-
tion throughout the entire kinetic chain. These
predictable patterns of dysfunction are referred
to as serial distortion patterns.3! Serial dis-
tortion patterns represent the state in which
the body’s structural integrity is compromised
because segments in the kinetic chain are out
of alignment. This leads to abnormal distort-
ing forces being placed on the segments in
the kinetic chain that are above and below
the dysfunctional segment.!531,32.59 To avoid
serial distortion patterns and the chain reac-
tion that one misaligned segment creates, we
must emphasize stable positions to maintain
the structural integrity of the entire kinetic
chain.17:31,59,69,70.93 A comprehensive core sta-
bilization program prevents the development of
serial distortion patterns and provides optimal
dynamic postural control during functional
movements.

MUSCULAR IMBALANCES

An optimally functioning core helps to pre-
vent the development of muscle imbalanc-
es and synergistic dominance. The human
movement system is a well-orchestrated system
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of interrelated and interdependent compo-
nents.1766 The functional interaction of each
component in the human movement system
allows for optimal neuromuscular efficiency.
Alterations in joint arthrokinematics, muscu-
lar balance, and neuromuscular control affect
the optimal functioning of the entire kinetic
chain.17.94.95 Dysfunction of the kinetic chain is
rarely an isolated event. Typically, a pathology
of the kinetic chain is part of a chain reaction
involving some key links in the kinetic chain
and numerous compensations and adaptations
that develop.6® The interplay of many muscles
about a joint is responsible for the coordinated
control of movement. If the core is weak, nor-
mal arthrokinematics are altered. Changes in
normal length-tension and force-couple rela-
tionships, in turn, affect neuromuscular con-
trol. If one muscle becomes weak, becomes
tight, or changes its degree of activation, then
synergists, stabilizers, and neutralizers have to
compensate.17:32:66,68.70,94,95

Muscle tightness has a significant impact
on the kinetic chain. Muscle tightness affects
the normal length-tension relationship.> This
impacts the normal force-couple relationship.
When one muscle in a force-couple relation-
ship becomes tight, it changes the normal
arthrokinematics of 2 articular partners.14.61,89
Altered arthrokinematics affect the synergistic
function of the kinetic chain.17:32:66.95 This leads
to abnormal pressure distribution over articular
surfaces and soft tissues. Muscle tightness also
leads to reciprocal inhibition.17:32,54,57,66,99,103
Therefore, if one develops muscle imbalances
throughout the lumbo-pelvic-hip complex, it
can affect the entire kinetic chain. For example,
a tight psoas causes reciprocal inhibition of the
gluteus maximus, TA, internal oblique, and
multifidus.50:55,57.81.85 This muscle imbalance
pattern may decrease normal lumbo-pelvic-hip
stability. Specific substitution patterns develop
to compensate for the lack of stabilization,
including tightness in the iliotibial band.32 This
muscle imbalance pattern leads to increased
frontal and transverse plane stress at the knee.
Dr. Vladamir Janda proposed a syndrome,
named the crossed pelvis syndrome, in which
a weak abdominal wall and weak gluteals are
counterbalanced with tight hamstrings and hip
flexors.>>

A strong core with optimal neuromuscu-
lar efficiency can help to prevent the devel-
opment of muscle imbalances. Consequently,
a comprehensive core stabilization training
program should be an integral component of
all rehabilitation programs. A strong, efficient
core provides the stable base upon which the
extremities can function with maximal pre-
cision and effectiveness. It is important to
remember that the spine, pelvis, and hips must
be in proper alignment with proper activation
of all muscles during any core-strengthening
exercise. Because no one muscle works in isola-
tion, attention should be paid to the position
and activity of all muscles during open and
closed chain exercises.

NEUROMUSCULAR
CONSIDERATIONS

A strong and stable core can optimize neuro-
muscular efficiency throughout the entire kinet-
ic chain by helping to improve dynamic postural
control.40:46,50,61,89,94.95 A number of research-
ers have demonstrated kinetic chain imbalances
in individuals with altered neuromuscular con-
trol.10,15-17,46,49-51,54-58,65-70,81,82,89,94 Research
demonstrates that people with low back pain
have an abnormal neuromotor response of the
trunk stabilizers accompanying limb move-
ment, significantly greater postural sway, and
decreased limits of stability.49:50.75.82 Research
also demonstrates that about 70% of patients
suffer from recurrent episodes of back pain.
Furthermore, it has been demonstrated that
individuals have decreased dynamic postural
stability in the proximal stabilizers of the lum-
bo-pelvic-hip complex following lower extrem-
ity ligamentous injuries,1%:15-17 and that joint
and ligamentous injury can lead to decreased
muscle activity.32:99.103 Joint and ligament inju-
ry can lead to joint effusion, which, in turn,
leads to muscle inhibition. This leads to altered
neuromuscular control in other segments of the
kinetic chain secondary to altered propriocep-
tion and kinesthesia.l0:17 Therefore, when an
individual with a knee ligament injury has joint
effusion, all of the muscles that cross the knee
can be inhibited. Several muscles that cross the
knee joint are attached to the lumbo-pelvic-
hip complex.85 Consequently, a comprehensive



rehabilitation approach should focus on rees-
tablishing optimal core function so as to posi-
tively affect peripheral joints.

Research also demonstrates that mus-
cles can be inhibited from an arthrokinetic
reflex.15:66:99,103 This is referred to as arthro-
genic muscle inhibition. Arthrokinetic reflexes
are mediated by joint receptor activity. If an
individual has abnormal arthrokinematics, the
muscles that move the joint will be inhibited.
For example, if an individual has a sacral tor-
sion, the multifidus and gluteus medius can
be inhibited.44 This leads to abnormal move-
ment in the kinetic chain. The tensor fasciae
latae become synergistically dominant and the
primary frontal plane stabilizer.85 This can
lead to tightness in the iliotibial band. It can
also decrease the frontal and transverse plane
control at the knee. Furthermore, if the mul-
tifidus is inhibited,# the erector spinae and
psoas become facilitated. This further inhibits
the lower abdominals (internal oblique and
TA) and the gluteus maximus.46-49 This also
decreases frontal and transverse plane stability
at the knee. As previously mentioned, an effi-
cient core improves neuromuscular efficiency
of the entire kinetic chain by providing dynam-
ic stabilization of the lumbo-pelvic-hip com-
plex and improving pelvifemoral biomechanics.
This is yet another reason why all rehabilitation
programs should include a comprehensive core
stabilization training program.

Clinical Decision-Making Exercise 5-3

As part of a preparticipation screening, you want
to look for athletes who may be prone to low back
pain. What evaluative test can you use to do this?

SCIENTIFIC RATIONALE
FOR CORE STABILIZATION
TRAINING

Most individuals train their core stabiliz-
ers inadequately compared to other muscle
groups..91.92  Although adequate strength,
power, muscle endurance, and neuromuscular
control are important for lumbo-pelvic-hip
stabilization, performing exercises incorrectly
or that are too advanced is detrimental.64.91,92
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Several researchers have found decreased firing
of the TA, internal oblique, multifidus, and deep
erector spinae in individuals with chronic low
back pain.46-49:51,82,88 Performing core training
with inhibition of these key stabilizers leads
to the development of muscle imbalances and
inefficient neuromuscular control in the kinetic
chain. It has been demonstrated that abdominal
training without proper pelvic stabilization
increases intradiscal pressure and compres-
sive forces in the lumbar spine.3511,46,49,51,78,79
Furthermore, hyperextension training without
proper pelvic stabilization can increase intra-
discal pressure to dangerous levels, cause buck-
ling of the ligamentum flavum, and lead to nar-
rowing of the intervertebral foramen.3511.79

Research also shows decreased stabiliza-
tion endurance in individuals with chronic
low back pain.lL.19:36.37.74 The core stabiliz-
ers are primarily type I slow-twitch muscle
fibers.36:37.83,84 These muscles respond best to
time under tension. Time under tension is a
method of contraction that lasts 6 to 20 sec-
onds and emphasizes hypercontractions at end
ranges of motion. This method improves intra-
muscular coordination, which improves static
and dynamic stabilization. To get the appropri-
ate training stimulus, you must prescribe the
appropriate speed of movement for all aspects
of exercises.23:24 Core strength endurance must
be trained appropriately to allow an individual
to maintain dynamic postural control for pro-
longed periods.3

Research demonstrates a decreased cross-
sectional area of the multifidus in patients with
low back pain, and that spontaneous recovery
of the multifidus following resolution of symp-
toms does not occur.44 It has also been dem-
onstrated that the traditional curl-up increases
intradiscal pressure and increases compressive
forces at 1L2-L3.3,>,11.78,79

Additional  research  demonstrates
increased EMG activity and pelvic stabiliza-
tion when an abdominal drawing-in maneuver
is performed prior to initiating core train-
ing.3,11,23,39,40,51,76,81,89 Also, maintaining the
cervical spine in a neutral position during core
training improves posture, muscle balance, and
stabilization. If the head protracts during move-
ment, then the sternocleidomastoid is preferen-
tially recruited. This increases the compressive
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Figure 5-2. Stabilizer pressure biofeedback unit.
(Reprinted with permission from the Chattanooga
Group.)

forces at the C0-Cl1 vertebral junction. This can
lead to pelvic instability and muscle imbalanc-
es secondary to the pelvo-ocular reflex. This
reflex is important to keep the eyes level.66.67
If the sternocleidomastoid muscle is hyperac-
tive and extends the upper cervical spine, then
the pelvis will rotate anteriorly to realign the
eyes. This can lead to muscle imbalances and
decreased pelvic stabilization.66,67

Clinical Decision-Making Exercise 5-4

You have had a track athlete on a core stabilization
program for several weeks. She has been progress-
ing well but needs a different challenge. What can
you do to change up her program?

ASSESSMENT OF THE CORE

Before a comprehensive core stabilization
program is implemented, an individual must
undergo a comprehensive assessment to deter-
mine muscle imbalances, arthrokinematic defi-
cits, core strength, core muscle endurance,
core neuromuscular control, core power, and
overall function of the lower extremity kinetic
chain. Assessment tools include activity-based
tests that are performed in the clinical setting,
EMG with surface or indwelling electrodes,
and technologically advanced testing and train-
ing techniques using real-time ultrasound.

Rehabilitative ultrasound imaging (RUSI) has
been used extensively in research settings and
has been proven to be a reliable tool in evaluat-
ing the activation patterns of various abdomi-
nal muscles.41,101 RUSI, although not currently
readily available in clinical settings, is a great
asset in the laboratory setting. Perhaps the
future will allow for more use of RUSI in clini-
cal practice.

It was previously stated that muscleimbalanc-
esand arthrokinematic deficits can cause abnor-
mal movement patterns to develop throughout
the entire kinetic chain. Consequently, it is
extremely important to thoroughly assess each
individual with a kinetic chain dysfunction for
muscle imbalances and arthrokinematic defi-
cits. All procedures for assessment are beyond
the scope of this chapter, and the interested
reader is referred to the comprehensive refer-
ences provided to gain an understanding of
additional assessment procedures that may be
used to identify muscle imbalances. It is rec-
ommended that the interested reader use the
following references to explain a comprehen-
sive muscle imbalance assessment procedure
thoroughly.1,15,20,23,24,31,51,56,58,59,68,94,95,103

Core strength can be assessed by using
the straight-leg lowering test.351.62,81,94.95 The
individual is placed supine. A pressure biofeed-
back device called the Stabilizer (Chattanooga
Group; Figure 5-2) is placed under the lumbar
spine at about L4-L5. The cuff pressure is raised
to 40 mm Hg. The individual’s legs are main-
tained in full-extension while flexing the hips
to 90 degrees (Figure 5-3). The individual is
instructed to perform a drawing-in maneuver
(pull belly button to spine) and then flatten
the back maximally into the table and pressure
cuff. The individual is instructed to lower the
legs toward the table while maintaining the
back flat. The test is over when the pressure
in the cuff decreases. The hip angle is then
measured with a goniometer to determine the
angle using a rating scale developed by Kendall
(Figure 5-4).63 This test provides a basic idea of
how strong the lower abdominal muscle groups
(rectus abdominis and external obliques) are.
Using the pressure feedback device ensures
there is no compensation with the lumbar
extensors or large hip flexors to stabilize the
long lever arm of the legs.
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Figure 5-3. Core strength
can be assessed using
a straight-leg lowering
test.

Figure 5-4.Key to muscle
grading in the straight-
leg lowering test.

Neuromuscular control of the deep core
muscles, TA, and multifidi are evaluated with
the quality of movement emphasized rather
than quantity of muscular strength or endur-
ance time. Unfortunately, no objectifiable man-
ual muscle test exists for either of these impor-
tant muscles/muscle groups; however, Hides
and Richardson3 have developed prone and
supine tests to evaluate the muscular coordina-
tion of the TA and multifidus. The first test for
the TA is performed in the prone position with
the Stabilizer pressure biofeedback unit placed
under the abdomen with the navel in the cen-
ter and the distal edge of the pad in line with
the right and left anterior superior iliac spines
(Figure 5-5). The pressure pad is inflated to
70 mm Hg. It is important to instruct the patient
to relax his or her abdomen fully prior to the
start of the test. The patient is then instructed

to take a relaxed breath in and out, and then to
draw the abdomen in toward the spine without
taking a breath. The patient is asked to hold
this contraction for a minimum of 10 seconds,
with a slow and controlled release. Optimal
performance, indicating proper neuromuscular
control of the TA, is a 4- to 10-mm Hg reduc-
tion in the pressure with no pelvic or spinal
movement noted. It is important to monitor
pelvic and lower extremity positioning as the
patient may compensate by putting pressure
through the patient’s legs or tilting the patient’s
pelvis to elevate the lower abdomen rather than
isolating the TA contraction.

Testing for the TA is also performed in the
supine position and relies on palpation and visu-
alization of the lower abdomen. Instructions to
the patient remain the same as the prone test,
and the athletic trainer palpates for bilateral TA
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Figure 5-5. Prone transverse abdominis test.

Figure 5-7. Palpating the multifidi for muscular activation.

contraction just medially and inferiorly to the
anterior superior iliac spines and lateral to the
rectus abdominis (Figure 5-6A).

The Stabilizer pad may also be placed
under the lower lumbar region to monitor
whether compensation occurs with the pelvis
(Figure 5-6B). The pressure reading should
remain the same throughout the test. A change
in the pressure reading indicates that the patient
is tilting his or her pelvis anteriorly (pressure
decreases) or posteriorly (pressure increases) in
an attempt to flatten the patient’s lower abdo-
men. The patient is asked to hold this contrac-
tion for a minimum of 10 seconds, with a slow
and controlled release. With a correct contrac-
tion of the TA, the athletic trainer feels a slowly
developing deep tension in the lower abdominal
wall. Incorrect activation of the TA would be
evident when the internal oblique dominates,
and this is detected when a rapid development

Figure 5-6. Supine transversus abdominis test.

of tension is palpated or the abdominal wall is
pushed out rather than drawn in.

The neuromuscular control of the multifidi
is examined with the patient in the prone posi-
tion and the therapist palpating the level of the
multifidus for muscular activation (Figure 5-7).
The patient is instructed to breathe in and out
and to hold the breath out while swelling out
the muscles under the clinician’s fingers. The
patient is then asked to hold the contraction
while resuming a normal breathing pattern for
a minimum of 10 seconds. The athletic trainer
palpates the multifidus for symmetrical activa-
tion and slow development of muscular activa-
tion. This sequence is repeated at the multiple
segments in the lumbar spine. Compensation
patterns may include anterior or posterior pel-
vic tilting or elevation of the rib cage in an
attempt to swell out the multifidus.

A proper and thorough evaluation of the
core muscles will lead the athletic trainer in
developing a proper core stabilization program.
It is imperative that neuromuscular control
of the TA and multifidus precedes all other
stabilization exercises. These muscles provide
the foundation from which all the other core
muscles work.



CORE STABILIZATION
TRAINING PROGRAM

As previously noted, the training program
must progress in a scientific, systematic pattern
with the ultimate goal of training the trunk sta-
bilizers to be active in all phases of functional
tasks. These tasks may include simple static
postures, such as standing or sitting, and prog-
ress to very complex tasks, such as high-inten-
sity athletic skills.”! Patient education is the key
to a successful exercise program. The patient
must be able to visualize the muscle activation
patterns desired and have a high level of body
awareness allowing him or her to activate his or
her core muscles with the proper positioning,
neuromuscular control, and level of force gen-
eration needed for each individual task.

Performing the Drawing-In
Maneuver

Muscular activation of the deep core stabi-
lizers (TA and multifidus) coordinated with
normal breathing patterns is the foundation
for all core exercises.64 All core stabilization
exercises must first start with the “drawing-in”
maneuver (Figure 5-8). Opinions vary73:87 in
the exercise science world about the activation
of the abdominal muscles during activities.

McGill73 is a proponent of the abdominal
bracing technique, where the patient is advised
to stiffen or activate both the trunk flexors
and extensors maximally to prevent spinal
movement. He uses the training technique of
demonstrating this bracing pattern at the elbow
joint. He asks the patient to stiffen his or her
elbow joint by simultaneously activating the
elbow flexors and extensors and resisting an
externally applied force that attempts to flex the
patient’s elbow. Once the patient has mastered
that concept, the same principles are applied to
the trunk.

Richardson and Hodges87 teach the abdomi-
nal hollowing technique, where the navel is
drawn back toward the spine without spinal
movement occurring. This technique does not
ask patients to do a maximal contraction, but
instead, a submaximal, steady development of
muscle activation.
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Figure 5-8. The drawing-in maneuver requires a
contraction of the transversus abdominis.

We have used a teaching technique that
incorporates submaximal abdominal hollow-
ing and moderate bracing of the trunk. While
standing in front of a mirror, patients are
asked to put their hands on their iliac crests so
their fingers rest anteriorly on their transverse
abdominals and internal obliques. A good way
to state this to the patient is, “Put your hands on
your hips like you are mad.” Patients are then
instructed to draw their navel back toward their
spine without moving their trunk or body while
continuing to breathe normally. A good verbal
cue is, “Make your waist narrow like you are
putting on a tight pair of jeans, without sucking
in your breath.” While in that position, patients
are also instructed to not let anyone “push them
around,” or push them off balance. This helps
incorporate the total-body bracing technique
and the use of the upper and lower extremities
to facilitate total-body stabilization. This can
be referred to as the power position or home
base, and these key words may be used when
teaching the progression of all core exercises
(see Table 5-1 for other teaching cues for proper
muscular activation of core muscles).”591 It
should be emphasized that proper muscular
activation cannot be achieved if the patient is
holding his or her breath.

It should also be noted that the drawing-in
maneuver should not be abandoned when the
patient is performing other exercises such as
weightlifting, walking, or aerobic tasks such as
step aerobics, aqua aerobics, or running.

Specific Core Stabilization Exercises

Once the drawing-in maneuver is perfected,
neuromuscular control of the TA and mul-
tifidus is accomplished in the prone and supine
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Table 5-1 Teaching Cues for Activation of Core Muscles

positions as described in “Assessment of the
Core” previously. Then, progression of exercises
into other positions can take place. Quadruped
is a good starting position for the patient to
learn and enhance his or her power position
(Figure 5-9). This facilitates the patient keeping
his or her body steady and minimizing trunk
movement. The patient is instructed to keep the
trunk straight like a tabletop and then draw the
stomach up toward the spine (activating the TA
and multifidus) while maintaining the normal
breathing pattern. This position is held for a
minimum of 10 seconds and progressed in time
to up to 30 to 60 seconds, working on endur-
ance of these trunk muscles.”1.74 The patient
is advised to release the contraction slowly in
an eccentric manner, and no spinal movement
should occur during this release phase. When
this position is mastered by the patient and the
athletic trainer feels that the patient is ready,
the difficulty of the exercise can be progressed,
limited only by the capabilities of the patient.
Figures 5-10 through 5-12 illustrate the exer-
cises used in a comprehensive core stabilization
training program. Exercises may be broken

Figure 5-9. Quadruped position for mastering the
drawing-in maneuver or power position.

down into 3 levels in the progressive core sta-
bilization training program: level 1—stabili-
zation (Figure 5-10); level 2—strengthening
(Figure 5-11); and level 3—power (Figure 5-12).
The patient is started with the exercises at the
highest level at which the patient can maintain
stability and optimal neuromuscular control.
The patient is progressed through the program
when the patient achieves mastery of the exer-

cises in the previous level..2411,13,15,18,19.23,27,
32,38,42,45,51,59,60,66,68,71,72,77,83,84,96,98
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Clinical Decision-Making Exercise 5-5

Figure 5-10. Level 1 (stabilization) core stability
exercises. (A) Double-leg bridging. (B) Prone cobra. (C)
Front plank. (D) Lunge. (E) Side plank. (F) Squats with
Thera-Band. (G) Pelvic tilts on stability ball. (continued)

Clinical Decision-Making Exercise 5-6

You have been training a softball player on a core
strengthening program for 1 week. She has been
making improvements, and you think that it is time
to progress her. What is your goal, and what param-
eters should you consider when progressing her?

A golfer has been out of activity for several weeks
following a latissimus dorsi strain. As part of his
rehabilitation program, you have been progress-
ing him through a core strengthening program.
Describe a level 3 exercise that would be ideal for
him.
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Figure 5-10 (continued). Level 1 (stabilization) core stability exercises. (H) Diagonal crunches. (I) Alternating
opposite arm-leg. (J) Single leg lunge with abdominal bracing. (K) Sit-to-stand with abdominal bracing.

: B

Figure 5-11. Level 2 (strength) core stability exercises.
(A) Bridge with single leg extension. (B) Front plank
with single leg extension. (C) Supine alternating arms
and legs (aka, dying bug). (D) Push-up to side plank.
(continued)
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Figure 5-11 (continued). Level 2 (strength) core stability
exercises. (E) Bridging on stability ball. (F) Stability
ball diagonal crunches. (G) Push-ups on therapy ball.
H) Stability ball hip-ups. (I) Stability ball side plank. (J)
Stability ball pike-ups. (K) Stability ball crunches. (L)
Stability ball rotation with weighted ball. (continued)
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Figure 5-11 (continued). Level 2 (strength) core stability
exercises. (M) Stability ball single-arm dumbbell press
with rotation. (N) Stability ball diagonal rotations with
weighted ball. (O) Prone hip extension. (P) Stability
ball wall slides. (Q) Stability ball straight-leg raise. (R)
Stability ball hip extension. (S) Half-kneeling rotation.
(continued)
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Figure 5-11 (continued). Level 2 (strength) core stability exercises. (T) Stability balls two-arm support.

(U) Stability ball Russian twist. (V) Stability ball prone cobra. (W) Weight shifting on stability ball. (X)
Proprioceptive neuromuscular facilitation (PNF) Bodyblade.

b

A

Figure 5-12. Level 3 (power) core stability exercises. (A) Weighted ball single-leg jump. (B

) Weighted ball diagonal to
PNF pattern. (C) Weighted ball double-leg jump. (D) Overhead extension. (continued)
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Figure 5-12. Level 3 (power) core stability exercises. (E) Overhead weighted ball throw. (F) Weighted ball one-arm
chest pass with rotation. (G) Weighted ball double-arm rotation toss from squat. (H) Weighted ball forward jump from

squat. () Stability ball pullover crunch with weighted ball.

Table 5-2 Program Variation
Summary

Plane of motion
Range of motion
Loading parameter
Body position
Speed of movement
Amount of control
Duration

Frequency

GUIDELINES FOR CORE
STABILIZATION TRAINING

A comprehensive core stabilization training
program should be systematic, progressive, and
functional. The rehabilitation program should

emphasize the entire muscle contraction spec-
trum, focusing on force production (concentric
contractions), force reduction (eccentric con-
tractions), and dynamic stabilization (isometric
contractions). The core stabilization program
should begin in the most challenging environ-
ment the individual can control. A progressive
continuum of function should be followed to
systematically progress the individual.

The program should be manipulated regu-
larly by changing any of the following vari-
ables: plane of motion, range of motion (ROM),
loading parameters (Physioball, medicine ball,
Bodyblade [Hymanson, Inc.], power sports
trainer, weight vest, dumbbell, tubing, kettle-
bell), body position, amount of control, speed
of execution, amount of feedback, duration
(sets, reps, tempo, time under tension), and
frequency (Table 5-2).



Table 5-3 Exercise Selection
Summary
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Table 5-4 Exercise Progression
Summary

Safe

Challenging

Stress multiple planes
Proprioceptively enriched

Activity specific

Specific Core Stabilization
Guidelines

When designing a functional core stabili-
zation training program, the athletic trainer
should create a proprioceptively enriched envi-
ronment and select the appropriate exercises to
elicit a maximal training response. The exercis-
es must be safe and challenging, stress multiple
planes, incorporate a multisensory environ-
ment, be derived from fundamental movement
skills, and be activity specific (Table 5-3).

The athletic trainer should follow a pro-
gressive functional continuum to allow opti-
mal adaptations.31:3538,59 The following are
key concepts for proper exercise progression:
slow to fast, simple to complex, known to
unknown, low force to high force, eyes open
to eyes closed, static to dynamic, and cor-
rect execution to increased reps/sets/intensity
(Table 5-4).21,22,23,31,34,35,39,59

The goal of core stabilization should be to
develop optimal levels of functional strength
and dynamic stabilization.l!! Neural adapta-
tions become the focus of the program instead
of striving for absolute strength gains.15.31,56,81
Increasing proprioceptive demand by using a
multisensory, multimodal (tubing, Bodyblade,
Physioball, medicine ball, power sports trainer,
weight vest, cobra belt, dumbbell, kettlebell)
environment becomes more important than
increasing the external resistance.21,3> The con-
cept of quality before quantity is stressed. Core
stabilization training is specifically designed
to improve core stabilization and neuromus-
cular efficiency. You must be concerned with
the sensory information that is stimulating the
patient’s central nervous system. If the patient
trains with poor technique and neuromuscular
control, then the patient develops poor motor

Slow to fast

Simple to complex

Stable to unstable

Low force to high force

General to specific

Correct execution to increased intensity

patterns and stabilization.31:59 The focus of the
program must be on function. To determine if
the program is functional, answer the following
questions:

e Is it dynamic?

e Is it multiplanar?

e Is it multidimensional?

e Is it proprioceptively challenging?

o Isit systematic?

e I[s it progressive?

e Is it based on functional anatomy and
science?

e Is it activity specific?31,34,59

In summary, the core strengthening pro-
gram must always start with the drawing-in
maneuver that produces neuromuscular control
of the TA and multifidus. Abdominal strength
is not the key; rather, it is abdominal endurance
within a stabilized trunk that enhances func-
tion and may prevent or minimize injury. The
trunk must be dynamic and able to move in
multiple directions at various speeds, yet have
internal stability that provides a strong base of
support so as to support functional mobility
and extremity function. The athletic trainer is
only limited by the athletic trainer’s own imagi-
nation in the development of core stabilization
exercises. If the power position is maintained
throughout the exercise sequence and the exer-
cise is individualized to the needs of a patient,
then it is an appropriate exercise! The key is to
integrate individual exercises into functional
patterns and simulate the demands of simple
tasks and progress to the highest level of skill
needed by each individual patient.
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SUMMARY

. Real-time ultrasound

Functional kinetic chain rehabilitation
must address each link in the kinetic chain
and strive to develop functional strength
and neuromuscular efficiency.

. A core stabilization program should be

an integral component for all individu-
als participating in a closed kinetic chain
rehabilitation program.

A core stabilization training program will
allow an individual to gain optimal neuro-
muscular control of the lumbo-pelvic-hip
complex and allow the individual with
a kinetic chain dysfunction to return to
activity more quickly and safely.

The important core muscles do not func-
tion as prime movers; rather, they function
as stabilizers.

There are some clinical methods of mea-
suring the function of the TA and multifi-
dus function.

is an effective
research tool for assessment of core
stabilizers.

The Stabilizer is a useful adjunct to exami-
nation and training of the core.

Many possibilities exist for core training
progressions. Progression is achieved by
changing position, lever arms, resistance,
and stability of surfaces.

Trunk flexion activities such as the curl
and sit-up are not only unnecessary, but
also may cause injury.
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SOLUTIONS TO CLINICAL
DECISION-MAKING
EXERCISES

Exercise 5-1. Decreased stabilization endur-
ance in individuals with low back pain with
decreased firing of the TA, internal oblique,
multifidus, and deep erector spinae. Training
without proper control of these muscles can
lead to improper muscle imbalances and force
transmission. Poor core stability can lead to
increased intradiscal pressure. Core training
will improve the gymnast’s posture, muscle
balance, and static and dynamic stabilization.

Exercise 5-2. It could be that she has poor
postural control because of a weak core. She
probably never regained neuromuscular control
of her core following the knee injury. Tennis
requires a lot of upper body movement, so she
would probably benefit from core strengthening
that would allow her to control her lumbo-pel-
vic-hip complex while she plays. In choosing her
exercises, you should make sure that they are
safe and challenging and stress multiple planes
that are functional as they are applied to tennis.
The exercises should also be proprioceptively
enriched and activity specific.

Exercise 5-3. Individuals with poor core
strength are likely to develop low back pain
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due to improper muscle stability. The straight
leg lowering test is a good way to assess core
strength. The athlete should lie supine on
a table with hips flexed to 90 degrees and
lower back completely flat against the table. To
decrease the lordotic curve, instruct the patient
to perform a drawing-in maneuver. The patient
then lowers the legs slowly to the table. The test
is over when the back starts to arch off of the
table. A blood pressure cuff can be used under
the low back to observe an increase in the lor-
dotic curve. Someone with a weak core will not
be able to maintain the flattened posture for
very long while lowering the legs.

Exercise 5-4. To progress the patient and
keep her interested in her rehabilitation pro-
gram, change her program frequently. Consider
these variables as you plan changes: plane of
motion, ROM, loading parameter (Physioballs,
tubing, medicine balls, body blades, etc.), body
position (from supine to standing), speed of
movement, amount of control, duration (sets
and reps), and frequency.

Exercise 5-5. Your ultimate goal with core
strengthening is functional strength and
dynamic stability. As the athlete progresses,
the emphasis should change in these ways:
from slow to fast, simple to complex, stable to
unstable, low to high force, general to specific,
and correct execution to increased intensity.
Once the patient has gained awareness of prop-
er muscle firing, encourage her to perform her
exercises in a more functional manner. Because
activities in most sports require multiplane
movement, design her exercises to mimic those
requirements.

Exercise 5-6. Dynamic PNF with a power
ball would be ideal for him. The ball will pro-
vide a loading parameter, and his ROM will be
functional for the demands of his sport. Adding
a twisting component is important so that he
is not just training in a single plane of motion
prior to swinging his club.

Please see videos on the accompanying website at
www.healio.com/books/sportsmedvideos7e
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146 Chapter 6

WHAT IS NEUROMUSCULAR
CONTROL?

Neuromuscular control refers to the effer-
ent (motor) response to sensory informa-
tion.8! Several sources of sensory information
are essential for producing adequate muscle
activity and dynamic joint stability, including
proprioception, kinesthesia, and force sense.
Proprioception refers to conscious and uncon-
scious appreciation of joint position, whereas
kinesthesia is the sensation of joint motion or
acceleration.120 The perception of force (force
sense) is the ability to estimate joint and mus-
culotendinous loads.82 These signals are trans-
mitted to the spinal cord via afferent (sensory)
pathways. Conscious awareness of joint motion,
position, and force is essential for motor learn-
ing and the anticipation of movements, while
unconscious proprioception modulates muscle
function and initiates reflexive joint stabiliza-
tion. As such, neuromuscular control encom-
passes motor output that is responsible for
producing movement and providing dynamic
joint stability and postural stability.

Two motor control mechanisms (feedfor-
ward and feedback) are involved with inter-
preting afferent information and coordinating
efferent responses.1:82 Feedforward neuro-
muscular control involves planning movements
based on “real-time” sensory information that
is integrated with learned somatosensory pat-
terns from past experiences,41.98 while feed-
back processes continuously regulate muscle
activity through reflex pathways. Feedforward
mechanisms are responsible for preparatory
muscle activity; feedback processes are associ-
ated with reactive/reflexive muscle activity.
Because of skeletal muscle’s orientation and
activation characteristics, a diverse array of
movement capabilities can be coordinated
involving concentric, eccentric, and isomet-
ric activation, while excessive joint motion
is restricted. Therefore, dynamic restraint is
achieved through preparatory and reflexive
neuromuscular control.40:41,58,62,73

Muscle activity enhances dynamic joint sta-
bility by increasing joint congruency, providing
eccentric absorption of external forces applied

to the body, and increasing muscle stiffness.
Many joints (eg, glenohumeral and tibiofemo-
ral) possess limited bony congruency and are,
therefore, reliant on muscle activation to limit
loading of passive capsuloligamentous struc-
tures. An enhancement in joint stability can be
achieved via muscle activity by increasing com-
pressive force across the joint and increasing
joint contact area such as occurs when the rota-
tor cuff pulls the humeral head into the glenoid
fossa. Muscle activity also limits loading of pas-
sive tissues by providing eccentric absorption
of force applied to the body (ie, “shock absorp-
tion”). For example, Norcross et all22 demon-
strated that lower extremity energy absorption
characteristics influence biomechanical fac-
tors associated with anterior cruciate ligament
(ACL) loading and injury.

The level of muscle activation, whether it is
preparatory or reactive, greatly modifies the
muscle’s stiffness properties.”>121,129 From a
mechanical perspective, muscle stiffness refers
to the ratio of the change of force to the change
in length.>40:42 In essence, muscles that are
stiffer resist lengthening more effectively and
provide more effective dynamic restraint to
joint perturbation.>!13 Therefore, muscle stiff-
ness generated by feedforward neuromuscu-
lar activity prior to joint loading is one of
the most important mechanisms for dynamic
restraint of joints.”%135142,145 However, high
levels of muscle stiffness would restrict the
fast joint motions necessary for physical activ-
ity, so muscle stiffness regulation occurs con-
tinuously to optimize both joint stability to
motion.15>156 Clinical studies have recently
established the importance of muscle stiffness
in the dynamic restraint system.>%:6775144 In
the knee, for example, increasing hamstring
muscle activation also increases hamstring
stiffness, and there is a moderate correlation
between the degree of muscle stiffness in ACL-
deficient patients and their functional abil-
ity.108,138 Additionally, individuals with greater
hamstring stiffness display less anterior tibial
translation in response to joint perturbation
and lesser frontal and sagittal plane knee load-
ing during landing.16:18 Therefore, efficient
regulation of muscle stiffness might be vital for
restoring functional stability.
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Figure 6-1. Functional stability paradigm depicting the influence of mechanical instability and
proprioceptive deficits on neuromuscular control and functional stability, which predisposes the

knee to repetitive injury.

WHY IS NEUROMUSCULAR
CONTROL CRITICAL TO THE
REHABILITATION PROCESS?

Reestablishing neuromuscular control is
a critical component in the rehabilitation of
pathological joints. The objective of neuromus-
cular control activities is to refocus the patient’s
awareness of peripheral sensations and process
these signals into more coordinated motor
strategies. This muscle activity serves to protect
joint structures from excessive strain and pro-
vides a prophylactic mechanism to recurrent
injury. Neuromuscular control activities are
intended to complement traditional rehabilita-
tion protocols, which encompass the modula-
tion of pain and inflammation, restoration of
flexibility, strength, and endurance, as well as
psychological considerations.

Peripheral mechanoreceptors within articu-
lar and tenomuscular structures mediate neu-
romuscular control by conveying joint motion
and position sense to the central nervous
system (CNS). The primary roles of articu-
lar structures such as the capsule, ligaments,
menisci, and labrum are to stabilize and guide
skeletal segments while providing mechani-
cal restraint to abnormal joint movements.!
However, capsuloligamentous tissue also has a
sensory role essential for detecting joint motion
and position.>1,83,133

Injury to articular structures results not only
in a mechanical disturbance that manifests a
joint laxity, but also in a loss of joint sensation.
Microscopic nerves arising from peripheral
mechanoreceptors within articular structures
may also be damaged, which is referred to as
deafferentation.80:129.137 This partial deaffer-
entation disrupts sensory feedback necessary
for effective neuromuscular control and joint
stabilization. There is substantial evidence sug-
gesting that the aberrations in muscle activ-
ity subsequent to joint injury are a result of
disrupted neural pathways.12,20,80,107,126,151,157
Therefore, joint pathology reduces mechanical
stability and often diminishes the capability
of the dynamic restraint system, rendering the
joint functionally unstable (Figure 6-1).

The concept of mechanical vs functional
stability can be illustrated by comparisons of
ACL-deficient and ACL-reconstructed patients.
Some ACL-deficient individuals, labeled “cop-
ers” by Chmielewski et al28:29 are capable of
high levels of function and dynamic joint sta-
bility in the presence of mechanical instabil-
ity attributable to the absence of the ACL.
These individuals develop enhanced dynamic
restraint capabilities via the rehabilitation pro-
cess, potentially by enhancing hamstring stift-
ness.!14 Conversely, ACL reconstruction results
in mechanical stability of the knee joint as
evidenced by reduced anterior knee laxity,2 but
many ACL-reconstructed patients experience
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sensations of the joint “giving way,” which is
indicative of functional instability.117

The goal of reconstructive surgery is to
restore mechanical stability, but evidence sup-
ports the potential for reinnervation of graft tis-
sue by peripheral receptors.123 Therefore, sur-
gery, combined with rehabilitation, promotes
several neuromuscular characteristics associ-
ated with the dynamic restraint system.102,103
Clinical research has revealed a number of
activities that enhance these characteristics
and are beneficial to developing neuromuscular
control.2770,146 To accomplish this, clinicians
must identify the peripheral and central neu-
romuscular characteristics that compensate for
mechanical insufficiencies and encourage these
adaptations to restore functional stability.

Rehabilitation of the pathological joint
should address the preparatory (feedforward)
and reactive (feedback) neuromuscular control
mechanisms required for joint stability. The 4
elements crucial for reestablishing neuromus-
cular control and functional stability are joint
sensation (position, motion, and force), dynam-
ic stability, preparatory and reactive muscle
characteristics, and conscious and unconscious
functional motor patterns.10L142 The follow-
ing sections will define the sensory recep-
tors and neural pathways that contribute to
joint stabilization. The theoretical framework
for reestablishing neuromuscular control will
be presented, followed by specific activities
designed to encourage the peripheral, spinal,
and cortical adaptations crucial for improving
functional stability.

THE PHYSIOLOGY OF
MECHANORECEPTORS

Articular Mechanoreceptors

The dynamic restraint system is informed
by specialized nerve endings called mechano-
receptors.6l A mechanoreceptor functions by
transducing mechanical deformation of tissue
(eg, stretching, compression) into frequency-
modulated neural signals.®! Increased tissue
deformation is coded by an increased afferent
discharge rate (action potentials/second) or a
rise in the quantity of mechanoreceptors stimu-
lated.61.64 For example, increasing pressure

placed on the skin increases the number of
cutaneous receptors that are activated, as well
as their activation frequencies. These signals
provide sensory information concerning inter-
nal and external forces acting on the joint.
Three morphological types of mechanorecep-
tors have been identified in joints: Pacinian
corpuscles, Meissner corpuscles, and free nerve
endings.51.61.85 These mechanoreceptors are
classified as either quick adapting because they
cease discharging shortly after the onset of a
stimulus, or slow adapting because they con-
tinue to discharge as long as the stimulus is
present.31,51,61,83,132 Tn healthy joints, quick-
adapting mechanoreceptors are believed to pro-
vide conscious and unconscious kinesthetic
sensations in response to joint movement or
acceleration, while slow-adapting mechanore-
ceptors provide continuous feedback and, thus,

proprioceptive information relative to joint
position.29:49,57,130

Tenomuscular Mechanoreceptors

Any change in joint position simultaneously
alters muscle length and tension. Muscle spin-
dles, embedded within skeletal muscle, detect
muscle length, changes in muscle length, and
the rate of muscle lengthening, transmitting
these signals to the CNS through the fastest
afferent nerves.530:64 This sensory information
from the muscle spindle regarding changes in
muscle length and the rate of change in muscle
length (Type Ia afferent neurons) contributes to
the sensation of kinesthesia, while input regard-
ing muscle length (Type II afferent neurons)
contributes to proprioception. Muscle spindles
are also innervated by small motor fibers called
gamma efferents.0:6495 Activity of these motor
fibers permits the muscle spindle to become
more sensitive, if necessary, and accommo-
dates for changes in muscle length while con-
tinuously transmitting afferent signals.6,64.79,81
Muscle spindle afferents project directly on
skeletal motoneurons through monosynaptic
reflexes.159 When muscle spindles are stimu-
lated, they elicit a reflex contraction in the
agonist muscle (eg, the spinal stretch or “knee
jerk” reflex).79:116,159

Golgi tendon organs (GTOs) are also capable
of regulating muscle activity and are respon-
sible for monitoring muscle tension or load.4474



Located within the tendon and tenomuscular
junction, GTOs are force detectors and, thus,
are able to protect the tenomuscular unit by
reflexively inhibiting muscle activation when
high tension might cause damage. During
physical activity, moderate levels of muscle ten-
sion may actually reverse this reflex, thus mak-
ing muscle tension a stimulus to muscle recruit-
ment. Generally, with high muscle tension,
GTOs would have the opposite effect of muscle
spindles by producing a reflex inhibition (relax-
ation) in the muscle being loaded.61.74

Cutaneous Receptors

Pressure and stretch receptors located in the
skin are thought to contribute to propriocep-
tion, kinesthesia, and force sense. Their contri-
bution to force sense is intuitive, as compres-
sion of the skin, such as occurs in the fingers
and hand while grasping an object, provides
an indication of the force being exerted on the
object. Similarly, joint motion causes stretching
and compression of skin on a joint, thus stimu-
lating cutaneous receptors and contributing to
sensations of joint position and motion. These
notions are supported by research demonstrat-
ing improvements in proprioception and neu-
romuscular control with the use of compression
devices (eg, bandages and neoprene sleeves) and
athletic tape.32,33,77.134

NEURAL PATHWAYS OF
PERIPHERAL AFFERENTS

Understanding the extent to which articular,
tenomuscular, and cutaneous sensory informa-
tion is used requires analysis of the reflexive
and cortical pathways employed by periph-
eral afferents. Encoded signals concerning joint
motion, position, and force are transmitted
from peripheral receptors, via afferent path-
ways, to the spinal cord.43:>1 Within the spinal
cord, interneurons link ascending pathways
(tracts) to the cerebral cortex to permit con-
scious appreciation of proprioception, kines-
thesia, and force. Two reflexive pathways couple
articular receptors with motor nerves and teno-
muscular receptors in the spinal column. A
third monosynaptic reflex pathway links the
muscle spindles directly with motor nerves.
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Sensory information from the periphery is
used by the cerebral cortex for somatosensory
awareness and feedforward neuromuscular
control, whereas balance and postural con-
trol are processed at the brainstem.31,53,64,82
Balance is influenced by the same peripheral
afferent mechanisms that mediate joint pro-
prioception and is partially dependent upon
the inherent ability to integrate somatosen-
sory input (joint position sense and kinesthesia)
with vision and the vestibular apparatus. Any
disassociation between these 3 sensory modali-
ties can lead to exaggerated postural sway.
Balance, therefore, is frequently used to mea-
sure sensorimotor integration and functional
joint stability because deficits can result from
aberrations in the afferent feedback loop of the
lower extremity.

Synapses in the spinal cord link afferent
fibers from articular and tenomuscular recep-
tors with efferent motor nerves, constituting
the reflex loops between sensory information
and motor responses. This reflexive neuromo-
tor link contributes to dynamic stability by
using the feedback process for reactive muscu-
lar activation.20-126,139 Tnterneurons within the
spinal column also connect articular receptors
and GTOs with large motor nerves innervat-
ing muscles and small gamma motor nerves
innervating muscle spindles. Johansson et al’8
contends that articular afferent pathways do
not exert as much influence directly on skeletal
motoneurons as previously reported, but rather
they have more frequent and potent effects on
muscle spindles. Muscle spindles, in turn, regu-
late muscle activation through the monosynap-
tic stretch reflex. Articular afferents therefore
have some influence on the large skeletal motor
nerves as well as the spindle receptors, via
gamma motor nerves.”8,80

This sophisticated articular-tenomuscular
link has been described as the “final common
input.”380 The final common input suggests
that muscle spindles integrate peripheral affer-
ent information and transmit a final modified
signal to the CNS.3.80 This feedback loop is
responsible for continuously modifying muscle
activity during locomotion via the muscle spin-
dle’s stretch reflex arc.72121 By coordinating
reflexive and descending motor commands,
muscle stiffness is modified and dynamic sta-
bility is maintained.80.90
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Several reflexes derived from peripheral
mechanoreceptors contribute to dynamic joint
stability. Increases in muscle length such as
those occurring with joint perturbation (eg,
the peroneals during rapid ankle inversion)
excite muscle spindle afferents. The resulting
afferent volleys result in spinal (short latency),
medium-latency, and long-latency stretch reflex
responses. These reflex responses, in turn, pro-
vide heightened resistance to further muscle
lengthening, thus resisting joint perturbation.!3

Similarly, mechanoreceptors in ligament
have been demonstrated to elicit reflexive
responses in the musculature antagonistic to
the imposed loading. For example, tensile load-
ing of the ACL elicits a reflexive response in the
hamstrings designed to limit ligament loading
(ie, the ligament stress-elicited reflex).52:130

FEEDFORWARD AND
FEEDBACK NEUROMUSCULAR
CONTROL

The efferent response of muscles transform-
ing neural information into physical energy is
termed neuromuscular control.81 Traditional
beliefs about the processing of afferent signals
into efferent responses for dynamic stabiliza-
tion were based on reactive or feedback neu-
romuscular control pathways.%® More contem-
porary theories emphasize the significance of
preactivated muscle tension in anticipation of
movements and joint loads. Preactivation sug-
gests that prior sensory feedback (experience)
concerning the task is used to preprogram
muscle activation patterns. For example, visual
input is combined with “sensory memories”
from previous experiences to increase prepara-
tory activity of lower extremity musculature
with increasing landing height in anticipa-
tion of greater impact forces.4%-5¢ This process
is described as feedforward neuromuscular
control.42,49,60,96

Feedforward neuromuscular control uses
advance information about a task, usually from
experience, to determine the most coordinated
strategy for executing the impending functional
task.37.91 These centrally generated motor com-
mands are responsible for preparatory muscle
activity and high-velocity movements.82 For

example, de Britto et al®® demonstrated that
increasing the height of drop-landing tasks
resulted in an increase in preparatory quadri-
ceps activity (ie, before ground contact) in an
effort to accommodate greater impact forces.
Preparatory muscle activity serves several func-
tions that contribute to the dynamic restraint
system. By increasing muscle activation lev-
els, the stiffness of the tenomuscular unit is
increased.!8 This increased muscle activation
and stiffness can improve the stretch sensitiv-
ity of the muscle spindle system while reducing
the electromechanical delay (EMD) required to
develop muscle tension.32:40,62,73,80,113,118,129
EMD refers to the period that elapses between
the arrival of a neural impulse (electrical) initi-
ating muscle contraction and the development
of force (mechanical). Clinical research has
also shown that the stretch reflex can increase
muscle stiffness 1 to 3 times.6>108 Heightened
stretch sensitivity and stiffness could improve
the reactive capabilities of muscle by providing
additional sensory feedback and superimpos-
ing stretch reflexes onto descending motor
commands.40-7%115 ‘Whether muscle stiffness
increases stretch sensitivity or decreases EMD
(or both), it appears to be crucial for dynamic
restraint and functional stability (Figure 6-2).
Preactivated muscles provide quick compen-
sation for external loads and are critical for
dynamic joint stability.40-62 Sensory informa-
tion about the performance is then used to
evaluate the results based on how the brain
expected the task to feel, and helps arrange
future muscle coordination strategies.

The feedback mechanism of motor con-
trol is characterized by numerous reflex path-
ways continuously adjusting ongoing muscle
activity.2141.99116 Information from joint and
muscle receptors can reflexively initiate and
coordinate muscle activity for motor tasks.
This feedback process, however, can result in
long conduction delays and is best equipped
for maintaining posture and regulating slow
stereotyped movements such as walking.82
For example, Konradsen et al®! demonstrated
that the combination of conduction delays and
EMD prolonged the reflexive response of the
peroneal musculature to sudden ankle inver-
sion such that it was incapable of preventing
capsuloligamentous loading. The efficacy of
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Figure 6-2. Diagram depicting the influence
of muscle stiffness on EMD and muscle
spindle sensitivity, which enhances the
reactive characteristics of muscle for dynamic
joint restraint.

reflex-mediated dynamic stabilization is there-
fore related to the speed and magnitude of joint
perturbations. It is unclear what relative con-
tribution feedback-mediated reflexes provide
when in vivo loads are placed on joints.

Partial differentiation in combination with
inflammation, joint effusion, joint laxity, and
pain often leads to voluntary muscle activation
failure following capsuloligamentous injury,
particularly in the early stages of rehabilita-
tion.13! This phenomenon is known as arth-
rogenic muscle inhibition (AMI), and is par-
ticularly common following knee pathology.68
AMI can also be present bilaterally following
unilateral injury.1%14% Various rehabilitation
modalities such as electrical stimulation, ultra-
sound, and vibration may represent effective
approaches for minimizing AMI.19:140

Both feedforward and feedback neuromus-
cular control can enhance dynamic stability if
the sensory and motor pathways are frequently
stimulated. Each time a signal passes through
a sequence of synapses, the synapses become
more capable of transmitting the same sig-
nal.6571 When these pathways are “facilitated”
regularly, memory of that signal is created and
can be recalled to program future movements.6>
Frequent facilitation therefore enhances both
the memory about tasks for preprogrammed
motor control and reflex pathways for reactive
neuromuscular control. Therefore, rehabilita-
tion exercise must be executed with techni-
cal precision, repetition, and controlled pro-
gression for these physiological adaptations to
occur and enhance neuromuscular control.

REESTABLISHING
NEUROMUSCULAR CONTROL

Patients who have sustained damage to
the articular structures in the upper or lower
extremities exhibit distinctive propriocep-
tive, kinesthetic, and neuromuscular defi-
cits.7:8,12,20,98,103,106,110,135,136,138,158 ' Although
identifying these abnormalities might be dif-
ficult in a clinical setting, a thorough apprecia-
tion of the pathoetiology of these conditions is
necessary to guide clinicians who are attempt-
ing to reestablish neuromuscular control and
functional stability. Disruption of the articular
structures results in deafferentation to liga-
mentous and probably capsular mechanorecep-
tors.44:46,98,103,104,136,138 Tn the acute phase of
healing, joint inflammation and pain can com-
pound sensory deficits; however, this cannot
account for the chronic deficits in propriocep-
tion and kinesthesia associated with pathologi-
cal joints.10-85 Research has demonstrated that
patients with congenital or pathological joint
laxity have diminished capability for detect-
ing joint motion and position.50:56:138 These
proprioceptive and kinesthetic characteristics,
coupled with mechanical instability, can lead to
functional instability.9%-141

Developing or reestablishing propriocep-
tion, kinesthesia, and neuromuscular control
in injured patients will minimize the risk of
reinjury. Capsuloligamentous retensioning
and reconstruction, coupled with traditional
rehabilitation, is one option that appears to
restore some kinesthetic awareness, although
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not equal to that of noninvolved limbs.38,103,123
The objective of neuromuscular rehabilitation
is to develop or reestablish afferent and efferent
characteristics that enhance dynamic restraint
capabilities with respect to in vivo loads. Four
basic elements are crucial to reestablishing
neuromuscular control and functional stability:

1. Proprioceptive and kinesthetic sensation
2. Dynamic joint stabilization

3. Reactive neuromuscular control

4. Functional motor patterns®?

In the pathological joint, these dynamic
mechanisms may be compromised due to deaf-
ferentation and can result in a functionally
stable joint. Several afferent and efferent char-
acteristics contribute to the efficient regula-
tion of these elements and the maintenance of
neuromuscular control. These characteristics
include the sensitivity of peripheral receptors
and facilitation of afferent pathways, muscle
stiffness, the onset rate and magnitude of mus-
cle activity, agonist/antagonist coactivation,
reflex muscle activation, and discriminatory
muscle activation. Specific rehabilitation tech-
niques allow these characteristics to be modi-
fied, significantly impacting dynamic stability
and function.12,27.70,76,98,146

Although more prospective clinical research
is needed to establish the “best practice”
approach in support of the evidence-based
medical model, several exercise techniques
show promise for inducing beneficial adapta-
tions to these characteristics. The plasticity of
the neuromuscular system to change is what
permits rapid modifications during rehabilita-
tion that ultimately enhance preparatory and
reactive muscle activity.12,71,76,142-144 The tech-
niques include open and closed kinetic chain
activities, balance training, eccentric and high-
repetition/low-load exercises, reflex facilitation
through reactive or “perturbation” training,
stretch-shortening activities, and biofeedback
training. Traditional rehabilitation, accom-
panied by these specific techniques, results
in beneficial adaptations to the neuromus-
cular characteristics responsible for dynamic
restraint, enhancing their efficiency for provid-
ing a functionally stable joint.

To restore dynamic muscle activation neces-
sary for functional stability, one must employ

simulated positions of vulnerability that neces-
sitate reactive muscle stabilization. Although
there are inherent risks in placing the joint in
positions of vulnerability, if this is done in a
controlled and progressive fashion, neuromus-
cular adaptations will occur and subsequently
permit the patient to return to competitive
situations with confidence that the dynamic
mechanisms will protect the joint from sublux-
ation and reinjury.

Clinical Decision-Making Exercise 6-1

Following a grade 2 ankle sprain and a reha-
bilitation program to regain strength in the lateral
lower leg muscles, your soccer patient continues to
sustain repeated inversion ankle injuries during
cutting maneuvers. What components of neuro-
muscular control might be deficient in this patient?
What type of rehabilitation exercises should you
implement to enhance neuromuscular control?

Neuromuscular Characteristics

Peripheral Afferent Receptors

The foundation for feedback and feedfor-
ward neuromuscular control is based on reli-
able motion, position, and force information.
Altered peripheral afferent information can
disrupt motor control and functional stability.
Closed kinetic chain exercises create axial loads
that maximally stimulate articular receptors,
especially near the end range of motion (ROM),
while tenomuscular receptors are excited by
changes in length and tension.30,61,80,153,154,161
Open chain activities may require more con-
scious awareness of limb position because of
the non-constrained and freely moving distal
segment. Performing open or closed chain
exercises under weighted conditions increases
the level of difficulty and coactivation, which
may be used as a training stimulus.97 Chronic
athletic participation can also enhance proprio-
ceptive and kinesthetic acuity by repeatedly
facilitating afferent pathways from peripheral
receptors. Highly conditioned patients demon-
strate greater appreciation of joint kinesthesia
and more accurately reproduce limb position
than sedentary controls do.%104.108 Whether
this is a congenital endowment or a training
adaptation, greater awareness of joint motion



and position can improve feedforward and
feedback neuromuscular control.104

Muscle Stiffness

Muscle stiffness has a significant role in pre-
paratory and reactive dynamic restraint by resist-
ing and absorbing joint loads.75111,113,114,145
Therefore, exercise modes that optimize muscle
stiffness should be encouraged during rehabili-
tation. Research by Bulbulian and Bowles23 and
Pousson et all28 has established that eccentric
loading increases muscle tone and stiffness,
and several authors have demonstrated increas-
es in muscle stiffness with isometric load-
ing.17:24.93.94 The GTO receptor is normally
associated with muscle inhibition and, thus,
protects the tenomuscular unit from excessive
strain. However, chronic overloading of the
musculotendinous unit may result in connec-
tive tissue proliferation around GTOs that, in
effect, desensitizes this mechanoreceptor to
muscle tension. If this inhibitor effect can be
decreased, reactive muscle stiffening may be
facilitated through increased muscle spindle
activity.74 It is also known that during function-
al activities, GTO inhibition reverses and may
actually enhance muscle recruitment.82 Such
evolutions impact both the neuromuscular and
tendinous components of stiffness.23:58118,128

Training techniques that emphasize low
loads and high repetitions cause connective
tissue adaptations similar to those found with
eccentric training. However, increased muscle
stiffness resulting from this rehabilitation tech-
nique can be attributed to fiber type transi-
tion.>8:74:92,95 Slow-twitch fibers have longer
cross-bridge cycle times and can maintain the
prolonged, low-intensity contractions nec-
essary for postural control.?> In the animal
model, Goubel and Marini8 found that low-
load/high-repetition training resulted in higher
muscle stiffness compared to strength training.
However, Kyréldinen and Komi’s?> analysis of
power- and endurance-trained patients inferred
that muscle stiffness was greater in the power-
trained individuals because the onset of muscle
preactivation (electromyography) was faster
and higher prior to joint loading. It appears that
endurance training might enhance stiffness by
increasing the baseline motor tone and cross-
bridge formation time, whereas power training
alters the rate and magnitude of muscle tension
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during preactivation. Both of these adaptations
readily adhere to existing principles of progres-
sive rehabilitation, where early strengthening
exercises focus on low loads with high rep-
etitions, progressing to shorter, more explosive,
sport-specific activities. Research assessing the
efficacy of low-load/high-repetition training
vs high-load/low-repetition training would be
beneficial for optimizing muscle stiffness and
functional progression in the injured patient.

Reflex Muscle Activation

Various training modes also cause neu-
romuscular adaptations that might account
for discrepancies in the reflex latency times
between power- and endurance-trained
patients. Sprint- and/or power-trained individ-
uals have more vigorous reflex responses (ten-
don-tap) relative to sedentary and endurance-
trained samples.88.8%150 McComas!12 suggests
that strength training increases descending
(cortical) drive to the large motor nerves of
skeletal muscle and the small efferent fibers to
muscle spindles, referred to as alpha-gamma
coactivation. Increasing both muscle tension
and efferent drive to muscle spindles results in
a heightened sensitivity to stretch, consequent-
ly reducing reflex latencies.” Melvill-Jones!15
suggests that the stretch reflexes are superim-
posed on preprogrammed muscle activity from
higher centers, illustrating the concomitant use
of feedforward and feedback neuromuscular
control for regulating preparatory and reac-
tive muscle stiffness. Therefore, preparatory
and reactive muscle activation might improve
dynamic stability and function if muscle stiff-
ness is enhanced in a mechanically insufficient
or reconstructed joint.

A limited number of clinical training stud-
ies have been directed at improving reaction
times.12.76,157 Thara and Nakayama’6 signifi-
cantly reduced the latency of muscle reactions
during a 3-week period by inducing perturba-
tions to patients on unstable platforms. Several
other researchers later confirmed this find-
ing with rehabilitation programs designed to
improve reflex muscle activation.12:157 Beard et
all2 and Wojtys et all57 suggest that agility-type
training in the lower extremity produces more
desirable muscle reaction times compared to
strength training. This research has signifi-
cant implications for reestablishing the reactive
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Figure 6-3. Biofeedback training reestablishes
discriminative muscle control, eliminating muscle
imbalance and promoting functionally specific
muscle activation patterns.

capability of the dynamic restraint system.
Reducing EMD between protective muscle acti-
vation and joint loading can increase dynam-
ic stability and function. Fitzgerald et al47:48
describe a perturbation training program that
is dependent on a sense of force feedback.
Patients are exposed to rotatory and transla-
tory movement that progress from predictable
perturbations to random, and from small/slow
movements to those that are large/fast. Key
instruction for the success of the exercises is to
match the perturbation but not under- or over-
react. This is critical to the concept of optimal
stiffness regulation. Overstiffening a muscle/
joint complex may provide stability but is not
functional, while understiffening may permit
episodes of “giving way” or “buckling.”
Surgical reconstruction presents a challenge
to the rehabilitation process. Controlled load-
ing of the graft via rehabilitation facilitates the
“ligamentization” process, during which the
morphological properties of a tendon auto-
graft (eg, the patellar tendon following ACL
reconstruction) gradually reflect those of liga-
ment,*>141 and mechanical stability is restored
to the joint.1557 However, sensory informa-
tion derived from the joint is compromised
due to the loss of mechanoreceptors in the
native ligament, resulting in sensory and motor
deficits.26,36,100 The rehabilitation process also
appears to facilitate reinnervation of graft tissue
by peripheral receptors and reestablishment of
ligament stress-elicited reflexes.8:123.148 These

changes highlight the essential of rehabilitation
in reestablishing neuromuscular control.

Discriminative Muscle Activation

In addition to reactive muscle firing, uncon-
scious control of muscle activity is critical for
coordination and balancing joint forces. This
is most evident relative to the force couples
described for the shoulder complex. Restoring
the force couples of agonists and antagonists
might initially require conscious, discrimi-
native muscle activation before unconscious
control is reacquired. Biofeedback training pro-
vides instantaneous sensory feedback concern-
ing specific muscle contractions and can help
patients correct errors by consciously alter-
ing or redistributing muscle activity.11-5> The
objective of biofeedback training is to reac-
quire voluntary muscle control and promote
functionally specific motor patterns, eventu-
ally converting these patterns from conscious
to unconscious controll! (Figure 6-3). Using
biofeedback for discriminative muscle control
can help eliminate muscle imbalances while
reestablishing preparatory and reactive muscle
activity for dynamic joint stability.41,55

Elements for Neuromuscular Control

Proprioception and Kinesthesia

The objective of kinesthetic and proprio-
ceptive training is to restore the neurosen-
sory properties of injured capsuloligamentous



structures and enhance the sensitivity of unin-
volved peripheral afferents.197 To what degree
this occurs in conservatively managed patients
is unknown; however, ligament retensioning
and reconstruction coupled with extensive
rehabilitation does appear to normalize joint
motion and position sense.10,103,123

Joint compression is believed to maximally
stimulate articular receptors and can be accom-
plished with closed chain exercises throughout
the available ROM.30,61,80,153,154 Early joint-
repositioning tasks enhance conscious proprio-
ceptive and kinesthetic awareness, eventually
leading to unconscious appreciation of joint
motion and position. Applying a neoprene
sleeve or elastic bandage can provide addi-
tional proprioceptive and kinesthetic informa-
tion by stimulating cutaneous receptorsi®-12>
(Figure 6-4). The enhanced somatosensory
function afforded by stimulating cutaneous
receptors leads to improved neuromuscular
function during motor tasks such as gait.33-35
Exercises that simultaneously involve the non-
injured limb may help reestablish conscious
awareness of joint position, motion, and load
in the injured extremity. To increase the level
of difficulty, these exercises can be performed
under moderate loads.9”

Dynamic Stabilization

The objective of dynamic joint stabilization
exercises is to encourage preparatory agonist/
antagonist coactivation. Efficient coactivation
restores the force couples necessary to bal-
ance joint forces and increase joint congruency,
thereby reducing the loads imparted to the
static structures. Dynamic stabilization from
muscles requires anticipating and reacting to
joint loads. This includes placing the joint in
positions of vulnerability where dynamic sup-
port is established under controlled conditions.
Balance and stretch-shortening exercises (eg,
plyometrics) require both preparatory and reac-
tive muscle activity through feedforward and
feedback motor control systems, while closed
kinetic chain exercises are excellent for induc-
ing coactivation and compression. Chimura
et al2” and Hewett et al® have confirmed that
stretch-shortening exercises increase muscle
coactivation and enhance coordination.
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Figure 6-4. Neoprene sleeves stimulate cutaneous
receptors, providing additional sensory feedback
for joint motion and position awareness.

Reactive Neuromuscular Control

Reactive neuromuscular training focuses on
stimulating the reflex pathways from articular
and tenomuscular receptors to skeletal muscle.
Although preprogrammed muscle stiffness can
enhance the reactive capability of muscles by
reducing reflex latency time, the objective is to
generate joint perturbations that are not antici-
pated, stimulating reflex stabilization. Persistent
use of these reflex pathways can decrease the
response time and develop reactive strategies to
unexpected joint loads.64 Furthermore, Caraffa
et al?> significantly reduced the incidence of
knee injuries in soccer players who performed
reactive type training.

Fitzgerald et al#748 observed that muscle
activity and biomechanical markers of gait
normalized in patients who underwent pertur-
bation training after knee injuries. All reactive
exercises should induce unanticipated joint
perturbations if they are expected to facilitate
reflex muscle activation. Reflex-mediated mus-
cle activity is a crucial element in the dynamic
restraint mechanism and should complement
preprogrammed muscle activity to achieve a
functionally stable joint.

Functional Activities

The objective of functional rehabilitation is
to return the patient to preinjury activity levels
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Table 6-1 Elements, Rehabilitation Techniques, and
Afferent/Efferent Characteristics Necessary for Restoring
Proprioception and Neuromuscular Control

while minimizing the risk of reinjury.!4! This
may require video analysis and consultation
with the coaching staff to identify and correct
faulty mechanics or movement techniques. The
goals include restoring functional stability and
sport-specific movement patterns or skills, then
using functional tests to assess the patient’s
readiness to return to full participation.

Functional activities incorporate all of the
available resources for stimulating peripher-
al afferents, muscle coactivation, and reflex
and preprogrammed motor control. Emphasis
should be placed on sport-specific techniques,
including positions and maneuvers where
the joint is vulnerable. With repetition and
controlled intensity, muscle activity (prepara-
tory and reactive) gradually progresses from
conscious to unconscious motor control.82
Implementing these activities will help patients
develop functionally specific movement rep-
ertoires within a controlled setting, decreas-
ing the risk of injury upon completion of
rehabilitation.

Understanding the afferent and efferent
characteristics that contribute to joint sensa-
tion, dynamic stabilization, reflex activity, and
functional motor pattern is necessary for rees-
tablishing neuromuscular control and func-
tional stability (Table 6-1).

Lower Extremity Techniques

Many activities that promote neuromuscu-
lar control in the lower extremity exist in tradi-
tional rehabilitation schemes. Early kinesthetic
training and joint repositioning tasks can begin
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Figure 6-5. “Kickers” use an elastic band fixed to the distal aspect of the involved or
uninvolved limb. The patient attempts to balance while executing short kicks with either knee
extension or hip flexion. This exercise is most difficult when performed on unstable surfaces.

to reestablish reflex pathways from articular
afferents to skeletal motor nerves, the muscle
spindle system, and cortical motor control cen-
ters, while enhancing muscle stiffness increases
the stretch sensitivity of tenomuscular recep-
tors. Increased muscle stiffness and tone will
heighten the stretch sensitivity of tenomuscular
receptors, providing additional sensory infor-
mation concerning joint motion and position.

These techniques should focus on individual
muscle groups that require attention and prog-
ress from no weight to weight assisted. The use
of closed chain activities is encouraged because
they replicate the environment specific to lower
extremity function. Partial weightbearing, in
pools or with unloading devices, simulates the
open and closed chain environments without
subjecting the ankle, knee, or hip to exces-
sive joint loads.84 The closed chain nature of
these exercises creates joint compression, thus
enhancing joint congruency and neurosensory
feedback, while minimizing shearing forces
on the joints.124 Early dynamic joint stabiliza-
tion exercises begin with balance training and
partial weightbearing on stable surfaces, pro-
gressing to partial weightbearing on unstable
surfaces. Balancing on unstable surfaces is
initiated once full weightbearing is achieved.
Exercises such as “kickers” also require balance
and can begin on stable surfaces, progressing to
unstable platforms (Figure 6-5).

Slide board training and basic strength exer-
cises can be instituted to stimulate coactivation

while increasing muscular force and endur-
ance. Strength exercises focus on eccentric and
endurance-type activities in a closed kinetic
orientation, further enhancing dynamic stabil-
ity through increases in preparatory muscle
stiffness and reactive characteristics. Eccentric
loading is accomplished by activities such as
forward and backward stair climbing or back-
ward downhill walking. Strength and balance
exercises can be combined and executed with
light external forces to increase the level of dif-
ficulty (Figure 6-6).

Biofeedback can also help patients trying to
develop agonist/antagonist coactivation dur-
ing strength exercises. Biofeedback provides
additional information concerning muscle
activation and encourages voluntary muscle
activation by facilitating efferent pathways.
Reeducating injured patients through selective
muscle activation is necessary for dynamic sta-
bilization and neuromuscular control.160

Stretch-shortening exercises are a necessary
component for conditioning the neuromus-
cular apparatus to respond more quickly and
forcefully, permitting eccentric deceleration
followed immediately by explosive concentric
contractions.! Stretch-shortening exercises
need not be withheld until the late stages of
rehabilitation. There is a variety of plyometric
activities, and intensity can be controlled by
manipulating the load, ROM, or number of rep-
etitions. Stretch-shortening movements require
both preparatory and reactive muscle activities
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Figure 6-6. Balance and strength exercises are combined by incorporating light external
forces and increasing the level of difficulty for balancing while strengthening the muscles

required for dynamic stabilization.

Figure 6-7. Plyometrics begin with double-leg hopping and progress to single-leg hopping.

along with the related changes in muscle stiff-
ness. This preparatory muscle activation prior
to eccentric loading is considered to be a
combination of preprogrammed and reactive
motor commands. Plyometric activities such
as unweighted walking in a pool or low-impact
hopping may commence once weightbearing is
achieved (Figure 6-7). Double-leg bounding is
an effective intermediate exercise because the
uninvolved limb can be used for assistance.
Stretch-shortening activities are made more
difficult with alternate-leg bounding, then sin-
gle-leg hopping. Subsequent activities such as
hopping with rotation, lateral hopping, and
hopping onto various surfaces are instituted as

tolerated. Plyometric training requires prepara-
tory muscle activation and facilitates reflexive
pathways for reactive neuromuscular control.

Clinical Decision-Making Exercise 6-3

A female cross-country runner complains of chron-
ic anterior knee pain. Your assessment reveals that
she has patellofemoral pain and stiffness with
associated hypertrophy of her vastus lateralis and
atrophy in the vastus medialis oblique. What
modalities would you use to correct this muscular
imbalance? Discuss the rationale for each modality
and how it relates to neuromuscular control.66
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Figure 6-8. An unstable platform promotes reactive muscle activity when a patient attempts to balance
and a clinician manually perturbs the platform. (A) Wobble board. (B) Biomechanical Ankle Platform

System (BAPS) board (Spectrum Therapy Products).

Rhythmic stabilization exercises should be
included during early rehabilitation to enhance
lower extremity neuromuscular coordination
and reaction to unexpected joint perturba-
tions. The intensity of rhythmic stabilization
is increased by applying greater joint loads and
displacements. Foot pass drills are also effective
for developing coordinated preparatory and
reactive muscle activity; begin with large balls
and progress to smaller balls. In Figure 6-6,
balance and strength exercises are combined by
incorporating light external forces and increas-
ing the level of difficulty for balancing while
strengthening the muscles required for dynam-
ic stabilization.

Unstable platforms are used to manual-
ly induce linear and angular perturbations
to the joint, altering the patient’s center of
gravity while the patient attempts to balance
(Figure 6-8). These exercises can facilitate
adaptations to reflex pathways mediated by
peripheral afferents, resulting in reactive mus-
cle activation. Ball tossing can be incorporated
in conjunction with balance exercises. This
dual tasking creates cognitive loads that may
disrupt concentration and help promote reac-
tive adaptations, and it induces greater changes
in location of the center of mass by requir-
ing upper extremity motion, thus making the
task more challenging to the sensorimotor
system. Walking and running in sand also

requires similar reactive muscle activity and
can enhance reflexive joint stabilization.

During the later stages of rehabilitation,
reactive neuromuscular activity incorporates
trampoline hopping. The patient begins by
hopping and landing on both feet, progressing
to hopping on 1 foot, and hopping with rota-
tion. The most difficult reactive tasks include
hopping while catching a ball, or hopping off
of a trampoline onto various landing surfaces
such as artificial turf, grass, or dirt.

Functional activities begin with restoring
normal gait. Clinicians can give verbal instruc-
tion or use a mirror to help patients internalize
normal kinematics during the stance and swing
phases. This includes backward (retro) walk-
ing, which has been shown to further facilitate
hamstring activation and balance. If a pool or
unloading device is available, crossover walk-
ing and figure 8s can begin, progressing to
jogging and hopping as tolerated. Functional
activities during partial weightbearing help
restore motor patterns without compromising
static restraints. Weightbearing activities are
continued on land with the incorporation of
acceleration and deceleration and pivot maneu-
vers. Drills such as jogging, cutting, and cario-
cas are initiated, gradually increasing the speed
of maneuvers.

The most difficult functional activities are
designed to simulate the demands of individual
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sports and positions and may require input from
the coaching staff. Activities such as shuttle
runs, carioca crossovers, retro sprinting and
forward sprinting are implemented with sport-
specific drills such as fielding a ball, receiv-
ing a pass, and dribbling a soccer ball (see
Chapter 16).

Clinical Decision-Making Exercise 6-4

A volleyball player is recovering from an Achilles/
gastrocnemius strain. Develop plyometric exer-
cises that can be implemented in each stage of
rehabilitation. What would your rationale be for
integrating these activities into the patient’s reha-
bilitation? Describe the neuromuscular adapta-
tions that you expect to occur.

Upper Extremity Techniques

Contrary to the lower extremity, the gleno-
humeral joint lacks inherent stability from cap-
suloligamentous structures; therefore, dynamic
mechanisms are even more crucial for main-
taining functional stability.63:152 The difficulty
of working with a diverse array of shoulder
positions and velocities is compounded by
shearing forces associated with manipulating
the upper extremity in an open kinetic chain
environment.!>2 Maintaining joint congruency
and functional stability requires coordinated
muscle activation for dynamic restraint while
complex movement repertoires are executed.103

Two distinct types of muscle have been iden-
tified in the shoulder girdle and are primarily
responsible for either stabilization or initiating
movement. The orientation and size of the sta-
bilizing muscles, referred to as the rotator cuff,
are not suited for creating joint motion, but
are more capable of steering the humeral head
in the glenoid fossa.l03 Larger muscles (pri-
mary movers) with insertion sites further from
the glenohumeral joint have greater mechani-
cal advantage for initiating joint motion.98.103
Maintaining proper joint kinematics requires
balancing the external forces and internal
moments while limiting excessive translation
of the humeral head on the glenoid fossa and
restoring appropriate coupling of the rotator
cuff and prime movers.

Injury to the static structures can result
in diminished sensory feedback and altered
kinematics of the scapulothoracic and gle-
nohumeral joints. Moreover, failure of the
dynamic restraint system exposes the static
structures to excessive or repetitive loads, jeop-
ardizing joint integrity and predisposing the
patient to reinjury. Surgery is the most effective
means of restoring sensorimotor function long-
term#105.127; however, this avenue is not always
an option. Therefore, developing or restoring
neuromuscular control in the upper extremity
through rehabilitation exercises is an important
component for the eventual return to func-
tional activities. Evidence supporting specific
rehabilitation techniques is lacking, but critical
review of the scientific literature produces rec-
ommendations for implementation to produce
best results.

There is general agreement that achieving
scapular control early in the rehabilitation pro-
gram is imperative.86:119:147 Exercises focusing
on scapular retraction as a starting position
for all subsequent activities should be incorpo-
rated for restoring optimal shoulder complex
function and reducing one’s risk for secondary
injury. To achieve this position, exercises to
increase activation of the lower trapezius and
serratus anterior while simultaneously mini-
mizing activation of the upper trapezius are
appropriate. Recent research suggests the fol-
lowing exercises: side-lying external rotation,
side-lying forward flexion, prone extension,
and prone horizontal abduction with external
rotation.3” The serratus anterior is also acti-
vated during the push-up plus, which can be
progressed by elevating the patient’s feet.109

Activities to enhance proprioceptive and
kinesthetic awareness in the upper extrem-
ity emulate techniques discussed for the lower
extremity. Research advocates use of closed
kinetic chain activities early in upper extremity
rehabilitation to promote afferent feedback and
coactivation, which may include weight shifts,
table slides, and wall slides.22:87 A closed kinet-
ic chain environment introduces axial loads
and muscle coactivation, the resultant joint
approximation stimulates capsuloligamentous
mechanoreceptors, similar to lower extremity
activities.103,153 Stretch-shortening (plyomet-
ric) exercises in the overhead patient have been
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Figure 6-9. Active and passive repositioning activities
should be performed in functional positions specific to
individual sports.

shown to improve proprioception. Multiplanar
joint repositioning tasks are performed actively
and passively to maximize the increased ROM
available in the shoulder. Functional positions
such as overhead throwing should be incorpo-
rated and are more sport-specific (Figure 6-9).
Muscle stiffness can be enhanced by using
elastic resistance tubing or a plyoball with an
inclined trampoline, concentrating on the eccen-
tric phase, and performing high repetitions with
low resistance.l46 These exercises are also well
established for strengthening and recondition-
ing the rotator cuff muscles in functional pat-
terns. To complement elastic tubing exercises,
clinicians can use commercially available upper
extremity ergometers for endurance training.
Like similar exercises for the lower extremity,
dynamic stabilization exercises for the shoulder

Figure 6-10. Dynamic stabilization exercises for the
upper extremity. (A) Push-ups. (B) Horizontal abduction
on a slide board. (C) Wax-on/wax-off on slide board.

use unstable platforms to create linear and
angular joint displacement, maximally stimu-
lating coactivation. The intensity is controlled
by manipulating the degree of joint displace-
ment and loading. Three closed chain exercises
have been described to stimulate coactivation
in the shoulder: push-ups, horizontal abduction
on a slide board, and tracing circular motions
on a slide board with the dominant and non-
dominant arms103 (Figure 6-10). These exercis-
es accommodate for the individual’s tolerance
to joint loads by progressing from a quadruped
to a push-up position. Multidirectional slide
board exercises also require dynamic stabi-
lization while concomitantly using feedfor-
ward and feedback neuromuscular control.
Plyometric exercises with varying ball weights
and distances for advancement are also excel-
lent for conditioning preparatory and reactive
muscle coactivation and can be advanced by
increasing the weight of the ball, varying the
distance, and introducing multiplanar move-
ments (Figure 6-11).146
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Figure 6-11. Upper extremity plyometric exercises with
a heavy ball require preparatory and reactive muscle
activation.

Figure 6-13. Rhythmic stabilization exercises should
include simulated positions of vulnerability, promoting
neuromuscular adaptations to dynamic stabilization.

Reactive neuromuscular characteristics are
facilitated by manually perturbing the upper
extremity while the patient attempts to main-
tain a permanent position. During the early
phases of rehabilitation, light loads are used
with rhythmic stabilization exercises. As the
patient progresses, resistance is added to maxi-
mize muscle activation (Figure 6-12). Positions

Figure 6-12. Elastic bands are used during rhythmic
stabilization exercises to create joint loads and facilitate
muscle activation.

where the joint is inherently unstable must
be incorporated, but under controlled inten-
sity (Figure 6-13). Increased joint loads during
rhythmic stabilization exercises mimic closed
chain environments and conditions the patient
for more difficult reactive drills under weighted
conditions on stable surfaces and unstable plat-
forms (Figure 6-14).

Clinical Decision-Making Exercise 6-5

During preparticipation physicals, you note that
one of the tennis players has a history of infe-
rior glenohumeral dislocation and, as a result,
excessive laxity. The surrounding musculature
appears strong, but the patient continues to have
sensations of instability. What is the nature of this
patient’s problem, and what exercises would you
use to improve dynamic stability of the rotator
cuff muscles? Justify your decision to incorporate
these exercises.

Functional training for the upper extremity
most often involves developing motor patterns
in the overhead position, whether it be shoot-
ing a basketball, throwing, or hitting as in
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Figure 6-14. Linear displacements produced by
a clinician facilitate reflex pathways for dynamic
stabilization in the upper extremity.

Figure 6-15. Exercises to enhance neuromuscular control. (A) Two-arm push press. (B) Multiplanar hops to stabilization.

(C) Single-leg pull-down using cable or tubing. (continued)

volleyball and tennis. However, special consid-
erations are necessary for other sports such as
rowing, wrestling, and swimming, which rely
heavily on the upper extremity.

FUNCTIONAL ACTIVITIES

Functional activities that involve a combi-
nation of strength training, balance, and core
stability performed through multiple planes of
movement should incorporate the entire kinetic
chain, as they need to reproduce the demands
of specific events. Beginning with slower veloci-
ties and conscious control, activities eventually
progress to functional speeds and unconscious
control. Technique, rather than speed, should
be emphasized to promote the appropriate

muscle activation patterns along the kinetic
chain and avoid faulty mechanics. Reeducating
functional motor patterns involves all of the
elements for dynamic restraint and neuromus-
cular control and will minimize the risk of
reinjury upon returning to full participation.
Figure 6-15 provides examples of exercises that
can be used to enhance neuromuscular control.

Clinical Decision-Making Exercise 6-6

A wrestler is performing rehabilitation for a grade
2 medial collateral ligament sprain. His rehabili-
tation is in the final stage, and you would like to
incorporate functional exercises into the protocol.
Considering the specific demands related to this
sport, develop a progression of functional exercises
for this patient’s return to full participation.
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Figure 6-15 (continued). Exercises
to enhance neuromuscular control.
(D) Standing dumbbell squat to curl.
(E) Single-leg, two-arm dumbbell cobra.
(F) Dumbbell squat to overhead press.
(G) Step-up double-leg balance to
overhead press. (H) Standing single-leg
dumbbell biceps curls. () Multiplanar
dumbbell lunges. (J) Front lunge balance
to one-arm press. (K) Squat overhead
press. (L) Step-up single-leg balance to
overhead press. (continued)
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Figure 6-15 (continued). Exercises to enhance neuromuscular control. (M) Single-leg one-arm dumbbell
proprioceptive neuromuscular facilitation. (N) Single-leg Romanian dead lift to overhead press. (O) Single-leg,

two-arm chest press using cable.

The speed and complexity of movements
in athletic competition requires rapid integra-
tion of sensory information by feedforward
and feedback neuromuscular control systems.
Although many peripheral, spinal, and cortical
elements contribute to the neuromuscular con-
trol system, dynamic joint stabilization is con-
tingent upon both cortically programmed acti-
vation and reflex-mediated muscle activation.
Disrupted joint kinematics, muscle activation
patterns, and conditioning can contribute to
disruption of the dynamic restraint system and
must be reestablished for functional stability.

SUMMARY

1. The efferent response to peripheral affer-
ent information is termed neuromuscular
control.

2. Injury to capsuloligamentous structures
compromises both the static and dynamic
restraining mechanisms of joints.

3. The primary role of articular structures is
to guide skeletal segments providing static
restraint, but they also contain mechanore-
ceptors that mediate the dynamic restraint
mechanism.

4. Articular sensations are coupled with infor-
mation from tenomuscular and cutaneous

mechanoreceptors, via cortical and reflex
pathways, providing conscious and uncon-
scious appreciation of joint motion and
position.

. Muscle spindles have received special con-

sideration for their capacity to integrate
peripheral afferent information and reflex-
ively modify muscle activity.

. Feedforward and feedback neuromuscular

control use sensory information for prepa-
ratory and reactive muscle activity.

. The degree of muscle activation largely

determines a muscle’s resistance to length-
ening, or stiffness. Muscles with greater
stiffness can assist the dynamic restraint
mechanism by resisting joint perturbation.

. To reestablish neuromuscular control and

functional stability, clinicians may use
specific rehabilitation techniques—includ-
ing closed kinetic chain activities, bal-
ance training, eccentric and high-repeti-
tion/low-load exercises, reflex facilitation
through reactive training, stretch-short-
ening activities, and biofeedback training.

. Rehabilitative techniques produce adapta-

tions in the sensitivity of peripheral recep-
tors and facilitation of afferent pathways,
agonist/antagonist coactivation, muscle
stiffness, the onset rate and magnitude of



166

10.

11.

Chapter 6

muscle activity, reflex muscle activation,
and discriminatory muscle activation.

Afferent and efferent characteristics reg-
ulate the 4 elements critical to neuro-
muscular control and functional stability:
proprioception and kinesthesia, dynamic
stabilization, reflex muscle activation, and
functional motor patterns.

Each phase of traditional rehabilitation
can incorporate the appropriate activi-
ties, emphasizing each of the 4 elements,
according to the individual’s tolerance
and functional progression. By integrating
these elements into the rehabilitation of
injured patients, clinicians can maximize
the contributions of the dynamic restraint
mechanisms to functional stability.
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SOLUTIONS TO CLINICAL
DECISION-MAKING
EXERCISES

Exercise 6-1. In addition to strength restora-
tion, rehabilitation should focus on reestablish-
ing neurosensory properties of the injured liga-
ment. Balance, perturbation, and agility exer-
cises should be used to restore proprioception
and kinesthesia elements, as well as to enhance
reflexive pathways. Closed kinetic chain exer-
cises increase joint congruency and neuro-
sensory feedback necessary for reestablishing
dynamic stability. Taping or bracing the ankle
will provide stability during rehabilitation and
practice, but also will facilitate additional effer-
ent feedback from cutaneous receptors.

Exercise 6-2. Prevention programs should
concentrate on preparatory and reactive muscle
contractions to enhance motor coordination
and muscle stiffness of the lower extremity. To
achieve these goals, balance, agility, and sports-
specific activities should be incorporated into
prevention programs. Benefits of balance and
agility training are enhanced proprioception,
kinesthesia, and reactive muscle activation.
Functional activities integrate these neuromus-
cular elements and should be performed in
controlled, isolated movements and progressed
to multidirectional complex activities (eg, ball
dribbling around cones to ball dribbling and
cutting against a defender).
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Exercise 6-3. The athletic trainer should
recognize that strength and voluntary muscle
control of the vastus medialis oblique must be
reestablished to achieve balanced coactivation
between the vastus lateralis and vastus medialis
oblique. Biofeedback training provides sen-
sory feedback, as well as visual and/or auditory
encouragement, for selective voluntary muscle
control of the vastus medialis oblique.

Exercise 6-4. Research supports the use
of plyometric training to increase strength
and performance. Theories regarding neuro-
muscular benefits include restoration of func-
tional motor programs, heightened reflexes,
and increased proprioceptive awareness.
Incorporation of plyometric exercises in the
early stages of rehabilitation when the patient
is not bearing weight should use elastic tubing
for resistance in sitting, supine, and prone posi-
tions. As the patient is able to bear more weight,
exercises should be progressed from two-legged
to one-legged exercises. The range of exer-
cises should be taken into consideration and
gradually increased according to the patient’s
strength and level of pain. Activities that can
be easily modified in this manner include
forward-to-backward and lateral hopping and
jumping maneuvers. Exercises should not be
performed at too great a speed—faster move-
ments can harm the healing tissues.

Exercise 6-5. The rotator cuff muscles are
not functioning properly to fulfill their stabi-
lizing role at the glenohumeral joint. Rotator
cuff strength should be assessed and imbal-
ances remedied through strengthening and
closed kinetic chain exercise. Benefits of closed
kinetic chain exercises are increased joint con-
gruency and enhanced force-couple coactiva-
tion. Strength-shortening, or plyometric, exer-
cises promote preparatory and reactive muscle
activity, encourage muscle coactivation, and
improve proprioception. The importance of
proper technique in rehabilitation exercises and
sport movements must be addressed. Verbal
feedback from the athletic trainer and visual
feedback using a mirror can be used to develop
proper motor patterns. In this stage of reha-
bilitation, a coach’s critique and information
obtained from motion analysis are advanta-
geous and allow the athletic trainer to tailor the
patient’s protocol to specific needs.
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Exercise 6-6. Functional activities incorpo-
rate a variety of stimuli so that the body must
simultaneously integrate and efficiently use
multiple elements of neuromuscular control to
maintain function and stability. For the wres-
tler, factors that should be modified to progress
from easy to difficult, as well as from isolated
to combined, movements are (1) changing lev-
els (eg, high vs low body position); (2) lateral
movements (ie, side shuffles); and (3) rational

movements (eg, carioca, pivot). Surface and
axial load can be modified to progress the level
of difficulty of exercises. A hard, flat surface
can be changed to a softer, unstable surface
(eg, foam and mat). Weight vests or belts can
be used to increase the axial load, thus enhanc-
ing stimulation of articular and tenomuscular
receptors. It is also beneficial to receive feed-
back concerning technique and style from the
coaching staff during this stage.

Please see videos on the accompanying website at
www.healio.com/books/sportsmedvideos7e
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Although maintaining balance while stand-
ing may appear to be a simple motor skill for
able-bodied athletes, this feat cannot be taken
for granted as it is a complex process involv-
ing multiple systems and inputs. Muscular
weakness, proprioceptive deficits, and range of
motion (ROM) deficits may challenge a person’s
ability to maintain his or her center of gravity
(COG) within the body’s base of support, or,
in other words, cause him or her to lose bal-
ance. Balance is the single most important ele-
ment dictating movement strategies within the
closed kinetic chain. Acquisition of effective
strategies for maintaining balance is essential
for athletic performance.

Although balance is often thought of as a
static process, it is actually a highly integrative
dynamic process involving multiple central and
peripheral neurologic pathways. Although bal-
ance is the more commonly used term, postural
equilibrium is a broader term that involves the
alignment of joint segments in an effort to
maintain the COG within an optimal range of
the maximum limits of stability (LOS).

Despite often being classified at the end of
the continuum of goals associated with thera-
peutic exercise,50 maintenance of balance is a
vital component in the rehabilitation of brain
and joint injuries that should not be over-
looked. Traditionally, orthopedic rehabilita-
tion has placed the emphasis on isolated joint
mechanics, such as improving ROM and flex-
ibility, and increasing muscle strength and
endurance, rather than on afferent information
obtained by the joint(s) to be processed by the
postural control system. Additionally, rehabili-
tation following traumatic brain injury/concus-
sions has only recently been at the forefront of
management options.””

Research in the area of proprioception and
kinesthesia has emphasized the need to train
the joint’s neural system.51-55 Joint position
sense, proprioception, and kinesthesia are vital
to all athletic performance requiring balance.
Current rehabilitation protocols should there-
fore focus on a combination of open and closed
kinetic chain exercises. The necessity for a
combination of open and closed kinetic chain
exercises can be seen during gait (walking or
running), as the foot and ankle prepare for
heel strike (open chain) and prepare to control

the body’s COG during midstance and toe off
(closed chain). Concerning concussion, recent
evidence suggests that balance training and
vestibular specific training in individuals with
these deficits can improve outcomes.”” As such,
these types of activities should be considered in
the management of concussion.

This chapter focuses on the postural con-
trol system, various balance training tech-
niques, and technologic advancements that are
enabling athletic trainers to assess and treat
balance deficits in physically active people.

POSTURAL CONTROL SYSTEM

To design effective rehabilitation programs,
the athletic trainer must first have an under-
standing of the postural control system and
its various components. The postural control
system uses complex processes involving both
sensory and motor components. Maintenance
of postural equilibrium includes sensory detec-
tion of body motions, integration of senso-
rimotor information within the central nervous
system (CNS), and execution of appropriate
musculoskeletal responses. Most daily activi-
ties, such as walking, climbing stairs, reaching,
or throwing a ball, require static foot placement
with controlled balance shifts, especially if a
favorable outcome is to be attained. So, bal-
ance should be considered both a dynamic and
static process. The successful accomplishment
of static and dynamic balance is based on the
interaction between body and environment.4?
Figure 7-1 shows the complexity of this dynam-
ic process.

From a clinical perspective, separating the
sensory and motor processes of balance means
that a person may have impaired balance for
one or a combination of 2 reasons: the position
of the COG relative to the base of support is not
accurately sensed for either peripheral or cen-
tral reasons, and/or the automatic movements
required to bring the COG to a balanced posi-
tion are not timely or effectively coordinated.6”
The position of the body in relation to gravity
and its surroundings is sensed by combining
visual, vestibular, and somatosensory inputs.
Balance movements also involve motions of
the ankle, knee, and hip joints, which are con-
trolled by the coordinated actions along the
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Figure 7-2. Paired relationships between major postural musculatures that execute coordinated

actions along the kinetic chain to control the COG.

kinetic chain (Figure 7-2). These processes are
all vital for producing both normal, everyday
movements such as gait as well as fluid, sport-
related movements.

CONTROL OF BALANCE

The human body is a very tall structure bal-
anced on a relatively small base, and its COG
is quite high, being just above the pelvis. Many
factors enter into the task of controlling balance
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within the base of support. Balance control
involves a complex network of neural connec-
tions and centers that are related by peripheral
and central feedback mechanisms.38

The postural control system operates as
a feedback control circuit between the brain
and the musculoskeletal system. The sources
of afferent information supplied to the pos-
tural control system collectively come from
visual, vestibular, and somatosensory inputs.
The involvement of the CNS in maintaining
upright posture can be divided into 2 compo-
nents. The first component—sensory organi-
zation—involves those processes that deter-
mine the timing, direction, and amplitude of
corrective postural actions based upon infor-
mation obtained from the vestibular, visual,
and somatosensory (proprioceptive) inputs.63
Despite the availability of multiple sensory
inputs, the CNS generally relies on only one
sense at a time for orientation information. For
healthy adults, the preferred sense for balance
control comes from somatosensory informa-
tion (ie, feet in contact with the support surface
and detection of joint movement).42:63 In con-
sidering orthopedic injuries, the somatosensory
system is of the most importance and is the
focus of this chapter.

The second component—muscle coordina-
tion—is the collection of processes that deter-
mine the temporal sequencing and distribution
of contractile activity among the muscles of the
legs and trunk that generate supportive reac-
tions for maintaining balance. Research sug-
gests that balance deficiencies in people with
neurologic problems can result from inappro-
priate interaction among the 3 sensory inputs
that provide orientation information to the pos-
tural control system. A patient may be inappro-
priately dependent on one sense for situations
presenting intersensory conflict.63.80

From a clinical perspective, stabilization
of upright posture requires the integration of
afferent information from the 3 senses, which
work in combination and are all critical to the
execution of coordinated postural corrections.
Impairment of one component is usually com-
pensated for by the remaining 2 components.
Often, one of the systems provides faulty or
inadequate information such as different sur-
faces and/or changes in visual acuity and/or
peripheral vision. In this case, it is crucial that

one of the other senses provides accurate and
adequate information so that balance may be
maintained. For example, when somatosensory
conflict is present, such as a moving platform
or a compliant foam surface, balance is signifi-
cantly decreased with the eyes closed compared
to eyes open.

Somatosensory inputs provide information
concerning the orientation of body parts to one
another and to the support surface.2568 Vision
measures the orientation of the eyes and head
in relation to surrounding objects, and plays an
important role in the maintenance of balance.
On a stable surface, closing the eyes should
cause only minimal increases in postural sway
in healthy patients. However, if somatosen-
sory input is disrupted because of ligamentous
injury, closing the eyes will increase sway sig-
nificantly.15.20.42,43,67 The vestibular apparatus
supplies information that measures gravita-
tional, linear, and angular accelerations of the
head in relation to inertial space. It does not,
however, provide orientation information in
relation to external objects and, therefore, plays
only a minor role in the maintenance of balance
when the visual and somatosensory systems are
providing accurate information.6?

SOMATOSENSATION AS IT
RELATES TO BALANCE

The terms somatosensation, propriocep-
tion, kinesthesia, and balance are often used to
describe similar phenomena. Somatosensation
is a more global term used to describe the
proprioceptive mechanisms related to postural
control. Consequently, somatosensation is best
defined as a specialized variation of the sensory
modality of touch that encompasses the sensa-
tion of joint movement (kinesthesia) and joint
position (joint position sense).51.3> As previ-
ously discussed, balance refers to the ability to
maintain the body’s COG within the base of
support provided by the feet. Somatosensation
and balance work closely, as the postural con-
trol system uses sensory information related to
movement and posture from peripheral sensory
receptors (eg, muscle spindles, Golgi tendon
organs, joint afferents, cutaneous receptors). So
the question remains: how does proprioception
influence postural equilibrium and balance?



Somatosensory input is received from mech-
anoreceptors; however, it is unclear whether the
tactile senses, muscle spindles, or Golgi tendon
organs are most responsible for controlling
balance. Nashner¢2 concluded after using elec-
tromyography responses following platform
perturbations that other pathways had to be
involved in the responses they recorded because
the latencies were longer than those normally
associated with a classic myotatic reflex. The
stretch-related reflex is the earliest mechanism
for increasing the activation level of muscles
about a joint following an externally imposed
rotation of the joint. Rotation of the ankles
is the most probable stimulus of the myotatic
reflex that occurs in many persons. It appears
to be the first useful phase of activity in the leg
muscles after a change in erect posture.62 The
myotatic reflex can be seen when perturbations
of gait or posture automatically evoke function-
ally directed responses in the leg muscles to
compensate for imbalance or increased postur-
al sway.17.62 Muscle spindles sense a stretching
of the agonist, thus sending information along
its afferent fibers to the spinal cord. There, the
information is transferred to alpha and gamma
motor neurons that carry information back to
the muscle fibers and muscle spindle, respec-
tively, and contract the muscle to prevent or
control additional postural sway.1”

Postural sway was assessed on a platform
moving into a “toes-up” and “toes-down” posi-
tion, and a stretch reflex was found in the
triceps surae after a sudden ramp displace-
ment into the “toes-up” position.16 A medium
latency response (103 to 118 ms) was observed
in the stretched muscle, followed by a delayed
response of the antagonistic anterior tibialis
muscle (108 to 124 ms). The investigators also
blocked afferent proprioceptive information in
an attempt to study the role of proprioceptive
information from the legs for the maintenance
of upright posture. These results suggested that
proprioceptive information from pressure and/
or joint receptors of the foot (ischemia applied
at ankle) plays an important role in postural
stabilization during low frequencies of move-
ment but is of minor importance for the com-
pensation of rapid displacements. The experi-
ment also included a “visual” component, as
patients were tested with eyes closed followed
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by eyes open. Results suggest that when patients
were tested with eyes open, visual information
compensated for the loss of proprioceptive
input.

Another studyl7 used compensatory electro-
myography responses during impulsive distur-
bance of the limbs during stance on a treadmill
to describe the myotatic reflex. Results revealed
that, during backward movement of the tread-
mill, ankle dorsiflexion caused the COG to be
shifted anteriorly, thus evoking a stretch reflex
in the gastrocnemius muscle, followed by weak
anterior tibialis activation. In another trial,
the movement was reversed (plantar flexion),
thus shifting the COG posteriorly and evoking
a stretch reflex of the anterior tibialis muscle.
Both of these studies suggest that stretch reflex
responses help to control the body’s COG, and
that the vestibular system is unlikely to be
directly involved in the generation of the neces-
sary responses.

Elimination of all sensory information from
the feet and ankles revealed that proprioceptors
in the leg muscles (gastrocnemius and tibi-
alis anterior) were capable of providing suffi-
cient sensory information for stable standing.24
Researchers speculated that group I or group II
muscle spindle afferents and group Ib afferents
from Golgi tendon organs were the probable
sources of this proprioceptive information. The
study demonstrated that normal patients can
stand in a stable manner when receptors in the
leg muscles are the only source of information
about postural sway.

Other researchers®-43 have examined the
role of somatosensory information by altering
or limiting somatosensory input through the
use of platform sway referencing or foam plat-
forms. These studies reported that patients still
responded with well-coordinated movements,
but the movements were often either ineffective
or inefficient for the environmental context in
which they were used.

THE EFFECTS OF VIBRATION
ON BALANCE

The ability to detect postural sway and
evoke corrective muscle activation strategies
in an effort to maintain balance is inherently
linked to somatosensory function. Sensation
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Figure 7-3. Whole-body vibration
has been demonstrated to improve
balance in a variety of patient
populations.

of joint position and motion (eg, ankle plantar
flexion/dorsiflexion) is utilized for recognition
of postural sway in combination with visual
and vestibular inputs. Damage to joint struc-
tures (eg, ligament) impedes postural control,!8
thus, using vibration to target somatosensory
contributors to postural sway may enhance
balance.

Whole-body vibration is delivered via a
stationary platform that cyclically accelerates
the body upward (Figure 7-3). Improvements
in balance with vibration have been reported in
a range of clinical populations including ante-
rior cruciate ligament (ACL) reconstruction,10
functional ankle instability,!! multiple sclero-
sis,”8 and Parkinson’s disease.8¢ Furthermore,
repeated exposure to vibration improves bal-
ance and reduces the risk of falling in elderly
adults.8? It should be noted, however, that
each of these studies evaluated either static
(ie, stance on a fixed base of support) or semi-
dynamic (ie, stance on a moveable base of sup-
port such as a wobble board) balance. Adelman
et all reported that a single exposure to vibra-
tion did not improve dynamic postural con-
trol (eg, stabilization following landing from

a jump) in individuals with chronic ankle
instability. It is unclear from these results if
improvements in dynamic balance would be
observed with repeated exposure to vibration
as part of a rehabilitation protocol, or if the
stimulus provided by vibration is insufficient
to improve dynamic balance. While vibration
appears to improve static and semi-dynamic
balance, future research is necessary to deter-
mine if these effects transfer to more dynamic,
functional tasks.

BALANCE AS IT RELATES TO
THE CLOSED KINETIC CHAIN

Balance is the process of maintaining the
COG within the body’s base of support. Again,
the human body is a very tall structure bal-
anced on a relatively small base, and its COG
is quite high, being just above the pelvis. Many
factors enter into the task of controlling balance
within this designated area. One component
often overlooked is the role balance plays with-
in the kinetic chain. Ongoing debates as to how
the kinetic chain should be defined and wheth-
er open or closed kinetic chain exercises are
best have caused many therapists to lose sight
of what is most important. An understanding
of the postural control system as well as the
theory of the kinetic (segmental) chain about
the lower extremity helps conceptualize the role
of the chain in maintaining balance. Within the
kinetic chain, each moving segment transmits
forces to every other segment along the chain,
and its motions are influenced by forces trans-
mitted from other segments (see Chapter 12).13
The act of maintaining equilibrium or balance
is associated with the closed kinetic chain, as
the distal segment (foot) is fixed beneath the
base of support.

The coordination of automatic postural
movements during the act of balancing is not
determined solely by the muscles acting direct-
ly about the joint. Leg and trunk muscles exert
indirect forces on neighboring joints through
the inertial interaction forces among body seg-
ments.6465 A combination of one or more
strategies (ankle, knee, hip) are used to coor-
dinate movement of the COG back to a stable
or balanced position when a person’s balance is
disrupted by an external perturbation. Injury to



any one of the joints or corresponding muscles
along the kinetic chain can result in a loss of
appropriate feedback for maintaining balance.

BALANCE DISRUPTION

Let’s say, for example, that a basketball player
goes up for a rebound and collides with another
player, causing her to land in an unexpected
position, thereby compromising her normal
balance. To prevent a fall from occurring, the
body must correct itself by returning the COG
to a less compromising position within her
LOS. Afferent mechanoreceptor input from the
hip, knee, and ankle joints is responsible for ini-
tiating automatic postural responses through
the use of 1 of 3 possible movement strategies.

Selection of Movement Strategies

Three principal joint systems (ankles, knees,
and hips) are located between the base of sup-
port and the COG. This allows for a wide
variety of postures that can be assumed while
the COG is still positioned above the base of
support. As described by Nashner,%7 motions
about a given joint are controlled by the com-
bined actions of at least one pair of muscles
working in opposition. When forces exerted
by pairs of opposing muscle about a joint (eg,
anterior tibialis and gastrocnemius/soleus) are
combined, the effect is to resist rotation of the
joint relative to a resting position. The degree
to which the joint resists rotation is called joint
stiffness. The resting position and the stiffness
of the joint are each altered independently by
changing the activation levels of one or both
muscle groups.44:67 Joint resting position and
joint stiffness are by themselves an inadequate
basis for controlling postural movements, and
it is theorized that the myotatic stretch reflex is
the earliest mechanism for increasing the acti-
vation level of the muscles of a joint following
an externally imposed rotation of the joint.67

When a person’s balance is disrupted by
an external perturbation, movement strategies
involving joints of the lower extremity coordi-
nate movement of the COG back to a balanced
position. Three strategies (ankle, hip, stepping)
have been identified along a continuum.4? In
general, the relative effectiveness of ankle, hip,
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and stepping strategies in repositioning the
COG over the base of support depends on the
configuration of the base of support, the COG
alignment in relation to the LOS, and the speed
of the postural movement.42-43

The ankle strategy shifts the COG while
maintaining the placement of the feet by rotat-
ing the body as a rigid mass about the ankle
joints. This is achieved by contracting either the
gastrocnemius or anterior tibialis muscles to
generate torque about the ankle joints. Anterior
sway of the body is counteracted by gastrocne-
mius activity, which pulls the body posteriorly.
Conversely, posterior sway of the body is coun-
teracted by contraction of the tibialis anterior.
Thus, the importance of these muscles should
not be underestimated when designing the
rehabilitation program. The ankle strategy is
most effective in executing relatively slow COG
movements when the base of support is firm
and the COG is well within the LOS perimeter.
The ankle strategy is also believed to be effec-
tive in maintaining a static posture with the
COG off set from the center. The thigh and
lower trunk muscles contract, thereby resist-
ing the destabilization of these proximal joints
as a result of the indirect effects of the ankle
muscles on the proximal joints (Table 7-1).

Under normal sensory conditions, activation
of ankle musculature is most often selected to
maintain equilibrium. However, there are sub-
tle differences associated with loss of somato-
sensation and with vestibular dysfunction in
terms of postural control strategies. Persons
with somatosensory loss appear to rely on their
hip musculature to retain their COG while
experiencing forward or backward perturba-
tion or with different support surface lengths.25

If the ankle strategy is not capable of con-
trolling excessive sway, the hip strategy is avail-
able to help control motion of the COG through
the initiation of large and rapid motions at the
hip joints with antiphase rotation of the ankles.
It is most effective when the COG is located
near the LOS perimeter and when the LOS
boundaries are contracted by a narrowed base
of support. Finally, when the COG is displaced
beyond the LOS, a step or stumble (stepping
strategy) is the only strategy that can be used to
prevent a fall.65.67
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Table 7-1 Function and Anatomy of Muscles Involved in Balance Movements

It is proposed that LOS and COG alignment
are altered in individuals exhibiting a musculo-
skeletal abnormality such as an ankle or knee
sprain. For example, weakness of ligaments
following acute or chronic sprain about these
joints is likely to reduce ROM, thereby shrink-
ing the LOS and placing the person at greater
risk for a fall with a relatively smaller sway enve-
lope.®5 Pintsaar et al74 suggested that impaired
function was related to a change from ankle
synergy toward hip synergy for postural adjust-
ments among patients with functional ankle
instability. More recently, a systematic review
suggested that individuals with chronic ankle
instability do not utilize somatosensory infor-
mation to the extent that uninjured controls do
and that they rely more heavily on visual infor-
mation.82 These findings, which were consistent
with previous results reported by Tropp et al,8>
suggest that sensory proprioceptive function for
the injured patients was affected. Importantly,
these combined results suggest that not only do
strategies differ, but the use of various sensory
inputs may be reweighted following injury.

ASSESSMENT OF BALANCE

Several methods of balance assessment have
been proposed for clinical use. Historically,
many of the techniques have been criticized
for offering only subjective (“qualitative”) mea-
surement information regarding balance rather
than an objective (“quantitative”) measure.”0

Subjective Assessment

Prior to the mid 1980s, there were very
few methods for systematic and controlled
assessment of balance. The assessment of stat-
ic balance in athletes has traditionally been
performed through the use of the standing
Romberg test. This test is performed standing
with feet together, arms at the side, and eyes
closed. Normally, a person can stand motion-
less in this position, but the tendency to sway or
fall to one side is considered a positive Romberg
sign, indicating a loss of proprioception.® The
Romberg test has, however, been criticized for
its lack of sensitivity and objectivity. It is con-
sidered to be a rather qualitative assessment of
static balance because a considerable amount
of stress is required to make the patient sway
enough for an observer to characterize the
sway.47

The use of a quantifiable clinical test bat-
tery such as the Balance Error Scoring System
(BESS) is recommended instead of the stan-
dard Romberg test.36 Three different stances
(double, single, and tandem) are completed
twice: once while on a firm surface and once
while on a piece of medium density foam (bal-
ance pad by Airex is recommended) for a total
of 6 trials (Figure 7-4). Patients are asked to
assume the required stance by placing their
hands on the iliac crests, and upon eye closure,
the 20-second test begins. During the single-
leg stances, patients are asked to maintain the
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Figure 7-4. Stance positions for
BESS. (A) Double-leg, firm surface.
(B) Single-leg, firm surface. (C)
Tandem, firm surface. (D) Double-
leg, foam surface. (E) Single-leg,
foam surface. (F) Tandem, foam
surface.

contralateral limb in 20 to 30 degrees of hip
flexion and 40 to 50 degrees of knee flexion.
Additionally, the patient is asked to stand qui-
etly and as motionless as possible in the stance
position, keeping his or her hands on the iliac
crests and eyes closed. The single-limb stance
tests are performed on the nondominant foot.
This same foot is placed toward the rear on the
tandem stances. Patients are told that, upon
losing their balance, they are to make any nec-
essary adjustments and return to the testing
position as quickly as possible. Performance is
scored by adding 1 error point for each error
listed in Table 7-2. Trials are considered to be
incomplete if the patient is unable to sustain the
stance position for longer than 5 seconds during
the entire 20-second testing period. These trials

are assigned a standard maximum error score
of 10. No trial can have a score of greater than
10. Balance test results during injury recovery
are best used when compared to baseline mea-
surements, and clinicians working with athletes
or patients on a regular basis should attempt to
obtain baseline measurements when possible.
However, normative data are available in some
populations.39

Clinical Decision-Making Exercise 7-1

How can BESS or any other quantifiable measure
of balance be effectively used in developing a
sound rehabilitation program?
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Table 7-2 Balance Error Table 7-3 High-Technology
Scoring System Balance Assessment Systems
Errors Static Systems | Dynamic Systems

Hands lifted off iliac crests
Opening eyes
Step, stumble, or fall

Moving hip into more than 30 degrees of
flexion or abduction

Lifting forefoot or heel

Remaining out of testing position for more
than 5 seconds

The BESS score is calculated by adding 1 error
point for each error or any combination of errors
occurring during one movement. Error scores from
each of the 6 trials are added for a total BESS score,
and higher scores represent poor balance.

Semi-dynamic and dynamic balance assess-
ment can be performed through functional-
reach tests; timed agility tests such as the figure
8 test,19:23 carioca, or hop test5; Bass Test for
Dynamic Balance; timed “T-Band kicks”; and
timed balance beam walking with the eyes open
or closed. The objective in most of these tests
is to decrease the size of the base of support in
an attempt to determine a patient’s ability to
control upright posture while moving. Many
of these tests have been criticized for failing
to quantify balance adequately as they merely
report the time that a particular posture is
maintained, angular displacement, or the dis-
tance covered after walking.7.2551.67 At any
rate, they can often provide the athletic trainer
with valuable information about a patient’s
function and/or return to play capability.

Objective Assessment

Advancements in technology have provided
the medical community with commercially
available balance systems for quantitatively
assessing and training static and dynamic bal-
ance (Table 7-3). These systems provide an
easy, practical, and cost-effective method of
quantitatively assessing and training functional
balance through analysis of postural stabil-
ity. Thus, the potential exists to assess injured
patients and (a) identify possible abnormalities
that might be associated with injury; (b) isolate

Chattecx Balance | Biodex Stability System

System Chattecx Balance System
EquiTest EquiTest

Force plate EquiTest with

Pro Balance electromyography
Master Force plate

Smart Balance Kinesthetic Ability Trainer
Master

Pro Balance Master

Smart Balance Master
Teckscan Strideway Mat
GAITRite Mat (CIR Systems)

various systems that are affected; (c) develop
recovery curves based on quantitative measures
for determining readiness to return to activity;
and (d) train the injured patient.

Most manufacturers use computer-inter-
faced force plate technology consisting of a flat,
rigid surface supported on 3 or more points by
independent force-measuring devices. As the
patient stands on the force plate surface, the
position of the center of vertical forces exerted
on the force plate over time is calculated (Figure
7-5). The center of vertical force movements
provide an indirect measure of postural sway
activity.6¢ The Kistler and, more recently, Bertec
force plates, are used for much of the work in the
area of postural stability and balance.”21,31,58,61
NeuroCom International, Inc. has also devel-
oped systems with expanded diagnostic and
training capabilities that make interpretation
of results easier for athletic trainers. Athletic
trainers must be aware that the manufacturers
often use conflicting terminology to describe
various balance parameters, and should consult
frequently with the manufacturer to ensure that
there is a clear understanding of the measure
being taken. These inconsistencies have created
confusion in the literature because what some
manufacturers classify as dynamic balance, oth-
ers claim as really static balance. Our classifica-
tion system (see the following section “Balance
Training”) will hopefully clear up some of the
confusion and allow for a more consistent label-
ing of the numerous balance-related exercises.



Force platforms ideally evaluate 3 aspects
of postural control: steadiness, symmetry, and
dynamic stability. Steadiness is the ability to
keep the body as motionless as possible. This
is a measure of postural sway. Symmetry is the
ability to distribute weight evenly between the
2 feet in an upright stance. This is a measure
of center of pressure (COP), center of balance
(COB), or center of force (COF), depending on
which testing system you are using. Although
inconsistent with our classification system,
dynamic stability is often labeled as the ability
to transfer the vertical projection of the COG
around a stationary supporting base.3! This is
often referred to as a measure of one’s percep-
tion of his or her “safe” LOS, as one’s goal is to
lean or reach as far as possible without losing
one’s balance. Some manufacturers measure
dynamic stability by assessing a person’s pos-
tural response to external perturbations from
a moving platform in 1 of 4 directions: tilting
toes up, tilting toes down, shifting medial-lat-
eral, and shifting anterior-posterior. Platform
perturbation on some systems is unpredict-
able and determined by the positioning and
sway movement of the patient. In such cases, a
person’s reaction response can be determined.
Other systems have a more predictable sinusoi-
dal waveform that remains constant regardless
of patient positioning.

Many of these force platform systems mea-
sure the vertical ground reaction force and
provide a means of computing the COP. The
COP represents the center of the distribution
of the total force applied to the supporting
surface. The COP is calculated from horizontal
moment and vertical force data generated by
triaxial force platforms. The center of vertical
force, on NeuroCom’s EquiTest, is the center
of the vertical force exerted by the feet against
the support surface. In any case (COP, COB,
COF), the total force applied to the force plat-
form fluctuates because it includes both body
weight and the inertial effects of the slightest
movement of the body that occur even when
one attempts to stand motionless. The move-
ment of these force-based reference points is
theorized to vary according to the movement
of the body’s COG and the distribution of mus-
cle forces required to control posture. Ideally,
healthy athletes should maintain their COP
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Figure 7-5. Patient training on the Balance Master.
(Reprinted with permission from NeuroCom.)

very near the anterior-posterior and medial-
lateral midlines.

Once the COP or COF is calculated, sev-
eral other balance parameters can be attained.
Deviation from this point in any direction
represents a person’s postural sway. Postural
sway can be measured in various ways depend-
ing on which system is being used. Mean dis-
placement, length of sway path, length of sway
area, amplitude, frequency, and direction with
respect to the COP can be calculated on most
systems. An equilibrium score, comparing the
angular difference between the calculated max-
imum anterior to posterior COG displacements
to a theoretical maximum displacement, is
unique to NeuroCom’s EquiTest.

Force plate technology allows for quantita-
tive analysis and understanding of a patient’s
postural instability. These systems are fully
integrated with hardware or software systems
for quickly and quantitatively assessing and
rehabilitating balance disorders. Most manu-
facturers allow for both static and dynamic
balance assessment in either double- or single-
leg stances, with eyes open or eyes closed.
NeuroCom’s EquiTest System is equipped with
a moving visual surround (wall) that allows for
the most sophisticated technology available for
isolating and assessing sensory modality inter-
action (Figure 7-6).
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Figure 7-6. NeuroCom EquiTest system.
(Reprinted with permission from NeuroCom.)

Figure 7-7. NeuroCom Balance Master
Paragon Care. (Reprinted with permission
from NeuroCom.)

Long force plates have been developed by
some manufacturers in an attempt to combat
criticism that balance assessment is not func-
tional. Inclusion of the long force plate adds
a vast array of dynamic balance exercises for
training, such as walking, step-up-and-over,
side and crossover steps, hopping, leaping, and
lunging (Figure 7-7). These important return-
to-sport activities can be practiced and per-
fected through the use of the computer’s visual
feedback. Additionally, gait mats are a more
recent addition to the more functional balance
assessment infrastructure.8” These mats allow
for assessment of COP measurements during

walking and more functional movements. They
are also somewhat more portable than the tra-
ditional long force plates (Figure 7-8). Other
advancements include use of accelerometers
in Smartphone technology that allow for gross
balance assessment during gait.>”

Biodex Medical Systems manufactures a
dynamic multiaxial tilting platform that offers
computer-generated data similar to that of a
force plate system. The Biodex Stability System
(Figure 7-9) uses a dynamic multiaxial plat-
form that allows up to 20 degrees of deflec-
tion in any direction. It is theorized that this
degree of deflection is sufficient to stress joint
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Figure 7-8. Gait mats allow for assessment of COP
measurements during walking. (Reprinted with
permission from Tekscan, Inc.)

Figure 7-10. PROPRIO Reactive Balance System.
(Reprinted with permission from Perry Dynamics.)

mechanoreceptors that provide proprioceptive
feedback (at end ranges of motion) necessary
for balance control. Therapists can assess defi-
cits in dynamic muscular control of posture
relative to joint pathology. The patient’s abil-
ity to control the platform’s angle of tilt is
quantified as a variance from center, as well
as degrees of deflection over time, at various
stability levels. A large variance is indicative
of poor muscle response. Exercises performed
on a multiaxial unstable system such as the
Biodex are similar to those of the Biomechanical
Ankle Platform System (BAPS board; Spectrum
Therapy Products) and are especially effec-
tive for regaining proprioception and balance
following injury to the ankle joint. A newer

Figure 7-9. Biodex Stability System.

system, the PROPRIO Reactive Balance System,
measures the patient’s center of mass movement
on a computerized, programmable, multidirec-
tional, multispeed platform for both reactive
and anticipatory training to assess, rehabilitate,
and train balance and proprioception (Figure
7-10). Instead of assessing lower leg postural
responses on a force plate, this system measures
trunk movements by placing a sensor on the
lumbosacral joint, L5-S1. Using ultrasonic tech-
nology, the PROPRIO Reactive Balance System
quantifies trunk movement in 6 degrees of free-
dom—Ilateral, up/down, anterior/posterior, rota-
tion, flexion/extension, and lateral flexion—and
displays real-time feedback during training. The
platform can generate perturbations to provide
variable surface movement requiring the patient
to maintain the patient’s center of mass over
the body’s support area during movement and
changing sensory environments.

INJURY AND BALANCE

It has long been theorized that failure
of stretched or damaged ligaments to pro-
vide adequate neural feedback in an injured
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extremity may contribute to decreased proprio-
ceptive mechanisms necessary for maintenance
of proper balance. Research suggests these
impairments occur in individuals with ankle
injury27.3575 and ACL injury.>’2 The lack of
proprioceptive feedback resulting from such
injuries may allow excessive or inappropriate
loading of a joint. Furthermore, although the
presence of a capsular lesion may interfere with
the transmission of afferent impulses from the
joint, a more important effect may be alteration
of the afferent neural code that is conveyed to
the CNS. Decreased reflex excitation of motor
neurons may result from either or both of the
following events: a decrease in proprioceptive
input to the CNS and/or an increase in the
activation of inhibitory interneurons within
the spinal cord. All of these factors may lead
to progressive degeneration of the joint and
continued deficits in joint dynamics, balance,
and coordination.

Ankle Injuries

Joint proprioceptors are believed to be dam-
aged during injury to the lateral ligaments of
the ankle because joint receptor fibers possess
less tensile strength than the ligament fibers.
Damage to the joint receptors is believed to
cause joint deafferentation, thereby diminish-
ing the supply of messages from the injured
joint up the afferent pathway and disrupting
proprioceptive function.28 Freeman et al28 were
the first to report a decrease in the frequency of
functional instability following ankle sprains
when coordination exercises were performed as
part of rehabilitation. Thus, the term articular
deafferentation was introduced to designate the
mechanism that they believed to be the cause of
functional instability of the ankle. This finding
led to the inclusion of balance training in ankle
rehabilitation programs.

Since 1955, Freeman?2’ has theorized that
if ankle injuries cause partial deafferentation
and functional instability, a person’s postural
sway would be altered because of a propriocep-
tion deficit. Although some studies8> have not
supported Freeman’s theory, other more recent
studies using high-tech equipment (force plate,
kinesthesiometer, etc) have revealed balance def-
icits in ankles following acute sprains2%3%73 and/
or in ankles with chronic instabilities.12:26,30,74

Differences were identified between injured
and uninjured ankles in 14 ankle-injured
patients using a computerized strain-gauge
force plate.2® Four of 5 possible postural sway
parameters (standard deviation of the mean
COP dispersion, mean sway amplitude, aver-
age speed, and number of sway amplitudes
exceeding 5 and 10 mm) taken in the frontal
plane from a single-leg stance position were
reported to discriminate between injured and
noninjured ankles. The authors reported that
the application of an ankle brace eliminated
the differences between injury status when
tested on each parameter, therefore improving
balance performance. More importantly, this
study suggests that the stabilometry technique
of selectively analyzing postural sway move-
ments in the frontal plane, where the diam-
eter of the supporting area is smallest, leads to
higher sensitivity. Because difficulties of main-
taining balance after a ligament lesion involve
the subtalar axis, it is proposed that increased
sway movements of the different body segments
would be found primarily in the frontal plane.
The authors speculated that this could explain
nonsignificant findings of earlier stabilometry
studies$> involving injured ankles.

Orthotic intervention and postural sway
were studied in 13 patients with acute inversion
ankle sprains and 12 uninjured patients under
2 treatment conditions (orthotic, nonorthotic)
and 4 platform movements (stable, inversion/
eversion, plantar flexion/dorsiflexion, medial/
lateral perturbations).3> Results revealed that
ankle-injured patients swayed more than unin-
jured patients when assessed in a single-leg
test. The analysis also revealed that custom-fit
orthotics may restrict undesirable motion at the
foot and ankle, and enhance joint mechano-
receptors to detect perturbations and provide
structural support for detecting and control-
ling postural sway in ankle-injured patients.
A similar study”3 reported improvements in
static balance for injured patients while wearing
custom-made orthotics.

Studies involving patients with chronic ankle
instabilities!2,26,30,74 indicate that individuals
with a history of inversion ankle sprain are
less stable in single limb stance on the involved
leg compared to the uninvolved leg and/or
noninjured patients. Significant differences



between injured and uninjured patients for
sway amplitude but not sway frequency using a
standard force plate were revealed.!12 The effect
of stance perturbation on frontal plane pos-
tural control was tested in 3 groups of patients:
control (no previous ankle injury), functional
ankle instability and 8-week training program,
and mechanical instability without functional
instability (without shoe, with shoe, with brace
and shoe).” The authors reported a relative
change from ankle to hip synergy at medially
directed translations of the support surface on
the NeuroCom EquiTest. The impairment was
restored after 8 weeks of ankle disc training.
The effect of a shoe and brace did not exceed
the effect of the shoe alone. Impaired ankle
function was shown to be related to coordina-
tion as patients changed from ankle toward hip
strategies for postural adjustments.

Similarly, researchers#l reported that lat-
eral ankle joint anesthesia did not alter pos-
tural sway or passive joint position sense, but
did affect the COB position (similar to COP)
during both static and dynamic testing. This
suggests the presence of an adaptive mecha-
nism to compensate for the loss of afferent
stimuli from the region of the lateral ankle
ligaments.36 Patients tended to shift their COB
medially during dynamic balance testing and
slightly laterally during static balance testing.
The authors speculated that COB shifting may
provide additional proprioceptive input from
cutaneous receptors in the sole of the foot or
stretch receptors in the peroneal muscle ten-
don unit, which therefore prevents increased
postural sway. More recently, studies illustrate
that sensory targeted treatments including joint
mobilizations, plantar massage, and triceps
surae stretching provide short-term improved
single-leg postural control.>?

Increased postural sway frequency and
latencies are parameters thought to be indica-
tive of impaired ankle joint proprioception.!6.79
Cornwall and Murrell!2 and Pintsaar et al,’#
however, found no differences between chroni-
cally injured patients and control patients on
these measures. This raises the question as to
whether postural sway was in fact caused by a
proprioceptive deficit. Increased postural sway
amplitudes in the absence of sway frequencies
might suggest that chronically injured patients
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recover their ankle joint proprioception over
time. Thus, more research is warranted for
investigating loss of joint proprioception and
postural sway frequency.!2

In summary, results of studies involving
both chronic and acute ankle sprains suggest
that increased postural sway and/or balance
instability may not be caused by a single fac-
tor, but by disruption of both neurologic and
biomechanical factors at the ankle joint. Loss
of balance may result from abnormal or altered
biomechanical alignment of the body, thus
affecting the transmission of somatosensory
information from the ankle joint. It is possible
that observed postural sway amplitudes follow-
ing injury are a result of joint instability along
the kinetic chain, rather than deafferentation.
Thus, the orthotic intervention3%:68:69 may have
provided more optimal joint alignment.

Knee Injuries

Ligamentous injury to the knee has proven
to affect the ability of patients to accurately
detect position.3-4551,54.55 The general consen-
sus among numerous investigators performing
proprioceptive testing is that a clinical proprio-
ception deficit occurs in most patients after an
ACL rupture who have functional instability
and that this deficit seems to persist to some
degree after an ACL reconstruction.3 Because
of the relationships between proprioception
(somatosensation) and balance, it has been sug-
gested that the patient’s ability to balance on
the ACL-injured leg may also be decreased.>74

Researchers have evaluated the effects of
ACL ruptures on standing balance using force
plate technology, and although some studies
have revealed balance deficits,2%60 others have
not.2240 Thus, there appear to be conflict-
ing results from these studies depending on
which parameters are measured. Mizuta et al60
found significant differences in postural sway
when measuring COP and sway distance area
between 11 functionally stable and 15 function-
ally unstable patients who had unilateral ACL-
deficient knees. Faculjak et al,22 however, found
no differences in postural stability between 8
ACL-deficient patients and 10 normal patients
when measuring average latency and response
strength on an EquiTest System.
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Several potential reasons for this discrep-
ancy exist. First, it has been suggested that there
might be a link between static balance and iso-
metric strength of the musculature at the ankle
and knee. Isometric muscle strength could,
therefore, compensate for any somatosensory
deficit present in the involved knee during a
closed chain static balance test. Second, many
studies fail to discriminate between function-
ally unstable ACL-deficient knees and knees
that were not functionally unstable. This pres-
ents a design flaw, especially considering that
functionally stable knees would most likely
provide adequate balance despite ligamen-
tous pathology. Another suggested reason for
not seeing differences between injured knees
and uninjured knees on static balance mea-
sures could be explained by the role that joint
mechanoreceptors play. Neurophysiologic stud-
ies32:33:48,51 reveal that joint mechanoreceptors
provide enhanced kinesthetic awareness in the
near-terminal ROM or extremes of motion.
Therefore, it could be speculated that if the
maximum LOS are never reached during a
static balance test, damaged mechanoreceptors
(muscle or joint) may not even become a factor.
Dynamic balance tests or functional hop tests
that involve dynamic balance could challenge
the postural control system (ankle strategies are
taken over by hip and/or stepping strategies),
requiring more mechanoreceptor input. These
tests would most likely discriminate between
functionally unstable ACL-deficient knees and
normal knees.

Clinical Decision-Making Exercise 7-2

A gymnast recovering from a grade 1 medial col-
lateral ligament sprain to her right knee is ready to
begin her rehabilitation. What factors must first be
considered prior to design?

Head Injury

Neurologic status following mild head inju-
ry has been assessed using balance as a criterion
variable. Athletic trainers, therapists, and team
physicians have long evaluated head injuries
with the Romberg tests of sensory modality
function to test “balance.” This is an easy and
effective sideline test; however, the literature

suggests there is more to posture control than
just balance and sensory modality,62.63,68,71,83
especially when assessing people with head
injury.34:37 The postural control system, which
is responsible for linking brain to body com-
munication, is often affected as a result of mild
head injury. Several studies have identified
postural stability deficits in patients up to 3
days postinjury by using commercially avail-
able balance systems.3437 It appears, in most
cases, this deficit is related to a sensory inter-
action problem, whereby the injured patient
fails to use his or her sensory input effectively.
However, more recent data also suggest in
a small subset of individuals there may be
visual-vestibular dysfunction that may need
to be specifically addressed to improve bal-
ance, coordination, and symptoms.88 Injury
to the musculature surrounding the cervical
spine that may occur with the mechanism also
resulting in concussion may also affect postural
control.”6 This research suggests that objective
balance assessment can be used for establish-
ing recovery curves for making return-to-play
decisions in concussed patients. Recently, data
suggest rehabilitation of balance, particularly in
those with vestibular dysfunction, can be useful
in improving recovery and outcomes.””

BALANCE TRAINING

Developing a rehabilitation program that
includes exercises for improving balance and
postural equilibrium is vital for a successful
return to competition from a lower extrem-
ity and head injury. Regardless of whether the
patient has sustained a quadriceps strain or an
ankle sprain, the injury has caused a disruption
at some point between the body’s COG and
base of support. This is likely to have caused
compensatory weight shifts and gait changes
along the kinetic chain that have resulted in
balance deficits. These deficits may be detected
through the use of functional assessment tests
and/or computerized instrumentation previ-
ously discussed for assessing balance. Having
the advanced technology available to quantify
balance deficits is an amenity, but not a neces-
sity. Imagination and creativity are often the
best tools available to athletic trainers with lim-
ited resources who are trying to design balance
training protocols.



Because virtually all sport activities involve
closed chain lower extremity function, func-
tional rehabilitation should be performed in
the closed kinetic chain. However, ROM, move-
ment speed, and additional resistance may
be more easily controlled in the open chain
initially. Therefore, adequate, safe function in
an open chain may be the first step in the reha-
bilitation process but should not be the focus
of the rehabilitation plan. The athletic trainer
should attempt to progress the patient to func-
tional closed chain exercises quickly and safely.
Depending on severity of injury, this could be
as early as 1 day postinjury.

As previously mentioned, there is a close
relationship between somatosensation, kines-
thesia, and balance. Therefore, many of the
exercises proposed for kinesthetic training are
indirectly enhancing balance. Several methods
of regaining balance have been proposed in the
literature and are included in the most current
rehabilitation protocols for ankle46-84 and knee
injury_14,45,56,83

A variety of activities can be used to improve
balance, but the therapist should first consider
5 general rules before beginning. The exercises
must:

1. Be safe, yet challenging.

2. Stress multiple planes of motion.

3. Incorporate a multisensory approach.
4

. Begin with static, bilateral, and stable sur-
faces and progress to dynamic, unilateral,
and unstable surfaces.

5. Progress toward sport-specific exercises.

There are several ways in which the athletic
trainer can meet these goals. Balance exercises
should be performed in an open area, where the
patient will not be injured in the event of a fall.
It is best to perform exercises with an assistive
device within an arm’s reach (eg, chair, rail-
ing, table, wall), especially during the initial
phase of rehabilitation. When considering exer-
cise duration for balance exercises, the athletic
trainer can use either sets and repetitions or a
time-based protocol. The patient can perform
2 to 3 sets of 15 repetitions and progress to 30
repetitions as tolerated, or perform 10 of the
exercises for a 15-second period and progress to
30-second periods later in the program.
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Clinical Decision-Making Exercise 7-3

How can the athletic trainer determine whether a
patient is ready to progress to a more challenging
balance task and/or balance surface?

Classification of Balance Exercises

Static balance is when the COG is main-
tained over a fixed base of support (unilateral
or bilateral) while standing on a stable surface.
Examples of static exercises are a single-leg,
double-leg, or tandem stance Romberg task.
Semi-dynamic balance involves 1 of 2 possible
activities: the person maintains his or her COG
over a fixed base of support while standing on
a moving surface (Chattecx Balance System or
EquiTest) or unstable surface (Biodex Stability
System, BAPS, medium density foam or minit-
ramp); or the person transfers his or her COG
over a fixed base of support to selected ranges
and/or directions within the LOS while stand-
ing on a stable surface (Balance Master’s LOS,
functional reach tests, mini-squats, or T-Band
kicks). Dynamic balance involves the main-
tenance of the COG within the LOS over a
moving base of support (feet), usually while
on a stable surface. These tasks require the use
of a stepping strategy. The base of support is
always changing its position, forcing the COG
to be adjusted with each movement. Examples
of dynamic exercises are walking on a bal-
ance beam, step-up-and-over task, or bound-
ing. Functional balance tasks are the same
as dynamic tasks with the inclusion of sport-
specific tasks such as throwing and catching.
Additionally, cognitive tasks can also be added
to these types of tasks to further increase the
multisensory approach and to task the system
in ways more similar to real life and sport.

Phase |

The progression of activities during this
phase should include nonballistic types of
drills. Training for static balance can be initi-
ated once the patient is able to bear weight on
the extremity. The patient should first be asked
to perform a bilateral 20-second Romberg test
on a variety of surfaces, beginning with a hard/
firm surface (Figure 7-11). Once a comfort zone
is established, the patient should be progressed
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Figure 7-11. Double- and single-leg balance on a stable surface. (A) Double-leg stance. (B) Double-leg tandem

stance. (C) Single-leg stance.

to performing unilateral balance tasks on both
the involved and uninvolved extremities on a
stable surface.

The athletic trainer should make compari-
sons from these tests to determine the patient’s
ability to balance bilaterally and unilaterally. It
should be noted that even though this is termed
static balance, the patient does not remain per-
fectly motionless. To maintain static balance,
the patient must make many small correc-
tions at the ankle, hip, trunk, arms, or head as
previously discussed (see the previous section
“Selection of Movement Strategies”). If the
patient is having difficulties performing these
activities, he or she should not be progressed
to the next surface. Repetitions of modified
Romberg tests can be performed by first using
the arms as a counterbalance, then attempting
the activity without using the arms. Static bal-
ance activities should be used as a precursor to
more dynamic activities. The general progres-
sion of these exercises should be from bilat-
eral to unilateral, with eyes open to eyes closed.
The exercises should attempt to eliminate or
alter the various sensory information (visual,
vestibular, and somatosensory) so as to chal-
lenge the other systems. In most orthopedic

rehabilitation situations, this is going to involve
eye closure and changes in the support surface
so the somatosensory system can be overloaded
or stressed. This theory is synonymous with
the overload principle in therapeutic exercise.
Research suggests that balance activities, both
with and without visual input, will enhance
motor function at the brainstem level.8:84
However, as the patient becomes more efficient
at performing activities involving static bal-
ance, eye closure is recommended so that only
the somatosensory system is left to control
balance.

As improvement occurs on a firm surface,
bilateral static balance drills should progress
to an unstable surface such as a Tremor box,
DynaDisc rocker board on hard surface, BOSU
Balance Trainer (flat side up then bubble side
up), BAPS board, or foam surface (Figure 7-12).2
The purpose of the different surfaces is to safely
challenge the injured patient while keeping the
patient motivated to rehabilitate the injured
extremity. Additionally, the athletic trainer can
introduce light shoulder, back, or chest taps in
an attempt to challenge the patient’s ability to
maintain balance (Figure 7-13). Once the con-
trol is demonstrated in a bilateral stance, the
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Figure 7-12. Double-leg balance on an unstable surface. (A) Tremor Box. (B) BOSU
Balance Trainer, flat surface. (C) DynaDiscs. (D) Extreme Balance Board. (E) BOSU
Balance Trainer, bubble surface.
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Figure 7-13. An athletic trainer causing perturbations
using a shoulder tap is good for transitioning from
double-leg balance on an unstable surface to single-leg
balance on an unstable surface.

patient can progress to similar activities using
a unilateral stance (Figure 7-14). All of these
exercises increase awareness of the location of
the COG under a challenged condition, thereby
helping to increase ankle strength in the closed
kinetic chain. Such training may also increase
sensitivity of the muscle spindle and thereby
increase proprioceptive input to the spinal cord,
which may provide compensation for altered
joint afference.>!

Although static and semi-dynamic balance
exercises may not be very functional for most
sport activities, they are the first step toward
regaining proprioceptive awareness, reflex
stabilization, and postural orientation. The
patient should attempt to assume a functional
stance while performing static balance drills.
Training in different positions places a variety
of demands on the musculotendinous struc-
tures about the ankle, knee, and hip joints.
For example, a gymnast should practice static
balance with the hip in neutral and external
rotation, as well as during a tandem stance
to mimic performance on a balance beam. A
basketball player should perform these drills

in the “ready position” on the balls of the feet
with the hips and knees slightly flexed. Patients
requiring a significant amount of static balance
for performing their sport include gymnasts,
cheerleaders, and football linemen.46

Phase Il

This phase should be considered the transi-
tion phase from static to more dynamic balance
activities. Dynamic balance will be especially
important for patients who perform activities
such as running, jumping, and cutting, which
encompasses about 95% of all athletes. Such
activities require the patient to repetitively
lose and gain balance to perform his or her
sport without falling or becoming injured.46
Dynamic balance activities should only be
incorporated into the rehabilitation program
once sufficient healing has occurred and the
patient has adequate ROM, muscle strength,
and endurance. This could be as early as a few
days postinjury in the case of a grade 1 ankle
sprain, or as late as 5 weeks postsurgery in the
case of an ACL reconstruction. Before the ath-
letic trainer progresses the patient to challeng-
ing dynamic and sport-specific balance drills,
several semi-dynamic (intermediate) exercises
should be introduced.

These semi-dynamic balance drills involve
displacement or perturbation of the COG away
from the base of support. The patient is chal-
lenged to return and/or steady the COG above
the base of support throughout several rep-
etitions of the exercise. Some of these exercises
involve a bilateral stance, some involve a unilat-
eral stance, while others involve transferring of
weight from one extremity to the other.

The bilateral-stance balance drills include
the mini-squat that is performed with the feet
shoulder-width apart and the COG centered
over a stable base of support (Figure 7-15A).
The trunk should be positioned upright over
the legs as the patient slowly flexes the hips and
knees into a partial squat—about 50 degrees of
knee flexion. The patient then returns to the
starting position and repeats the task several
times. Once ROM, strength, and stability have
improved, the patient can progress to a full
squat, which approaches 90 degrees of knee
flexion. These should be performed in front of
a mirror so the patient can observe the amount
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of stability on his or her return to the extended
position. A large stability ball can also be used
to perform sit-to-stand activities (Figure 7-15B).
Once the patient reaches a comfort zone, he
or she can perform more challenging varia-
tions of these exercises, beginning on a stable

Figure 7-14. Single-leg balance on an unstable surface.
(A) Foam pad. (B) Rocker Board. (C) BAPS Board. (D)
BOSU Balance Trainer, bubble surface. (E) Plyoback.

surface (Figure 7-16) and progressing to weight,
cable, or tubing-resisted exercises (Figure 7-17).
Rotational maneuvers and weight-shifting exer-
cises on unstable surfaces such as the BOSU,
DynaDisc, or foam pad are used to assist the
patient in controlling the patient’s COG during



194 Chapter 7

Figure 7-15. Double-leg dynamic activities on a stable
surface. (A) Mini-squats. (B) Sit-to-stand from a stability
ball.

semi-dynamic movements (Figure 7-18). These
exercises are important in the rehabilitation
of ankle, knee, and hip injuries as they help
improve weight transfer, COG sway velocity,
and left/right weight symmetry. They can be
performed in an attempt to challenge anterior-
posterior stability or medial-lateral stability.
The athletic trainer has a variety of options
for unilateral semi-dynamic balance exercises.

Figure 7-16. Single-leg balance dynamic
(multiplane) movements on a stable surface. (A)
Windmill. (B) Single-leg reach. (continued)

In the progression to more dynamic exercises,
the patient should emphasize controlled hip
and knee flexion, followed by a smooth return
to a stabilization position. Step-ups can be
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Figure 7-16 (continued). Single-leg balance dynamic (multiplane) movements on a stable surface.
(C) Double-arm reach. (D) Romanian deadlift.

Figure 7-17.Single-leg balanceresisted
f.\ (multiplane) movements on a stable
surface. (A) Biceps curls using cable
or tubing. (B) Dumbbell scaption. (C)
Dumbbell cobra. (D) Squat touchdown
to overhead press.
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Figure 7-18. Double and single-leg balance dynamic (multiplane) activities on an unstable surface. (A) Tandem
stance on an Extreme Balance Board. (B) Standing rotation on DynaDisc. (C) Standing rotation on BOSU Balance
Trainer, bubble surface. (D) Partner throw-and-catch using a weighted ball while balancing on a foam pad.

performed either in the sagittal plane (forward
step-up) or in the transverse plane (lateral step-
up; Figure 7-19A and B). These drills should
begin with the heel of the uninvolved extrem-
ity on the floor. Using a 2 count, the patient

should shift body weight toward the involved
side and use the involved extremity to slowly
raise the body onto the step.84 The involved
knee should not be “locked” into full extension.
Instead, the knee should be positioned in about
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Figure 7-19. Stepping movements to stabilization. (A) Lateral step-up. (B) Forward step-up to single-leg
balance. (C) Step-up-and-over (alternating lead leg). (D) TheraBand kicks. (continued)

5 degrees of flexion, while balancing on the step
for 3 seconds. Following the 3 count, the body
weight should be shifted toward the uninvolved
side and lowered to the heel of the uninvolved
side. Step-up-and-over activities are similar to
step-ups but involve more dynamic transfer of
the COG. These should be performed by having

the patient both ascend and descend using the
involved extremity (Figure 7-19C) or ascend
with the involved extremity and descend with
the uninvolved extremity, forcing the involved
leg to support the body on the descend. The
athletic trainer can also introduce the patient to
more challenging static tasks during this phase.
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For example, the very popular TheraBand kicks
(T-Band kicks or steamboats) are excellent for
improving balance. TheraBand kicks are per-
formed with an elastic material (attached to the
ankle of the uninvolved leg) serving as a resis-
tance against a relatively fast kicking motion
(Figure 7-19D). The patient’s balance on the
involved extremity is challenged by perturba-
tions caused by the kicking motion of the unin-
volved leg. Four sets of these exercises should
be performed, one for each of 4 possible kicking
motions: hip flexion, hip extension, hip abduc-
tion, and hip adduction. T-Band kicks can also
be performed on foam or a minitramp if addi-
tional somatosensory challenges are desired.83
Single- and multiplane lunges can also be used
to transition to dynamic activities (Figure 7-19E
and F).

The Balance Shoes (Orthopedic Physical
Therapy Products) are another excellent tool
for improving the strength of lower extremity
musculature and, ultimately, improving bal-
ance. The shoes allow lower extremity balance
and strengthening exercises to be performed
in a functional, closed kinetic chain manner.
The shoes consist of a cork sandal with a rub-
ber sole, and a rubber hemisphere similar in
consistency to a lacrosse ball positioned under
the midsole (see Figures 22-28 to 22-35). The
design of the sandals essentially creates an indi-
vidualized perturbation device for each limb

Figure 7-19
stabilization. (E) Forward lunge to single-leg balance. (F)
Multiplane lunges (sagittal, frontal, transverse).

(continued). Stepping movements to

that can be used in any number of functional
activities, ranging from static single-leg stance
to dynamic gait activities performed in mul-
tiple directions (forward walking, sidestepping,
carioca walking, etc).

Clinical use of the Balance Shoes has result-
ed in a number of successful clinical outcomes
from a subjective standpoint, including treat-
ment of ankle sprains and chronic instability,
anterior tibial compartment syndrome, lower
leg fractures, and a number of other orthope-
dic problems, as well as for enhancement of
core stability. Research reveals that training
in the Balance Shoes results in reduced rear-
foot motion and improved postural stabil-
ity in excessive pronators, and that functional
activities in the Balance Shoes increase gluteal
muscle activity (see Chapter 20).

Clinical Decision-Making Exercise 7-4

What type of balance exercises would best meet the
needs of a tennis player recovering from a grade 2
anterior talofibular sprain?

Phase Il

Once the patient can successfully complete
the semi-dynamic exercises presented in Phase
I1, the patient should be ready to perform more
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Figure 7-20. Jumping and hopping to stabilization. (A) Forward jump-up to stabilization. (B) Butt kicks to
stabilization. (C) Tuck jumps to stabilization. (D) Bidirectional single-leg hop-overs to stabilization. (continued)

dynamic and functional types of exercises. The
general progression for activities to develop
dynamic balance and control is from slow-
speed to fast-speed activities, from low-force
to high-force activities, and from controlled
to uncontrolled activities.46 In other words,
patients should be working toward sport-spe-
cific drills that will allow for a safe return to
their respective sport or activity. These exer-
cises will likely differ depending on which sport
the person plays. For example, drills to improve
lateral weight shifting and sidestepping should
be incorporated into a program for a tennis

player, whereas drills to improve jumping and
landing are going to be more important for a
track athlete who performs the long jump. As
previously mentioned, the athletic trainer often
needs to use his or her imagination to develop
the best protocol for the patient.

Bilateral jumping drills are a good place
to begin once the patient has reached Phase
II1. The patient should begin with jumping or
hopping onto a step, or performing butt kicks
or tuck jumps, and quickly establishing a sta-
bilized position (Figures 7-20A to C). A more
dynamic exercise involves bilateral jumping
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Figure 7-20 (continued). (E)
Bilateral double-leg hop-overs to
stabilization. (F) Multiplanar hops to
stabilization.

either over a line or some object either front to
back or side-to-side. The patient should con-
centrate on landing on each side of the line as
quickly as possible (Figure 7-20D).83.84 Bilateral
dynamic balance exercises should progress to
unilateral dynamic balance exercises as quickly
as possible during Phase III. At this stage of
the rehabilitation, pain and fatigue should not
be as much of a factor. All jumping drills per-
formed bilaterally should now be performed
unilaterally by practicing first on the unin-
volved extremity. If additional challenges are
needed, a vertical component can be added by
having the patient jump over a box or other
suitable object (Figure 7-20E). As the patient
progresses through these exercises, eye closure
can be used to further challenge the patient’s
somatosensation.

After mastering these straight plane jumping
patterns, the patient can begin diagonal jump-
ing patterns through the use of a grid on the
floor formed by pieces of tape (Figure 7-20F).
The intersecting lines create 4 quadrants that
can be numbered and used to perform differ-
ent jumping sequences such as 1, 3, 2, 4 for the
first set and 1, 4, 2, 3 for the second set.”273 A
larger grid can be designed to allow for longer
sequences and longer jumps, both of which
require additional strength, endurance, and
balance control.

Another good exercise to introduce prior to
advancing to Phase III is a balance beam walk,
which can be performed against resistance to
further challenge the patient (Figure 7-21A).
Tubing can be added to dynamic unilateral

training exercises. The patient can perform sta-
tionary running against the tube’s resistance,
followed by lateral and diagonal bounding exer-
cises. Lateral bounding, which involves jump-
ing from one foot to another, places greater
emphasis on lateral movements. It is recom-
mended that the patient first learn the bound-
ing exercise without tubing, and then attempt
the exercise with tubing. A foam roll, towel,
or other obstacle can be used to increase jump
height and/or distance (Figure 7-21B). The final
step in trying to improve dynamic balance
should involve the incorporation of sport-relat-
ed activities such as throwing and catching a
ball. At this stage of the rehabilitation program,
the patient should be able to safely concentrate
on the functional activity (catching and throw-
ing), while subconsciously controlling dynamic
balance (Figure 7-21C). It is also important that
the patient incorporate any equipment from
their sport in this phase so that performance
in more real life settings can be assessed and
challenged.

DUAL-TASK BALANCE
TRAINING AND ASSESSMENT

Although the aforementioned balance train-
ing and assessment techniques are validated
and proven to be useful in the clinical set-
ting, patients typically function in a more
dynamic environment with multiple demands
placed upon them concurrently. Participation
in sport often requires patients to split their
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Figure 7-21. Controlling dynamic balance against cable or tubing resistance. (A) Forward and backward walking on a
balance board. (B) Lateral bounding in the frontal plane. (C) Catching and throwing on an unstable surface.

attention between cognitive and dynamic bal-
ance tasks. Therefore, a final progression for
patients recovering from musculoskeletal inju-
ry or neurologic injury (eg, concussion) could
be the addition of competing motor/coordina-
tion and cognitive tasks to assess the patient’s
performance with these challenges. Though
the cognitive and balance demands are unique,
the two are linked in that they rely on an
individual’s system of attention. The attention
system should be viewed as independent of the
information processing centers of the brain
and, like other systems, is able to communi-
cate with multiple systems simultaneously.68
Evidence shows the ability to selectively allocate
attention between cognitive and balance tasks,
but there is a priority for balance with increas-
ing difficulty of these tasks.8!

Once athletes progress through the initial
phases of the balance exercises, they may reach
a point where these dual-task balance exercises
can be of benefit. Keeping the patient engaged
in the patient’s rehabilitation program is impor-
tant, and these added challenges can assist in
reproducing the type of demands placed on the
patient during more physical activity or com-
petition. To better recreate these demands, the
systems should be challenged in unison to fully
assess the functional limitations of patient, as
well as train or rehabilitate these injury-related
limitations. Moreover, these types of integrated
tasks can more closely simulate real life and
sport scenarios and aid the clinician in better
understanding the athletes ability to not only
physically perform, but cognitively perform in
more intense environments and scenarios.

Clinical Decision-Making Exercise 7-5

A male soccer player is 3 weeks post-recovery from
a concussion. He reports that symptoms are no
longer present. The athletic trainer feels like the
athlete has progressed to the point that dual-task
exercises can be incorporated into the rehabilita-
tion program. Provide an example of a dual-task
exercise that can challenge the athlete.

Dual-task exercises must be clearly explained
to the patient so that he or she understands the
task at hand. The task can be sport specific, and
should follow the guidelines previously out-
lined in this chapter with respect to advancing
the exercises using more challenging stances
and surfaces.

Incorporating a cognitive task with a sport-
specific balance task can be done very easily
using different colored balls, with specific rules
or instructions provided to the patient. The
athletic trainer, standing about 15 feet away,
tosses different colored balls to the patient, who
is standing on either a double leg or single leg,
and/or firm surface, foam surface, or balance
board (Figure 7-22). The patient is told to main-
tain his or her balance while catching a blue
ball with the right hand, red ball with the left
hand, and yellow ball with both hands. Initially,
this dual task can be difficult, but the patient
should attempt to work through the increased
attention demands while allowing his or her
somatosensory system to subconsciously aid
in the maintenance of balance. The complexity
can be increased by adding additional rules. For
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Figure 7-22. Incorporating a cognitive
task with sport-specific balance.

Figure 7-23. Sport-specific cognitive tasks. (A) The athletic trainer rolls different colored balls to the patient; (B) and (C)
standing on an unstable surface. The patient must decide where to return the ball while maintaining balance.

example, the patient can be instructed to toss
the yellow ball back head high, blue ball back
waist high, and to roll back the yellow ball.
The exercises then can be made more sport
specific. For example, the therapist positions
him- or herself about 25 feet from the patient
and rolls the different colored balls to the
patient standing on either a double leg or single
leg, and/or firm surface, foam surface, or bal-
ance board (Figure 7-23). A hockey player with
a hockey stick is asked to return (aim) the blue
ball to the right side of the target, the yellow
ball to the center of the target, and the red ball

to the left side of the target. The rules can then
be changed to further challenge executive func-
tion in the context of the cognitive task (eg, now
the blue ball to the left side, the yellow ball to
the right, and the red ball to the center).

Clinical Decision-Making Exercise 7-6

A basketball player has been complaining of feel-
ing pain and laxity upon landing from a rebound.
He has no swelling or other signs of an acute
injury. What exercises should be introduced to
help improve the stability?
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Figure 7-24. Results from a step-up-and-over protocol on the NeuroCom New Balance Master’s long force plate.
(Balance Master Version 5.0 and NeuroCom are registered trademarks of NeuroCom International Inc. All Rights

Reserved.)

CLINICAL VALUE OF
HIGH-TECHNOLOGY
TRAINING AND ASSESSMENT

The benefit of using the commercially avail-
able balance systems is that not only can defi-
cits be detected, but progress can be charted
quantitatively through the computer-generat-
ed results. For example, NeuroCom’s Balance
Master (with long force plate) is capable of
assessing a patient’s ability to perform coor-
dinated movements essential for sport perfor-
mance. The system, equipped with a 5-foot-
long force platform, is capable of identifying
specific components underlying performance

of several functional tasks. Exercises are also
available on the system that then help to
improve the deficits.®?

Figure 7-24 shows the results of a step-
up-and-over test. The components that are
analyzed in this particular task are (a) Lift-Up
Index—quantifies the maximum lifting (con-
centric) force exerted by the leading leg and is
expressed as a percentage of the person’s weight;
(b) Movement Time—quantifies the number of
seconds required to complete the task, begin-
ning with initial weight shift to the nonstep-
ping leg and ending with impact of the lagging
leg onto the surface; and (c) Impact Index—
quantifies the maximum vertical impact force
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(percent of body weight) as the lagging leg lands
on the surface.

Research on the clinical applicability of
these measures has revealed interesting results.
Preliminary observations from 2 studies in
progress suggest that deficits in impact control
are a common feature of patients with ACL
injuries, even when strength and ROM of the
involved knee are within normal limits. Several
other performance assessments are available on
this system, including sit to stand, walk test,
step and quick turn, forward lunge, weightbear-
ing/squat, and rhythmic weight shift.

SUMMARY

1. Balance is a highly integrative, dynam-
ic process involving multiple neurologic
pathways and is the most important ele-
ment when dictating movement strategies
in the closed kinetic chain. The postural
control system operates as a feedback con-
trol circuit between the brain and the mus-
culoskeletal system.

2. The CNS’s involvement in maintaining
upright posture can be divided into 2
components. The first component, sen-
sory organization, involves those processes
that determine the timing, direction, and
amplitude of corrective postural actions
based upon information obtained from the
vestibular, visual, and somatosensory (pro-
prioceptive) inputs. The second compo-
nent, muscle coordination, is the collection
of processes that determine the temporal
sequencing and distribution of contractile
activity among the muscles of the legs and
trunk that generate supportive reactions
for maintaining balance.

3. Separating the sensory and motor pro-
cesses of balance means that a person
may have impaired balance for 1 or a
combination of 2 reasons: the position of
the COG relative to the base of support is
not accurately sensed and/or the automatic
movements required to bring the COG to a
balanced position are not timely or effec-
tively coordinated.

4. Subjective and objective (quantifiable)
balance assessments are available. Some
require more technology and training to
utilize. It is important to understand the
goals and characteristics (reliability, valid-
ity, etc) of the tool and the practical appli-
cation to one’s clinical environment.

5. A combination of one or more strategies
(ankle, knee, hip) are used to coordinate
movement of the COG back to a stable or
balanced position when a person’s balance
is disrupted by an external perturbation.
Injury to any one of the joints or corre-
sponding muscles along the kinetic chain
can result in a loss of appropriate feedback
for maintaining balance.

6. If the ankle strategy is not capable of con-
trolling excessive sway, the hip strategy
is available to help control motion of the
COG through the initiation of large and
rapid motions at the hip joints with anti-
phase rotation of the ankles. However, if
the movement is too great to overcome, a
stepping strategy may be utilized.

7. Development of a balance training pro-
gram, especially postinjury, is an essential
part of the rehabilitation process. In gen-
eral, the rehabilitation balance progres-
sion should: (1) Be safe, yet challenging;
(2) Stress multiple planes of motion; (3)
Incorporate a multisensory approach; (4)
Begin with static, bilateral, and stable sur-
faces and progress to dynamic, unilateral,
and unstable surfaces; and (5) Progress
toward sport-specific exercises.

8. Dual-task or divided attention activities
may be incorporated into the balance train-
ing program to make the program more
engaging and to tax cognitive resources in
the presence of physical tasks, mimicking
sport and real life activities.

9. There are advances in high-technology-
based balance assessments ranging from
gait mats to Smartphone applications that
may provide clinicians with more objective
data. However, clinicians should ensure the
tools has evidence to support its reliability,
validity, and feasibility.
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SOLUTIONS TO CLINICAL
DECISION-MAKING
EXERCISES

Exercise 7-1. A preseason baseline score can
be obtained on a measure such as the BESS
for all athletes, and then used for a postinjury
comparison. Because there is such variability
within many of the balance measures, it is
important to make comparisons only to an
athlete’s individual baseline measure and not to
a normal score. It is best to determine recovery
on a measure by using the number of standard
deviations away from the baseline. For example,
scores on the BESS that are more than 2 stan-
dard deviations or 6 total points would be con-
sidered abnormal. Repeated assessments during
the course of a rehabilitation progression can be
used to determine the effectiveness of the bal-
ance exercises.

Exercise 7-2. The athletic trainer should first
ensure that the patient has the necessary pain-
free ROM and muscular strength to complete
the tasks that are being incorporated into the
program. Additionally, for exercises beyond
the Phase 1 static exercises, the patient must be
beyond the acute inflammatory phase of tissue
response to injury. Once these factors have been
considered, the athletic trainer should focus on
developing a protocol that is safe yet challeng-
ing, stresses multiple planes of motion, and
incorporates a multisensory approach.

Exercise 7-3. It should be explained to the
patient, at the outset, that the goal is to chal-
lenge his or her motor control system to the
point that the last 2 repetitions of each set of
exercises should be difficult to perform. When
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the last 2 repetitions are no longer challenging
to the athlete, he or she should be progressed
to the next exercise. This can be determined
through subjective information reported from
the athlete, as well as the athletic trainer’s
objective observations. It is very important to
provide a variety of exercises and levels of exer-
cises so that the patient maintains a high level
of motivation.

Exercise 7-4. It will be important for the
athletic trainer to begin slowly with Phase I and
IT balance exercises to determine the patient’s
readiness to move into more dynamic tasks as
part of Phase III. The progression outlined in
the solution to Exercise 7-2 should be followed.
However, this is an example of how the athletic
trainer can begin to personalize the exercise
routine. A tennis player competing at a high
level will need to perform a lot of lateral move-
ment along the baseline, therefore necessitating
the inclusion of dynamic balance exercises and
weight shifts in the frontal plane. Several of
the exercises described in this chapter would
provide a good starting point for the athletic
trainer in accomplishing this goal.

Exercise 7-5. An example would be to have
the athlete stand in a single-leg stance on a

minitramp. The athletic trainer tosses a ball
randomly to the athlete, who must catch it with
alternating hands and then toss the ball back
to the athletic trainer while maintaining his or
her balance.

Exercise 7-6. This patient most likely has
a functionally unstable ankle. Research has
shown that balance exercises can help improve
functional ankle instability. In this situation,
the athletic trainer probably can skip Phase I
exercises and move directly to Phase II and III
exercises. The athletic trainer should design a
program that incorporates challenging unilat-
eral multidirectional exercises involving a mul-
tisensory approach (eyes open and eyes closed).
The progression should include the progression
suggested in this chapter that includes the
foam, BOSU Balance Trainer, Dynadisc, BAPS
board, Extreme Balance Board, balance beam,
and Balance Shoes. Lateral and diagonal hop-
ping exercises will also be a vital part of this
protocol. The goal should be to help strengthen
the dynamic and static stabilizers surrounding
the ankle joint. This should result in rebuilding
some of the afferent pathways and ultimately
improving ankle joint stability.

Please see videos on the accompanying website at
www.healio.com/books/sportsmedvideos7e
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Figure 8-1. Extreme flexibility.
Certain dance and athletic activities
require extreme flexibility for
successful performance.

When injury occurs, there is almost always
some associated loss of the ability to move nor-
mally. Loss of motion may be a result of pain,
swelling, muscle guarding, or spasm; inactivity
resulting in shortening of connective tissue and
muscle; loss of neuromuscular control; or some
combination of these factors. Restoring normal
range of motion (ROM) following injury is
one of the primary goals in any rehabilitation
program.66 Thus, the athletic trainer must rou-
tinely include interventions designed to restore
normal ROM to regain normal function.

Flexibility has been defined as the ability
to move a joint or series of joints through a
full, nonrestricted, pain-free ROM.3:33:37:40,53
Flexibility is dependent on a combination of (a)
joint ROM, which may be limited by the shape
of the articulating surfaces and by capsular and
ligamentous structures surrounding that joint;
and (b) muscle flexibility, or the ability of the
musculotendinous unit to lengthen.%®

Flexibility involves the ability of the neuro-
muscular system to allow for efficient move-
ment of a joint through a ROM.3:8:50 Flexibility
can be discussed in relation to movement
involving only one joint, such as the knees, or

movement involving a whole series of joints,
such as the spinal vertebral joints, that must all
move together to allow smooth flexion, exten-
sion, side-bending, or rotation of the trunk.”!
Lack of flexibility in one joint or movement can
affect the entire kinetic chain. A person might
have good ROM in the ankles, knees, hips,
back, and one shoulder joint but lack normal
movement in the other shoulder joint; this is a
problem that needs to be corrected before the
person can function normally.1!

This chapter concentrates primarily on
rehabilitative techniques used to increase the
length of the musculotendinous unit and its
associated fascia, as well as restricted neural
tissue. In addition, a discussion of a variety
of manual therapy techniques including myo-
fascial release, strain/counterstrain, positional
release therapy, soft tissue mobilization, mas-
sage, structural integration, and postural resto-
ration (PRI) as they relate to improving mobil-
ity will be included. Joint mobilization and
traction techniques used to address tightness
in the joint capsule and surrounding ligaments
are discussed in Chapter 13. Loss of the ability
to control movement as a result of impairment
in neuromuscular control was discussed in

Chapter 6.

IMPORTANCE OF FLEXIBILITY
TO THE PATIENT

Maintaining a full, nonrestricted ROM has
long been recognized as essential to normal
daily living. Lack of flexibility can also create
uncoordinated or awkward movement patterns
resulting from lost neuromuscular control.
In most patients, functional activities require
relatively “normal” amounts of flexibility.64
However, some sport activities such as gym-
nastics, ballet, diving, karate, and especially
dance require increased flexibility for superior
performance (Figure 8-1).70

For many years, stretching has been consid-
ered an essential part of the training regimen for
both recreational and elite athletes and is used
across all disciplines for warm-up, enhancing
performance, and preventing injury.6

It is generally accepted that a period of
warm-up exercises should take place before a
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training session begins, although a systematic
review of the evidence-based literature reveals
that there is insufficient evidence to endorse
or discontinue a warm-up prior to exercise to
prevent injuries, although the weight of the
evidence favors a decreased risk of injury.30
Nevertheless, most athletic trainers would
agree empirically that a warm-up period is
a precaution against unnecessary musculo-
skeletal injuries and possible muscle soreness.
Some evidence suggests that a good dynamic
warm-up may also improve certain aspects of
performance.3!

The accepted technique was to perform a
light jog followed by some static stretching. A
more contemporary approach to the warm-up
is to use an active, or dynamic, stretching to
prepare for physical activity

A recent study found that neither short- or
moderate-duration static nor dynamic stretch-
ing influence flexibility, sprint running, jump-
ing, or agility performances following a pre-
exercise warm-up routine.l3 Further, it was
shown that small-to-moderate reductions in
muscle injury risk in running sports resulted
from engaging in static stretching in a pre-
exercise warm-up. It was added that there is
a positive psychological effect from engaging
in a warm-up that included static or dynamic
stretching that allowed for individuals to feel
more confident when subsequently participat-
ing in sport activities.

A review of the evidence-based informa-
tion in the literature looking at the relation-
ship between flexibility and improved perfor-
mance is, at best, conflicting and inconclu-
sive.8,28,46,74,79,86 Although many studies con-
ducted through the years have suggested that
stretching improves performance,8:11,22,46,63
several studies have found that stretching causes
decreases in performance parameters such as
strength, endurance, power, joint position sense,
and reaction times.8917:28,49,52,62,69,73,80,87

The same can be said when examining the
relationship between flexibility and reducing
the incidence of injury. Although it is gener-
ally accepted that good flexibility reduces the
likelihood of injury, a true cause-and-effect
relationship has not been clearly established in
the literature.>21,49,56,63
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Figure 8-2. Excessive joint motion, such as the
hyperextended elbow, can predispose a joint to injury.

Clinical Decision-Making Exercise 8-1

A gymnast is out of practice for 2 weeks because
of a stress fracture in her tibia. Why is it essential
to incorporate flexibility into the rehabilitation
program for this injury?

ANATOMIC FACTORS THAT
LIMIT FLEXIBILITY

A number of anatomic factors can limit the
ability of a joint to move through a full, unre-
stricted ROM.6¢ Muscles and their tendons,
along with their surrounding fascial sheaths, are
most often responsible for limiting ROM. When
performing stretching exercises to improve flex-
ibility about a particular joint, you are attempt-
ing to take advantage of the highly elastic prop-
erties of a muscle. Over time, it is possible to
increase the elasticity, or the length that a given
muscle can be stretched. Persons who have a
good deal of movement at a particular joint tend
to have highly elastic and flexible muscles.

Connective tissue surrounding the joint,
such as ligaments on the joint capsule, can be
subject to contractures. Ligaments and joint
capsules have some elasticity; however, if a
joint is immobilized for a period, these struc-
tures tend to lose some elasticity and actually
shorten. This condition is most commonly seen
after surgical repair of an unstable joint, but it
can also result from long periods of inactivity.

It is also possible for a person to have rela-
tively slack ligaments and joint capsules. These
people are generally referred to as being loose
jointed. Examples of this trait would be an
elbow or knee that hyperextends beyond 180
degrees (Figure 8-2). Frequently, there is insta-
bility associated with loose jointedness that
can present as great a problem in movement as
ligamentous or capsular contractures.
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Bony structure can restrict the end point in
the range. An elbow that has been fractured
through the joint might lay down excess cal-
cium in the joint space, causing the joint to lose
its ability to fully extend. However, in many
instances, we rely on bony prominences to stop
movements at normal end points in the range.

Fat can also limit the ability to move through
a full ROM. A person who has a large amount
of fat on the abdomen might have severely
restricted trunk flexion when asked to bend
forward and touch the toes. The fat can actas a
wedge between 2 lever arms, restricting move-
ment wherever it is found.

Skin might also be responsible for limiting
movement. For example, a person who has had
some type of injury or surgery involving a tear-
ing incision or laceration of the skin, particu-
larly over a joint, will have inelastic scar tissue
formed at that site. This scar tissue is incapable
of stretching with joint movement.

Over time, skin contractures caused by scar-
ring of ligaments, joint capsules, and musculo-
tendinous units are capable of improving elas-
ticity to varying degrees through stretching.
With the exception of bone structure, age, and
gender, all the other factors that limit flexibility
can be altered to increase range of joint motion.

Neural tissue tightness resulting from acute
compression, chronic repetitive microtrauma,
muscle imbalances, joint dysfunction, or poor
posture can create morphologic changes in
neural tissues. These changes might include
intraneural edema, tissue hypoxia, chemical
irritation, or microvascular stasis—all of which
could stimulate nociceptors, creating pain. Pain
causes muscle guarding and spasm to protect
the inflamed neural structures, and this alters
normal movement patterns. Eventually, neural
fibrosis results, which decreases the elasticity of
neural tissue and prevents normal movement
within surrounding tissues.24

Clinical Decision-Making Exercise 8-2

Two days after an intense weight-lifting workout,
a football player is complaining of quad pain. The
athletic trainer determines that the athlete has
delayed-onset muscle soreness. The soreness is pre-
venting the athlete from getting a sufficient stretch.
What can be done to optimize his stretching?

ACTIVE AND PASSIVE RANGE
OF MOTION

Active ROM, also called dynamic flexibil-
ity, refers to the degree to which a joint can
be moved by a muscle contraction, usually
through the midrange of movement. Dynamic
flexibility is not necessarily a good indicator of
the stiffness or looseness of a joint because it
applies to the ability to move a joint efficiently,
with little resistance to motion.>? Passive ROM,
sometimes called static flexibility, refers to the
degree to which a joint can be passively moved
to the end points in the ROM. No muscle con-
traction is involved to move a joint through
a passive range. When a muscle actively con-
tracts, it produces a joint movement through
a specific ROM.6> However, if passive pressure
is applied to an extremity, it is capable of mov-
ing farther in the ROM. It is essential in sports
activities that an extremity be capable of mov-
ing through a nonrestricted ROM.®> Passive
ROM is important for injury prevention. There
are many situations in physical activity in
which a muscle is forced to stretch beyond its
normal active limits. If the muscle does not
have enough elasticity to compensate for this
additional stretch, it is likely that the musculo-
tendinous unit will be injured.

Assessment of Active and
Passive Range of Motion

Accurate measurement of active and passive
range of joint motion is difficult.”l Various
devices have been designed to accommodate
variations in the size of the joints, as well as the
complexity of movements in articulations that
involve more than one joint.”! Of these devices,
the simplest and most widely used is the goni-
ometer (Figure 8-3A).

A goniometer is a large protractor with
measurements in degrees. By aligning the indi-
vidual arms of the goniometer parallel to the
longitudinal axis of the 2 segments involved
in motion about a specific joint, it is possible
to obtain reasonably accurate measurement of
range of movement.®> To enhance reliability,
standardization of measurement techniques
and methods of recording active and pas-
sive ROMs are critical in individual clinics
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Figure 8-3. Measurement of active knee joint flexion using (A) a universal goniometer or (B) a digital goniometer.
A goniometer can be used to measure the angle between the femur and the fibula, giving degrees of flexion and
extension. To maximize consistency in measurement, it is helpful if the same person takes sequential goniometric

measurement.

where successive measurements might be taken
by different clinicians to assess progress.3°

Table 8-1 Active Range of

Table 8-1 provides a list of what would be con- Motion by Joint
sidered normal active ranges for movements at | joint A Degrees
various joints. of Motion
The g(?ni(?meter I?as an impolrta.nt place .in Shoulder Flexion 0 t0 180
a rehabilitation setting, where it is essential .
. S N, Extension 0to 50
to assess improvement in joint flexibility to
modify injury rehabilitation programs. Abduction 010 180
In some clinics a digital inclinometer is Medial rotation [ 0to 90
used instead of a goniometer (Figure 8-3B). Lateral rotation 0t0 90
An inclinometer is a more precise measuring Flexion 0to 90
instrument with high reliability that has .mlost Elbow Flexion 0 t0 160
often been used in research settings. Digital :
inclinometers are affordable and can easily be el e 0030
used to accurately measure ROM of all joints of Supination 01090
the body from complex movements of the spine | Wrist Flexion 0t0 90
and large joints of the extremities to the small Extension 0to 70
joints of fingers and toes. Abduction 010 25
Adduction 0to 65
STRETCHING TO IMPROVE o —— —
MOBILITY Extension O0to 15
The goal of any effective stretching pro- Abductfon 01043
gram should be to improve the ROM at a given Addtctien Vi 18
articulation by altering the extensibility of the Medial rotation [ 0to 45
neuromusculotendinous units that produce Lateral rotation 0 to 45
movement at that joint. It is well documented [ gnee Hodion 0to 140
that exercises that stretch these neuromusculo- :
. ) . . . ) Ankle Plantar flexion 0to 45
tendinous units and their fascia over time will o
increase the range of movement possible about Do) 01020
a given joint.8 Foot Inversion 0to 30
Eversion 0to 10
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For many years, the efficacy of stretching in
improving ROM has been theoretically attrib-
uted to neurophysiologic phenomena involving
the stretch reflex. However, an extensive review
of the existing literature suggests that improve-
ments in ROM resulting from stretching must
be explained by mechanisms other than the
stretch reflex.2! Studies reviewed indicate that
changes in the ability to tolerate stretch and/or
the viscoelastic properties of the stretched mus-
cle are possible mechanisms. The vast majority
of the theories relative to muscle lengthening
resulting from stretching attribute the increases
to mechanical changes. A more recent theory
attributes muscle lengthening to an alteration
of sensation that changes the patients percep-
tion of when stretching elicits pain, allowing
the muscle to be stretched to a greater length.91

NEUROPHYSIOLOGIC BASIS
OF STRETCHING

Every muscle in the body contains various
types of mechanoreceptors that, when stimu-
lated, inform the central nervous system of
what is happening with that muscle.3® Two of
these mechanoreceptors are important in the
stretch reflex: the muscle spindle and the Golgi
tendon organ. Both types of receptors are sen-
sitive to changes in muscle length. The Golgi
tendon organs are also affected by changes in
muscle tension.38

When a muscle is stretched, both the muscle
spindles and the Golgi tendon organs immedi-
ately begin sending a volley of sensory impulses
to the spinal cord. Initially, impulses coming
from the muscle spindles inform the central ner-
vous system that the muscle is being stretched.
Impulses return to the muscle from the spinal
cord, causing the muscle to reflexively contract,
thus resisting the stretch.3® The Golgi tendon
organs respond to the change in length and the
increase in tension by firing off sensory impuls-
es of their own to the spinal cord. If the stretch
of the muscle continues for an extended period
(at least 6 seconds), impulses from the Golgi
tendon organs begin to override muscle spindle
impulses. The impulses from the Golgi tendon
organs, unlike the signals from the muscle
spindle, cause a reflex relaxation of the antago-
nist muscle.2! This reflex relaxation serves as

a protective mechanism that will allow the
muscle to stretch through relaxation without
exceeding the extensibility limits, which could
damage the muscle fibers.2! This relaxation of
the antagonist muscle during contractions is
referred to as autogenic inhibition.

In any synergistic muscle group, a contrac-
tion of the agonist causes a reflex relaxation
in the antagonist muscle, allowing it to stretch
and protecting it from injury. This phenom-
enon is referred to as reciprocal inhibition%4 (see
Figure 12-32).

EFFECTS OF STRETCHING

ON THE PHYSICAL AND
MECHANICAL PROPERTIES OF
MUSCLE

The neurophysiologic mechanisms of both
autogenic and reciprocal inhibition result in
reflex relaxation with subsequent lengthening
of a muscle. Thus, the mechanical properties of
that muscle that physically allow lengthening to
occur are dictated via neural input.

Both muscle and tendon are composed large-
ly of noncontractile collagen and elastin fibers.
Collagen enables a tissue to resist mechanical
forces and deformation, whereas elastin com-
poses highly elastic tissues that assist in recov-
ery from deformation.48

Collagen has several mechanical and physi-
cal properties that allow it to respond to loading
and deformation, permitting it to withstand
high tensile stress.2? The mechanical properties
of collagen include elasticity, which is the capa-
bility to recover normal length after elongation;
viscoelasticity, which allows for a slow return to
normal length and shape after deformation; and
plasticity, which allows for permanent change or
deformation.29 The physical properties include
force-relaxation, which indicates the decrease in
the amount of force needed to maintain a tissue
at a set amount of displacement or deformation
over time; the creep response, which is the abil-
ity of a tissue to deform over time while a con-
stant load is imposed; and hysteresis, which is
the amount of relaxation a tissue has undergone
during deformation and displacement. If the
mechanical and physical limitations of connec-
tive tissue are exceeded, injury results.2?
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Unlike tendon, muscle also has active con-
tractile components that are the actin and
myosin myofilaments. Collectively, the con-
tractile and noncontractile elements determine
the muscle’s capability of deforming and recov-
ering from deformation.2?

Both the contractile and noncontractile
components appear to resist deformation when
a muscle is stretched or lengthened. The per-
centage of their individual contribution to
resisting deformation depends on the degree
to which the muscle is stretched or deformed
and on the velocity of deformation. The non-
contractile elements are primarily resistant to
the degree of lengthening, while the contractile
elements limit high-velocity deformation. The
greater the stretch, the more the noncontractile
components contribute.2?

Lengthening of a muscle via stretching
allows for viscoelastic and plastic changes to
occur in the collagen and elastin fibers. The vis-
coelastic changes that allow slow deformation
with imperfect recovery are not permanent.
However, plastic changes, although difficult to
achieve, result in residual or permanent change
in length due to deformation created by long
periods of stretching.2?

The greater the velocity of deformation, the
greater the chance for exceeding that tissue’s
capability to undergo viscoelastic and plastic
change.??

EFFECTS OF STRETCHING ON
THE KINETIC CHAIN

Joint hypomobility is one of the most fre-
quently treated causes of pain. However, the
etiology can usually be traced to faulty posture,
muscular imbalances, and abnormal neuro-
muscular control.24 Once a particular joint has
lost its normal arthrokinematics, the muscles
around that joint attempt to minimize the
stress at that involved segment. Certain muscles
become tight and hypertonic to prevent addi-
tional joint translation. If one muscle becomes
tight or changes its degree of activation, then
synergists, stabilizers, and neutralizers have to
compensate, leading to the formation of com-
plex neuromusculoskeletal dysfunctions.
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Muscle tightness and hypertonicity have a
significant impact on neuromuscular control.
Muscle tightness affects the normal length-ten-
sion relationships. When one muscle in a force-
couple becomes tight or hypertonic, it alters
the normal arthrokinematics of the involved
joint. This affects the synergistic function of
the entire kinetic chain, leading to abnormal
joint stress, soft tissue dysfunction, neural com-
promise, and vascular/lymphatic stasis. These
result in alterations in recruitment strategies
and stabilization strength. Such compensations
and adaptations affect neuromuscular efficien-
cy throughout the kinetic chain. Decreased
neuromuscular control alters the activation
sequence or firing order of different muscles
involved, and a specific movement is disturbed.
Prime movers may be slow to activate, while
synergists, stabilizers, and neutralizers substi-
tute and become overactive. When this is the
case, new joint stresses will be encountered.24
For example, if the psoas is tight or hyperactive,
then the gluteus maximus will have decreased
neural drive. If the gluteus maximus (prime
mover during hip extension) has decreased
neural drive, then synergists (hamstrings),
stabilizers (erector spinae), and neutralizers
(piriformis) substitute and become overactive
(synergistic dominance). This creates abnormal
joint stress and decreased neuromuscular con-
trol during functional movements.

Muscle tightness also causes reciprocal inhi-
bition. Increased muscle spindle activity in a
specific muscle will cause decreased neural
drive to that muscle’s functional antagonist.
This alters the normal force-couple activity,
which, in turn, affects the normal arthrokine-
matics of the involved segment. For example, if
a patient has tightness or hypertonicity in the
psoas, then the functional antagonist (gluteus
maximus) can be inhibited (decreased neural
drive), causing decreased neuromuscular con-
trol. This, in turn, leads to synergistic domi-
nance—the neuromuscular phenomenon that
occurs when synergists compensate for a weak
and/or inhibited muscle to maintain force pro-
duction capabilities.24 This process alters the
normal force-couple relationships, which, in
turn, creates a chain reaction.
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IMPORTANCE OF INCREASING
MUSCLE TEMPERATURE
PRIOR TO STRETCHING

To most effectively stretch a muscle dur-
ing a program of rehabilitation, intramuscu-
lar temperature should be increased prior to
stretching.>> Increasing the temperature has
a positive effect on the ability of the collagen
and elastin components within the musculo-
tendinous unit to deform. Also, the capability
of the Golgi tendon organs to reflexively relax
the muscle through autogenic inhibition is
enhanced when the muscle is heated. It appears
that the optimal temperature of muscle to
achieve these beneficial effects is 39°C (103°F).
This increase in intramuscular temperature can
be achieved either through low-intensity warm-
up-type exercise or through the use of various
therapeutic modalities.!> It is recommended
that exercise be used as the primary means for
increasing intramuscular temperature.

The use of cold prior to stretching also
has been recommended.!> Cold appears to
be most useful when there is some muscle
guarding associated with delayed-onset muscle
soreness.!4 However, it has been demonstrated
that cryotherapy induces an increase in muscle
stiffness and, thus, muscle mechanical proper-
ties may lower the amount of stretch that the
muscle tissue is able to sustain without subse-
quent injury.67

Clinical Decision-Making Exercise 8-3

Following anterior cruciate ligament surgery, one
of the first goals of rehabilitation is to regain full
ROM. How can improvements in knee extension
be quantified for day-to-day record keeping?

STRETCHING TECHNIQUES

Stretching techniques for improving flex-
ibility have evolved over the years.4 The oldest
technique for stretching is ballistic stretch-
ing, which makes use of repetitive bouncing
motions. A second technique, known as static
stretching, involves stretching a muscle to the
point of discomfort and then holding it at that
point for an extended time. This technique has

been used for many years. Another group of
stretching techniques, known collectively as
proprioceptive neuromuscular facilitation (PNF)
techniques, involving alternating contractions
and stretches, also has been recommended.4>89
Although dynamic stretching is the newest of
the 4 stretching techniques, in the athletic pop-
ulation, it has become the stretching technique
of choice. Dynamic stretching uses controlled
functional movements to stretch muscles. Most
recently, emphasis has been on the contribu-
tion of stretching myofascial tissue, as well as
stretching tight neural tissue, in enhancing the
ability of the neuromuscular system to effi-
ciently control movement through a full ROM.
Researchers have had considerable discussion
about which of these techniques is most effec-
tive for improving ROM, and no clear-cut con-
sensus currently exists.8:11,56,89

Agonist vs Antagonist Muscles

Before discussing the different stretching
techniques, it is essential to define the terms
agonist muscle and antagonist muscle. Most
joints in the body are capable of more than
one movement. The knee joint, for example, is
capable of flexion and extension. Contraction
of the quadriceps group of muscles on the front
of the thigh causes knee extension, whereas
contraction of the hamstring muscles on the
back of the thigh produces knee flexion.

To achieve knee extension, the quadriceps
group contracts while the hamstring muscles
relax and stretch. Muscles that work in concert
with one another in this manner are called
synergistic muscle groups.3’” The muscle that
contracts to produce a movement (in this case,
the quadriceps) is referred to as the agonist
muscle. The muscle being stretched in response
to contraction of the agonist muscle is called
the antagonist muscle.37 In this example of
knee extension, the antagonist muscle would
be the hamstring group. Some degree of bal-
ance in strength must exist between agonist
and antagonist muscle groups. This balance
is necessary for normal, smooth, coordinated
movement, as well as for reducing the likeli-
hood of muscle strain caused by muscular
imbalance. Comprehension of this synergistic
muscle action is essential to understanding the
various techniques of stretching.
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Ballistic Stretching

Over the years, many fitness experts have
questioned the safety of the ballistic stretching
technique. Their concerns have been primar-
ily based on the idea that ballistic stretching
creates somewhat uncontrolled forces within
the muscle that can exceed the extensibil-
ity limits of the muscle fiber, thus producing
small microtears within the musculotendinous
unit.3%74112 Certainly, this might be true in
sedentary individuals or perhaps in individuals
who have sustained muscle injuries.48

Dynamic Stretching

Successive, forceful contractions of the
agonist muscle that result in stretching of the
antagonist muscle may cause muscle soreness.
For example, forcefully kicking a soccer ball
50 times may result in muscle soreness of the
hamstrings (antagonist muscle) as a result of
eccentric contraction of the hamstrings to con-
trol the dynamic movement of the quadriceps
(agonist muscle). Stretching that is controlled
usually does not cause muscle soreness.? This is
the difference between ballistic stretching and
dynamic stretching. The argument has been
that dynamic stretching exercises are more
closely related to the types of activities that ath-
letes engage in and should be considered more
functional. %1730 Thus, dynamic stretching
exercises are routinely recommended for ath-
letes prior to beginning an activity (Figure 8-4).

A progressive velocity flexibility program has
been proposed that takes the patient through a
series of stretching exercises where the velocity
of the stretch and the range of lengthening are
progressively controlled.8 The stretching exercises
progress from slow static stretching to slow, short,
end-range stretching, to slow, full-range stretch-
ing, to fast, short, end-range stretching, and to
fast, full-range stretching.8 This program allows
the patient to control both the range and the speed
with no assistance from an athletic trainer.

Clinical Decision-Making Exercise 8-4

During a preseason screening, you observe that a
rower has only 120 degrees of knee flexion. What
are some of the things that might be limiting this
motion?
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Figure 8-4. Dynamic stretching exercises are more
closely related to the types of activities that athletes
engage in and should be considered more functional.

Static Stretching

The static stretching technique is another
extremely effective and widely used technique of
stretching.® This technique involves stretching
a given antagonist muscle passively by placing it
in a maximal position of stretch and holding it
there for an extended time. Recommendations
for the optimal time for holding this stretched
position vary, ranging from as short as 3 sec-
onds to as long as 60 seconds.>? Several studies
indicate that holding a stretch for 15 to 30 sec-
onds is the most effective for increasing muscle
flexibility.8-46,58.62 Stretches lasting longer than
30 seconds seem to be uncomfortable. A static
stretch of each muscle should be repeated 3 or
4 times. A static stretch can be accomplished
by using a contraction of the agonist muscle
to place the antagonist muscle in a position
of stretch. A passive static stretch requires the
use of body weight, assistance from an athletic
trainer or partner, or use of a T-bar, primarily
for stretching the upper extremity.

Proprioceptive Neuromuscular
Facilitation Stretching
PNF techniques were first used by physical

therapists for treating patients who had various
neuromuscular disorders.324> More recently,
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PNF stretching exercises have increasingly been
used as a stretching technique for improving
flexibility. 36:45:47:48,52,59,81,89

There are 3 different PNF techniques used
for stretching: contract-relax, hold-relax, and
slow reversal-hold-relax.#5> All 3 techniques
involve some combination of alternating iso-
metric or isotonic contractions and relaxation
of both agonist and antagonist muscles (eg, a
10-second pushing phase followed by a 10-sec-
ond relaxing phase).

Contract-relax is a stretching technique that
moves the body part passively into the agonist
pattern. The patient is instructed to push by
contracting the antagonist (the muscle that will
be stretched) isotonically against the resistance
of the athletic trainer. The patient then relaxes
the antagonist while the athletic trainer moves
the part passively through as much range as
possible to the point where limitation is again
felt. This contract-relax technique is beneficial
when ROM is limited by muscle tightness.

Hold-relax is very similar to the contract-
relax technique.l It begins with an isometric
contraction of the antagonist (the muscle that
will be stretched) against resistance, combined
with light pressure from the therapist to pro-
duce maximal stretch of the antagonist. This
technique is appropriate when there is muscle
tension on one side of a joint and may be used
with either the agonist or the antagonist. This
technique is also referred to as a muscle energy
technique and will be discussed in Chapter 12.19

Slow reversal-hold-relax, also occasional-
ly referred to as the contract-relax-agonist-
contraction technique, begins with an isotonic
contraction of the agonist, which often limits
ROM in the agonist pattern, followed by an
isometric contraction of the antagonist (the
muscle that will be stretched) during the push
phase. During the relax phase, the antagonists
are relaxed while the agonists are contracting,
causing movement in the direction of the ago-
nist pattern and thus stretching the antagonist.
This technique, like the contract-relax and
hold-relax, is useful for increasing ROM when
the primary limiting factor is the antagonistic
muscle group. PNF stretching techniques can
be used to stretch any muscle in the body.11,25,36

PNF stretching techniques are perhaps best
performed with a partner, although they may
also be done using a wall as resistance.

Comparing Stretching Techniques

Although all 4 stretching techniques dis-
cussed to this point have been demonstrated
to effectively improve flexibility, there is still
considerable debate as to which technique pro-
duces the greatest increases in range of move-
ment.8:17:48,50,72 The ballistic technique is often
used by individuals involved in dynamic activ-
ity, despite its potential for causing muscle sore-
ness in the sedentary individual. In physically
active individuals, it is unlikely that ballistic
stretching will result in muscle soreness.

Static stretching is perhaps the most widely
used technique.8 It is a simple technique and
does not require a partner. A fully nonrestrict-
ed ROM can be attained through static stretch-
ing over time.

Much research has been done comparing
ballistic and static stretching techniques for the
improvement of flexibility.12:48 Static and bal-
listic stretching appear to be equally effective in
increasing flexibility, and there is no significant
difference between the two.48 However, much
of the literature states that, with static stretch-
ing, there is less danger of exceeding the exten-
sibility limits of the involved joints because the
stretch is more controlled. Most of the literature
indicates that ballistic stretching is apt to cause
muscular soreness, especially in sedentary indi-
viduals, whereas static stretching generally does
not cause soreness and is commonly used in
injury rehabilitation of sore or strained mus-
cles.48,56,96 Static stretching is likely a much
safer stretching technique, especially for sed-
entary individuals. However, because many
physical activities involve dynamic movement,
stretching in a warm-up should begin with
static stretching followed by dynamic stretch-
ing, which more closely resembles the dynam-
ic activity.>> Several studies have shown that
dynamic stretching is effective for improving
ROM,%42 but there does not appear to be
any difference between static and dynamic
stretching for preventing injury.> Dynamic
stretching in the cool-down period has been
recommended for increasing joint ROM as well
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nerve. (C) Sciatic nerve. (D) Slump position.

as reducing muscle injuries with no significant
effects on subsequent athletic performance.8
PNF stretching techniques are capable of pro-
ducing dramatic increases in ROM during one
stretching session.? Studies comparing static
and PNF stretching suggest that PNF stretch-
ing is capable of producing greater improve-
ment in flexibility over an extended training
period.33:5 The major disadvantage of PNF
stretching is that a partner is usually required
to assist with the stretch, although stretching
with an athletic trainer or partner can have
some motivational advantages.

How long increases in muscle flexibility can
be sustained once stretching stops is debat-
able.8:60.82 One study indicated that a signifi-
cant loss of flexibility was evident after only 2
weeks.8 Another showed that strength deficits
following static stretching persisted for only
10 minutes and then returned to normal.60
It was recommended that flexibility can be
maintained by engaging in stretching activi-
ties at least once per week. However, to see

Figure 8-5. Neural tension stretches. (A) Median nerve. (B) Radial

improvement in flexibility, stretching must be
done 3 to 5 times per week.8

Clinical Decision-Making Exercise 8-5

A high school freshman cross-country runner
needs to know how to best stretch on his own.
What should he know about how far to go in his
stretch, and how long he should hold it?

Stretching Neural Structures

The athletic trainer should be able to dif-
ferentiate between tightness in the musculoten-
dinous unit and abnormal neural tension. The
patient should perform both active and passive
multiplanar movements that create tension in
the neural structures that are exacerbating pain,
limiting ROM, and increasing neural symp-
toms, including numbness and tingling (Figure
8-5).24 For example, the straight-leg raising test
not only applies pressure to the sacroiliac joint
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A

Quadriceps. (B) Hip abductors. (C) Piriformis.

cell, but also may indicate a problem in the
sciatic nerve (Figure 8-5C). Internally rotating
and adducting the hip increases the tension
on the neural structures in both the greater
sciatic notch and the intervertebral foramen.
An exacerbation of pain from 30 to 60 degrees
indicates some sciatic nerve involvement. If
dorsiflexing the ankle with maximum straight
leg raising increases the pain, then the pain is
likely caused by some nerve root (L3-L4, S1-S3)
or sciatic nerve irritation. Figure 8-5 shows the
assessment and stretching positions for neural
tension in the median, radial, and sciatic nerves
as well as the vertebral nerve roots in the spine.

Clinical Decision-Making Exercise 8-6

A coach asks the athletic trainer for recommenda-
tions for stretching to help improve the flexibility
of his players. What 4 types of stretches could be
recommended, and what are the advantages and
disadvantages of each?

Figure 8-6. Examples of stretching exercises that may be done statically or using a PNF technique. (A)

SPECIFIC STRETCHING
EXERCISES

Chapters 17 to 24 include various stretching
exercises that may be used to improve flexibility
at specific joints or in specific muscle groups
throughout the body. The stretching exercises
shown in Figure 8-6 are examples that may be
done statically; they may also be done with a
partner using a PNF technique. There are many
possible variations to each of these exercises.54
The patient may also perform static stretching
exercises using a stability ball (Figure 8-7). The
exercises selected are those that seem to be the
most effective for stretching of various muscle
groups. Table 8-2 provides a list of guidelines
and precautions for stretching.
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Figure 8-7. Static stretching using a stability ball. (A) Back extension. (B) Standing abductor stretch. (C) Latissimus
dorsi stretch. (D) Piriformis stretch. (E) Seated hamstring stretch.

ALTERNATIVE STRETCHING
TECHNIQUES

The Pilates Method of Stretching

The Pilates method is a somewhat different
approach to stretching for improving flexibility.
This method has become extremely popular
and widely used among personal fitness train-
ers, physical therapists, and athletic trainers.
Pilates is an exercise technique devised by
German-born Joseph Pilates, who established
the first Pilates studio in the United States
before World War II. The Pilates method is a
conditioning program that improves muscle

control, flexibility, coordination, strength, and
tone.l0 The basic principles of Pilates exer-
cise are to make patients more aware of their
bodies as single integrated units, to improve
body alignment and breathing, and to increase
efficiency of movement.!8 Unlike other exer-
cise programs, the Pilates method does not
require the repetition of exercises, but instead
consists of a sequence of carefully performed
movements, some of which are carried out
on specially designed equipment (Figure 8-8).
However, the majority of Pilates exercises are
performed on a mat or floor without equipment
(Figure 8-9). Each exercise is designed to stretch
and strengthen the muscles involved.? There



222 Chapter 8

Table 8-2 Guidelines and Precautions for a Sound Stretching Program3/4:11.64

Figure 8-8. Pilates techniques using equipment. (A) Reformer. (Reprinted with permission from Balanced Body, Inc.)
(B) Wunda chair. (C) Magic ring.

is a specific breathing pattern for each exercise
to help direct energy to the areas being worked,
while relaxing the rest of the body. The Pilates
method works many of the deeper muscles
together, improving coordination and balance,
to achieve efficient and graceful movement.44
The goal for the patient is to develop a healthy
self-image through the attainment of better pos-
ture, proper coordination, and improved flex-
ibility. This method concentrates on body align-
ment, lengthening all the muscles of the body
into a balanced whole, and building endurance
and strength without putting undue stress on the
lungs and heart. Pilates instructors believe that
problems such as soft tissue injuries can cause
bad posture, which can lead to pain and discom-
fort.%0 Pilates exercises aim to correct this.

Yoga

Yoga originated in India about 6000 years
ago. Its basic philosophy is that most illness is
related to poor mental attitudes, posture, and
diet. Practitioners of yoga maintain that stress
can be reduced through combined mental and
physical approaches. Yoga can help an indi-
vidual cope with stress-induced behaviors like
overeating, hypertension, and smoking. Yoga’s
meditative aspects are believed to help alleviate
psychosomatic illnesses. Yoga aims to unite the
body and mind to reduce stress.43 For example,
Dr. Chandra Patel, a yoga expert, has found
that persons who practice yoga can reduce
their blood pressure indefinitely as long as they
continue to practice yoga. Yoga involves various
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Figure 8-9. Pilates floor exercises. (A) Alternating arm, opposite-leg extensions. (B) Push-up

to a side plank. (C) Alternating leg scissors.

body postures and breathing exercises.2” Hatha
yoga uses a number of positions through which
the practitioner may progress, beginning with
the simplest and moving to the more com-
plex (Figure 8-10).68 The various positions are
intended to increase mobility and flexibility.
However, practitioners must use caution when
performing yoga positions. Some positions can
be dangerous, particularly for someone who is
inexperienced in yoga technique.2”

Slow, deep, diaphragmatic breathing is an
important part of yoga.88 Many people take
shallow breaths; however, breathing deeply and
fully expanding the chest when inhaling helps
lower blood pressure and heart rate. Deep
breathing has a calming effect on the body. It
also increases production of endorphins.*3

MANUAL THERAPY
TECHNIQUES FOR
INCREASING MOBILITY

Following injury, soft tissue loses some of
its ability to tolerate the demands of functional

loading. A major part of the management of soft
tissue dysfunction lies in promoting soft-tissue
adaptation to restore the tissue’s ability to cope
with functional loading.>3 Specific soft tissue
mobilization involves specific, graded, and pro-
gressive application of force using physiologic,
accessory, or combined techniques either to
promote collagen synthesis, orientation, and
bonding in the early stages of the healing pro-
cess or to promote changes in the viscoelastic
response of the tissue in the later stages of heal-
ing. Soft tissue mobilization should be applied
in combination with rehabilitation regimes to
restore the kinetic control of the tissue.>”

A variety of manual therapy techniques
can be used in injury rehabilitation to improve
mobility and ROM.57

Myofascial Release Stretching

Mpyofascial release is a term that refers to a
group of techniques used for the purpose of
relieving soft tissue from the abnormal grip of
tight fascia.? It is essentially a form of stretch-
ing that has been reported to have significant
impact in treating a variety of conditions.”->4
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Figure 8-10. Yoga positions. (A) Tree. (B) Triangle. (C) Dancer. (D) Chair. (E) Extended hand to big toe. (F) Big
mountain. (G) Lotus. (H) Cobra. (I) Child pose. (J) Downward dog. (K) Static squat. (L) Pigeon. (M) Runner’s lunge
with twist. (N) Cat.
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Some specialized training is necessary for the
athletic trainer to understand specific tech-
niques of myofascial release.”8 It is also essen-
tial to have an in-depth understanding of the
fascial system.

Fascia is a type of connective tissue that sur-
rounds muscles, tendons, nerves, bones, and
organs. It is essentially continuous from head
to toe and is interconnected in various sheaths
or planes. Fascia is composed primarily of col-
lagen along with some elastic fibers. During
movement, the fascia must stretch and move
freely. If there is damage to the fascia owing
to injury, disease, or inflammation, it will not
only affect local adjacent structures, but may
also affect areas far removed from the site of the
injury.>! Thus, it may be necessary to release
tightness both in the area of injury and in
distant areas. It will tend to soften and release
in response to gentle pressure over a relatively
long period.

Myofascial release has also been referred to
as soft tissue mobilization. Soft tissue mobiliza-
tion should not be confused with joint mobili-
zation, although it must be emphasized that the
two are closely related.? Joint mobilization is
used to restore normal joint arthrokinematics,
and specific rules exist regarding direction of
movement and joint position based on the shape
of the articulating surfaces (see Chapter 13).
Myofascial restrictions are considerably more
unpredictable and may occur in many different
planes and directions.26 Myofascial treatment is
based on localizing the restriction and moving
into the direction of the restriction, regardless
of whether that follows the arthrokinematics of
anearby joint. Thus, myofascial manipulation is
considerably more subjective and relies heavily
on the experience of the therapist.>! Myofascial
manipulation focuses on large treatment areas,
whereas joint mobilization focuses on a specific
joint. Releasing myofascial restrictions over
a large treatment area can have a significant
impact on joint mobility.>4 The progression of
the technique is to work from superficial fascial
restrictions to deeper restriction. Once more
superficial restrictions are released, the deep
restrictions can be located and released without
causing any damage to superficial tissue. Joint
mobilization should follow myofascial release
and will likely be more effective once soft tissue
restrictions are eliminated.
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As extensibility is improved in the myofas-
cia, elongation and stretching of the musculo-
tendinous unit should be incorporated. In addi-
tion, strengthening exercises are recommended
to enhance neuromuscular reeducation, which
helps promote new, more efficient movement
patterns. As freedom of movement improves,
postural reeducation may help ensure the
maintenance of the less-restricted movement
patterns.

Generally, acute cases tend to resolve in
just a few treatments. The longer a condi-
tion has been present, the longer it will take
to resolve. Occasionally, dramatic results will
occur immediately after treatment. It is usually
recommended that treatment be done at least 3
times per week.

Myofascial release can be done manually by
an athletic trainer or by the patient stretching
using a foam roller.4178:85 Foam rolling has
been shown to be more effective than static and
dynamic stretching in acutely increasing flex-
ibility of the quadriceps and hamstrings with-
out hampering muscle strength, and has been
recommended as part of a warm-up in healthy
young adults.85 Figure 8-11 shows examples of
stretching using the foam roller.

Strain-Counterstrain Technique

Strain-counterstrain is an approach to
decreasing muscle tension and guarding that
may be used to normalize muscle function. It
is a passive technique that places the body in a
position of greatest comfort, thereby relieving
pain.?3

In this technique, the athletic trainer locates
“tender points” on the patient’s body that cor-
respond to areas of dysfunction in specific joints
or muscles that are in need of treatment.3 These
tender points are not located in or just beneath
the skin, as are many acupuncture points, but
instead are deeper in muscle, tendon, ligament,
or fascia. They are characterized by tense, ten-
der, edematous spots on the body. They are 1 cm
or less in diameter, with the most acute points
being 3 mm in diameter, although they may be a
few centimeters long within a muscle. There can
be multiple points for one specific joint dysfunc-
tion. Points might be arranged in a chain, and
they are often found in a painless area opposite
the site of pain and/or weakness.?3
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A

Figure 8-11. Myofascial release stretching using a foam roller or firm ball. (A) Hamstrings. (B) Piriformis. (C)
Adductors. (D) Quadriceps. (E) Latissimus dorsi. (F) Rhomboids.

The athletic trainer monitors the tension
and level of pain elicited by the tender point
while moving the patient into a position of ease
or comfort. This is accomplished by markedly
shortening the muscle.®3 When this position of
ease is found, the tender point is no longer tense
or tender. When this position is maintained for
a minimum of 90 seconds, the tension in the
tender point and in the corresponding joint or
muscle is reduced or cleared. By slowly return-
ing to a neutral position, the tender point and
the corresponding joint or muscle remains
pain-free with normal tension. For example,
with neck pain and/or tension headaches, the
tender point may be found on either the front
or back of the patient’s neck and shoulders. The
athletic trainer will have the patient lie on the
his or her back and will gently and slowly bend

the patient’s neck until that tender point is no
longer tender. After holding that position for 90
seconds, the athletic trainer gently and slowly
returns the neck to its resting position. When
that tender point is pressed again, the patient
should notice a significant decrease in pain
there (Figure 8-12).93

The physiologic rationale for the effective-
ness of the strain-counterstrain technique can
be explained by the stretch reflex.2! When a
muscle is placed in a stretched position, impuls-
es from the muscle spindles create a reflex con-
traction of the muscle in response to stretch.
With strain-counterstrain, the joint or muscle
is placed not in a position of stretch, but instead
in a slack position. Thus, muscle spindle input
is reduced and the muscle is relaxed, allowing
for a decrease in tension and pain.38
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Figure 8-12. Strain-counterstrain technique. The body
part is placed in a position of comfort for 90 seconds and
then slowly moved back to a neutral position.

Positional Release Therapy

Positional release therapy is based on the
strain-counterstrain technique. The primary
difference between the two is the use of a facili-
tating force (compression) to enhance the effect
of the positioning.20.77.83,84

Like strain-counterstrain, positional release
therapy is an osteopathic mobilization tech-
nique in which the body part is moved into a
position of greatest relaxation.84 The therapist
finds the position of greatest comfort and
muscle relaxation for each joint with the help of
movement tests and diagnostic tender points.
Once located, the tender point is maintained
with the palpating finger at a subthreshold
pressure. The patient is then passively placed
in a position that reduces the tension under the
palpating finger, producing a subjective reduc-
tion in tenderness as reported by the patient.
This specific position is adjusted throughout
the 90-second treatment period. It has been
suggested that maintaining contact with the
tender point during the treatment period exerts
a therapeutic effect.20.83 This technique is one
of the most effective and gentle methods for the
treatment of acute and chronic musculoskeletal
dysfunction (Figure 8-13).76

Active Release Technique

The Active Release Technique (ART) is a
relatively new type of manual therapy devel-
oped by P. Michael Leahy, DC, CCSP to correct
soft tissue problems in muscle, tendon, and

Figure 8-13. The positional release technique places the
muscle in a position of comfort with the finger or thumb
exerting submaximal pressure on a myofascial trigger
point.

fascia caused by the formation of fibrotic adhe-
sions that result from acute injury, repetitive
or overuse injuries, constant pressure, or ten-
sion injuries.”> When a muscle, tendon, fascia,
or ligament is torn (strained or sprained) or a
nerve is damaged, the tissues heal with adhe-
sions or scar tissue formation rather than the
formation of brand new tissue. Scar tissue is
weaker, less elastic, less pliable, and more pain-
sensitive than healthy tissue.

These fibrotic adhesions disrupt the normal
muscle function, which, in turn, affects the bio-
mechanics of the joint complex and can lead to
pain and dysfunction. The ART provides a way
to diagnose and treat the underlying causes of
cumulative trauma disorders that, left uncor-
rected, can lead to inflammation, adhesions,
fibrosis, and muscle imbalances. All of these
can result in weak and tense tissues; decreased
circulation; hypoxia; and symptoms of periph-
eral nerve entrapment, including numbness,
tingling, burning, and aching.”> The ART is a
deep-tissue technique used for breaking down
scar tissue/adhesions and restoring function
and movement.”> In the ART, the athletic train-
er first locates through palpation those adhe-
sions in the muscle, tendon, or fascia that are
causing the problem. Once these are located,
the athletic trainer traps the affected muscle by
applying pressure or tension with the thumb
or finger over these lesions in the direction of
the fibers. Then, the patient is asked to actively
move the body part such that the musculature
is elongated from a shortened position while the
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point.

Figure 8-15. The Graston technique (A) uses a variety of
curved instruments to (B) supply precise pressure and
(C) break down scar tissue and fascial restrictions.

athletic trainer continues to apply tension to the
lesion (Figure 8-14). This should be repeated 3
to 5 times per treatment session. By breaking
up the adhesions, the technique improves the
patient’s condition by softening and stretching
the scar tissue, resulting in increased ROM,
increased strength, and improved circulation,
optimizing healing. Treatments tend to be
uncomfortable during the movement phases as
the scar tissue or adhesions tear apart.”> This
is temporary and subsides almost immediately
after the treatment. An important part of the
ART is for the patient to heed the athletic
trainer’s recommendations regarding activity
modification, stretching, and exercise.

Graston Technique

The Graston Technique is an instrument-
assisted, soft tissue mobilization that enables
clinicians to effectively break down scar tissue
and fascial restrictions as well as stretch connec-
tive tissue and muscle fibers (Figure 8-15).23.77
The technique uses 6 handheld, specially
designed, stainless steel instruments shaped
to fit the contour of the body to scan an area,
locate, and then treat the injured tissue that
is causing pain and restricting motion.5l A
clinician normally will palpate a painful area
looking for unusual nodules, restrictive bar-
riers, or tissue tensions. The instruments help



Restoring Range of Motion and Improving Flexibility

229

to magnify existing restrictions, and the clini-
cian can feel these through the instruments.36
Then, the clinician can use the instruments to
supply precise pressure to break up scar tissue,
relieving the discomfort and helping to restore
normal function. The instruments, with a nar-
row surface area at their edge, have the ability
to separate fibers.

A specially designed lubricant is applied to
the skin prior to using the instrument, allowing
the instrument to glide over the skin without
causing irritation. Using a cross-friction mas-
sage in multiple directions, which involves
using the instruments to stroke or rub against
the grain of the scar tissue, the clinician cre-
ates small amounts of trauma to the affected
area.23 This temporarily causes inflammation
in the area, increasing the rate and amount of
blood flow in and around the area. The theory
is that this process helps initiate and promote
the healing process of the affected soft tissues.
It is common for the patient to experience some
discomfort during the procedure and possibly
some bruising.

Massage

Massage is a mechanical stimulation of the
tissues by means of rhythmically applied pres-
sure and stretching (Figure 8-16).70 Over the
years, many claims have been made relative to
the therapeutic benefits of massage, but few are
based on well-controlled, well-designed studies.
Therapists have used massage to increase flex-
ibility and coordination as well as to increase
pain threshold; to decrease neuromuscular

Figure 8-16. Massage can be an extremely
effective technique for improving mobility
and ROM. Ice application following the
treatment may ease the discomfort. It is
recommended that an exercise, stretching,
and strengthening program be used in
conjunction with the technique to help the
injured tissues heal.

excitability in the muscle being massaged; to
stimulate circulation, thus improving energy
transport to the muscle; to facilitate healing
and restore joint mobility; and to remove lactic
acid, thus alleviating muscle cramps.”0

How these effects can be accomplished is
determined by the specific approaches used
with massage techniques and how they are
applied. Generally, the effects of massage are
either reflexive or mechanical. The effect of
massage on the nervous system differs greatly
according to the method employed, pressure
exerted, and duration of applications. Through
the reflex mechanism, sedation is induced.
Slow, gentle, rhythmical, and superficial effleu-
rage may relieve tension and soothe, rendering
the muscles more relaxed. This indicates an
effect on sensory and motor nerves locally and
some central nervous system response. The
mechanical approach seeks to make mechani-
cal or histologic changes in myofascial struc-
tures through direct force applied superficial-
ly.70 Among the massage techniques used by
athletic trainers are the following70:

e Hoffa (Swedish) massage—the classic form
of massage, strokes include effleurage,
petrissage, percussion or tapotement, and
vibration.

e Friction massage—used to increase the
inflammatory response, particularly in
case of chronic tendinitis or tenosynovitis.

e Acupressure—massage of acupuncture and
trigger points, used to reduce pain and
irritation in anatomical areas known to be
associated with specific points.
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e Connective tissue massage—a stroking
technique used on layers of connective tis-
sue, a relatively new form of treatment in
this country, primarily affecting circula-
tory pathologies.

e Myofascial release techniques—used for
the purpose of relieving soft tissue from
the abnormal grip of tight fascia.

e Rolfing—a system devised to correct ineffi-
cient structure by balancing the body with-
in a gravitational field through a technique
involving manual soft tissue manipulation.

e Trager—attempts to establish neuromus-
cular control so that more normal move-
ment patterns can be routinely performed.

Structural Integration

Structural integration is a system that uses
manual therapy and sensorimotor movement
education, which is based on a type of mas-
sage called Rolfing that was developed more
than 50 years ago. Unlike massage, which
focuses primarily on muscle, structural inte-
gration focuses instead on connective tissue
or fascia, which surrounds muscles, groups
of muscles, bones, nerves, blood vessels, and
organs. Ideally, fascia is elastic and functions to
bind different tissues together, providing shape
and structure while permitting free movement.
However, factors such as repetitive movements,
the stresses of normal daily activities, injury,
or even the normal aging process can cause the
fascia to become more dense, less elastic, and,
thus, tighter and shorter. These factors even-
tually cause postural malalignment of mus-
culoskeletal structures, which affects normal
biomechanical function.3?

Structural integration attempts to lengthen,
stretch, soften, and release fascial adhesions to
reduce mechanical stress and nociceptive irrita-
tion, restore postural balance, and, thus, effi-
ciency of movement.30 The technique involves
an organized series of 10 hour-long sessions
designed to progressively restore postural bal-
ance of the body in segments using fascial
mobilization to achieve optimal vertical align-
ment. During the sessions, practitioners iden-
tify habitual patterns of movement and existing
imbalances in the body and help educate the

patient about making corrective changes in
these patterns in his or her daily life.6!

Structural integration practitioners receive
extensive training at schools and institutions
in accordance with the standards established
by the International Association of Structural
Integrators.

Postural Restoration

PRI is a treatment technique that is used
to identify and correct asymmetrical postural
patterns that negatively influence normal sit-
ting, standing, walking, and breathing.34 These
asymmetries create adaptive and compensatory
changes in soft tissue and bone structures that
eventually result in movement patterns that
restrict functional range and negatively influ-
ence structural alignment and, thus, postural
control. Several muscles such as the diaphragm
and transversus abdominis are important for
both postural control/stabilization and for res-
piration. Maintaining a balance between the
two is challenging.34 A goal of PRI is to main-
tain what is referred to as a zone of apposition,
which is an area of the diaphragm that directly
opposes the rib cage.

PRI has been used in treating low back and
sacroiliac joint pain, acetabular labral tear,
anterior knee pain, thoracic outlet syndrome,
sciatica, asthma, and chronic obstructive pul-
monary disease.34 Treatment focuses on asym-
metrical patterns and multiple joint muscles
in combination with diaphragmatic breath-
ing. PRI recommends the use of an exercise
called the 90/90 Bridge with Ball and Balloon
technique designed to help restore the zone of
apposition and spine to an optimal position,
thus allowing the diaphragm to optimally per-
form both its respiratory and postural roles
(Figure 8-17).16 The patient lies supine with
the feet flat on the wall and the knees flexed
at 90 degrees. The hamstrings are contracted,
pressing the heels into the wall. The patient lifts
the pelvis up by rotating it posteriorly. A 4- to
6-inch ball is squeezed between the knees. The
right arm is placed above the head while the
left hand holds a balloon. The patient slowly
inhales through the nose (4 seconds), then
slowly exhales through the mouth to inflate
the balloon, then pause (4 seconds) and repeat
3 times.



Restoring Range of Motion and Improving Flexibility

It must be added that there is little pub-

lished evidence regarding the efficacy of this
exercise.16

SUMMARY

10.

Flexibility is the ability of the neuromuscu-
lar system to allow for efficient movement
of a joint or a series of joints smoothly
through a full ROM.

. Flexibility is specific to a given joint, and

the term good flexibility implies that there
are no joint abnormalities restricting
movement.

Flexibility can be limited by muscles and
tendons and their fascia, joint capsules
or ligaments, fat, bone structure, skin, or
neural tissue.

. Passive ROM refers to the degree to which

a joint can be passively moved to the end
points in the ROM. Active ROM refers to
movement through the mid-ROM result-
ing from active contraction.

Measurement of joint flexibility is accom-
plished through the use of a goniometer or
inclinometer.

. An agonist muscle is one that contracts to

produce joint motion, whereas the antago-
nist muscle is stretched with contraction of
the agonist.

Increases in flexibility can be attributed
to neurophysiologic adaptations involving
the stretch reflex and associated muscle
spindles and Golgi tendon organs, changes
in the viscoelastic and plastic properties
of muscle, adaptations and changes in the
kinetic chain, and alterations in intramus-
cular temperature.

. Ballistic, dynamic, static, and PNF tech-

niques have all been used as stretching
techniques for improving flexibility.

Stretching of tight neural structures and
myofascial release stretching are also used
to reestablish a full ROM.

Strain-counterstrain is a passive technique
that places a body part in a position of
greatest comfort to decrease muscle ten-
sion and guarding and to relieve pain.
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Figure 8-17. The 90/90 Bridge with Ball and Balloon
technique is an example of PRI.

11.

12.

13.

14.

15.

Positional release therapy is similar to
strain-counterstrain. Pressure is main-
tained on a tender point with the body part
in a position of comfort for 90 seconds.

The ART is a deep-tissue technique used for
breaking down scar tissue and adhesions
and restoring function and movement.

Massage is the mechanical stimulation of
tissue by means of rhythmically applied
pressure and stretching. It allows the ath-
letic trainer, as a health care provider, to
help a patient overcome pain and relax
through the application of the therapeutic
massage techniques.

Structural integration is a system that uses
manual therapy and sensorimotor move-
ment to focus on connective tissue or
fascia.

PRI is used to identify and correct asym-
metrical postural patterns that negatively
influence normal sitting, standing, walk-
ing, and breathing.
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