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Foreword 

On rare occasions, someone comes along who chal
lenges the way we view our world. Professor Shirley 
Sahrmann is one of these individuals. Diagnosis and 
Treatment of Movement Impairment Syndromes is the 
result of many years spent simply observing and ana
lyzing how the human body moves. Everyone who reads 
this text will understand the world of musculoskeletal 
medicine differently, and his or her world will be for
ever changed. I have frequently said to Dr. Sahrmann 
that she has given me "new eyes." After many years of 
observing a wide variety of musculoskeletal problems, 
I am now understanding them differently. I once said 
this to a patient and was told that "the eye can only see 
what the brain knows." This text will challenge its 
readers to observe their patients with movement 
system disorders with brains jammed full of new infor
mation that can be quickly incorporated into their prac
tices. I have no doubt that perfecting the examination 
techniques and becoming adept at selecting and 
teaching the exercises outlined in this book will result 
in tremendous satisfaction both for the patient and the 
health care practitioner. 

Like most of my contemporaries, I was taught as
sessment skills using the pathokinesiologic model. My 
skills were limited to telling patients what pathologic 
conditions they were experiencing and to hoping that 
they would go home happy once they knew their diag
noses. In actual fact, my patients wanted to know what 
caused their symptoms and pain problems. I often dis
missed such requests with a perfunctory, "It is a result 
of overuse," hoping no more questions would follow. My 
tremendous frustration resulted in the beginning of my 
quest to find the solutions to the limitations of this ed
ucation model. I remember mentioning my dilemma at 
the Lillehammer Olympic Games. The chief therapist 
for the Canadian team suggested I attend one of Dr. 
Sahrmann's muscle balance courses. I followed his ad
vice and found that the assessment and treatment skills 
I learned and with the subsequent attendance at a 
number of courses perfectly met my needs. I continue 
to apply this knowledge with virtually every patient as
sessment in my practice. 

Dr. Sahrmann is the first to categorize pain disor
ders logically into movement impairment categories. I 
quickly discovered that after using her assessment skills, 
the identical pathologic diagnosis is frequently not as
sociated with the same movement impairment. Treating 
the specific impairment rather than the diagnostic label 
has been very rewarding in terms of outcomes. Diag
nosis and Treatment of Movement Impairment Syn
dromes gives the clinician the necessary information to 
diagnose the various impairment syndromes with confi
dence. It also provides the researcher the grounding 
with which to perform the necessary investigations to 
expand the diagnostic categories and treatment proto
cols for the body regions not discussed in this book. 

I hope this text will be fol lowed by others from 
Dr. Sahrmann and her colleagues from the Washington 
University program in physical therapy. This informa
tion will serve as a stimulus for other researchers to 
test the theoretical concepts and further define the 
treatment protocols. The concepts have been tested by 
physical therapists around the world, but Dr. Sahrmann 
is to be commended for presenting her material in 
written form for all to see and evaluate, even though it 
remains largely a work in progress. Diagnosis and 
Treatment of Movement Impairment Syndromes has 
been a labor of love for Dr. Sahrmann. I, among many 
others, are very thankful for the years of effort it has 
taken to conceptualize, test, and document this infor
mation. It is an important body of work and one that 
will have significant effect on how we treat our patients 
with movement disorders. I hope all that read Diag
nosis and Treatment of Movement Impairment Syn
dromes will find themselves saying, "I have seen this 
clinical scenario many times. With this knowledge, I 
now see it so differently." Thank you, Dr. Sahrmann, for 
sharing your knowledge with me and for helping make 
working with patients such a joy! 

Robert Stalker, MD 
Dalhousie University Health Service 

Halifax, Nova Scotia 
Canada 



Preface 

Frequently, the obvious answer to a problem is over
looked, and complex answers or explanations are pur
sued instead. This approach to problem solving is ex
emplified by the adage, "When you hear hoof beats, think 
horses before zebras." With this approach in mind, the 
simple method for controlling the spread of disease is 
hand washing, yet this obvious answer was overlooked 
for too many years. Amazingly, even today, numerous re
minders are given to help people follow this important 
practice. I believe a parallel exists in the mechanical 
cause of musculoskeletal pain problems and the med
ical treatment of the symptoms of these conditions. 
Rather than addressing the obvious mechanical prob
lems, medications are used to treat the symptomatic 
tissues without pursuing the precipitating factors. 

Exercise is advocated because of the changes in
duced in the musculoskeletal system, yet everyday ac
tivities also include a key component of exercise-
repeated movements. Alignment and movements pat
terns are carefully addressed in the training of athletes, 
yet little attention is given to these factors in everyday 
activities. Postural alignment is the basis of movement 
patterns, thus optimal movement is difficult if alignment 
is faulty. Long gone are the days when children were 
strongly reminded to sit and stand up straight. In years 
past, most men had to serve in the military, and an in
trinsic part of that experience was training that required 
standing with good alignment. Today, the slouched or 
slumped position is acceptable. Furniture is shaped to 
accommodate and encourage the slumped posture, par
ticularly when at home "relaxing." Acceptance of poor 
posture is particularly notable when, as a society, we sit 
more than we have in the past. Ironically, as women ap
proach the senior status, a major concern is the devel
opment of the kyphotic posture, characteristic of "old" 
women. Yet, as young women, little effort is spent to 
prevent the development of an increased thoracic 
curve. Wolff's Law, which states that bones adopt the 
shape of the forces that are imposed on them, is a well-
accepted principle of the skeletal system. The tissues 
controlling the alignment and stability of the joints are 
also influenced by the forces placed on them. In an era 
in which lifestyles are relatively sedentary, musculo
skeletal tissue is not as well developed as it should be 
because of a lack of physical demands, thus pre
disposing the body to injury more readily than if tissues 
were "stronger" from responding to stress. The conse
quence is a greater predisposition to mechanical in

juries from the repeated movements of everyday activ
ities. Once a pattern of behavior is established, it be
comes the prevailing pattern, repeated over and over. 
At work, repeatedly turning to one side to work on the 
computer, to answer the telephone, to work on an ad
joining counter are typical. A mother frequently turns 
toward the back seat of her car to check the children in 
their car seats. Mothers get in and out of their cars re
peatedly during the day, also turning consistently in the 
same direction. A dentist always works from the same 
side of his or her patients. Cardiologists repeatedly 
bend over to use their stethoscopes. Golfers and rac-
quetball players repeatedly swing their clubs or rac
quets using the same patterns of movement. Even 
sleeping on the same side can induce alignment 
changes. 

A major purpose of this book is to describe the 
changes induced in movement patterns and tissues by 
everyday activities. The proposed thesis is that cor
recting these movement patterns and tissue adaptations 
will not only alleviate mechanical musculoskeletal pain 
problems, but correction can prevent them. Correcting 
body mechanics should help reduce the use of medica
tions that are designed to decrease inflammation, be
cause the mechanical cause will, at the least, be dimin
ished or, at the most, be alleviated. Patients can be taught 
to assume responsibility for their pain problems rather 
than depend on drugs to alleviate the symptoms, thus 
failing to address the actual causes. Because motions of 
joints are limited, common problems can develop from 
a wide variety of activities. Thus it has been possible to 
describe specific movement syndromes that can be iden
tified by the clinician based on the patient's signs, symp
toms, and results of examination. This text describes 
these movement impairment syndromes of the shoulder, 
low back, and hip. 

A second purpose of this book is to describe how 
the basic tests and measurements of physical therapy 
combined with the observations of alterations in normal 
anatomy and kinesiology can be used to organize a clas
sification system consisting of movement impairment 
syndromes. I believe the development of classification 
systems, which constitutes diagnoses that direct phys
ical therapy, is essential to the continued development 
of the profession. The focal premise of the theory un
derlying the system is that a joint develops a directional 
susceptibility to movement, which then becomes the 
"weak link" and most often the site of pain. 



Preface 

Chapter 1 describes the historical and professional 
events that led to the development of the concepts of the 
movement system and movement impairment syn
dromes and the reasons the pursuit of a classification 
system are important. 

Chapter 2 contains the concepts and principles 
upon which the system is based. When the field of psy
chiatry recognized the need to establish a common 
system of diagnoses for mental illnesses, behavior pat
terns were used as the basis. Emotional dysfunctions 
could not be related to specific lesions or interactions in 
the brain, and interactive factors in behaviors were dif
ficult to identify. Classifications of human movement 
dysfunction have a distinct advantage when organizing 
behaviors. Because the system is biomechanical with 
defined anatomic and kinesiologic principles, inter
actions are predictable. Thus it is even possible to hy
pothesize a key factor that can explain the dysfunctions 
and the altered interactions that can contribute to the 
problem. In this chapter the adaptations of tissues 
caused by the repeated movements and sustained pos
tures associated with everyday activities are described. 
The resultant effect of a joint developing a directional 
susceptibility to movement is explained. Three models 
of the movement system and their varying relationships 
to impairments are proposed. The kinesiologic, patho-
kinesiologic, and kinesiopathologic models and their el
ements and components are used to explain the devel
opment of impairments and the consequences of these 
impairments. The types and characteristics of the alter
ations in the components and their interactions, as well 
as the application to clinical patients, are described. 
Case examples are used to illustrate the impairments 
arising from tissue changes and explain how they con
tribute to altered movement patterns. 

Chapters 3, 4, and 5 describe the movement im
pairment syndromes of the low back, hip, and shoulder, 
respectively. Each chapter provides the basic anatomy 
and kinesiology considered necessary to understand the 
normal performance of the relevant body area. Each 
chapter follows a format of describing the relevant 
symptoms and pain, as well as the impairments in move
ment, alignment, recruitment patterns, relative flexi
bility and stiffness, and muscle length and strength. Con
firming tests, summary, and treatment program are 
described for each syndrome. Each movement impair

ment syndrome is illustrated by a case presentation. To 
assist in understanding the syndromes, each chapter has 
an appendix that presents a grid to explain the symp
toms and history, the key tests and signs, the associated 
signs, the differential movement and associated diag
noses, and the potential medical diagnoses that require 
referral. 

Chapter 6 presents the examinations for lower and 
upper quarter impairments, the results of which should 
result in the diagnosis and identification of the con
tributing factors that need to be addressed by the treat
ment program. The examinations are organized ac
cording to position and tests in the specific positions. 
Two forms are provided. One contains the normal or 
ideal standard for the test, the criteria for an impair
ment, and what the specific impairments could be. The 
other form is one that can be used as the basis of a clin
ical examination form. It is a checklist that enables the 
therapist to record the specific impairments identified 
during the examination and the possible joint move
ment directions that underlie the pain problem and thus 
potentially form the diagnosis. The other impairments 
identified by the examination are the repeated move
ments believed to be contributing factors that are 
causing pain. 

Chapter 7 is a detailed explanation of the exercise 
program that supports the corrections in body me
chanics and the performance of life activities that are 
important to minimizing or preventing mechanical pain 
problems. I believe that a simple but well-selected and 
precisely taught therapeutic exercise program is essen
tial to aid in the resolution of the patient's pain problem. 
Therefore great detail is provided on each exercise, as 
well as special considerations for specific conditions. 
Chapter 8 consists of the illustrated exercises written in 
a format that can be copied and distributed to patients. 
As the therapist will note, the exercise program closely 
follows the examination. As a result, when the therapist 
is performing the examination, he or she is also deter
mining the specific exercises the patient will be given for 
his or her treatment program. The therapist will also be 
acquiring the information that is necessary for patient 
education and, most importantly, contributing to prac
tice based on diagnosis to direct physical therapy. 

Shirley Sahrmann, P H D , PT, FAPTA 
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CHAPTER ONE 

IHtrodttCtlOH 

Development of the Movement System Balance Concept 

Underlying Premise of Movement as the Cause of Pain 

Syndromes 

Overview 

Movement Impairment Syndromes 

Need for Classification 

After reviewing this chapter, the reader will be able to: 
1. Describe what should be valued from each of the three 

historical eras of physical therapy. Explain how aspects of 
practice of each era can be incorporated into today's practice. 

2. Explain how the movement system plays the major role in 
the development of musculoskeletal pain syndromes. 

3. Describe how physical therapists use classifications and 
diagnoses to direct their interventions. 

Development of tbe Movement S~Jtem 
Balance concept 

As a physical therapist for more than 40 years, I have wit
nessed the evolution of physical therapy CPT) from a 
technical field to a professional discipline, the advance
ment of which continues to demand major changes in 
the practice of the profession. In the twentieth century, 
the focus of PT can be divided into three eras. In each, 
the treatment of one anatomic system has been pre
dominant, usually stemming from the prevalence of a 
physical disability caused by a specific medical problem. 
In each era, different key concepts have been developed, 

which have influenced the characteristics of practice 
and the techniques used. These concepts have also pro
vided an important philosophic basis for practice. 

First Era: Focus on Dysfunction 
of the Peripheral Neuromuscular 
and Musculoskeletal Systems 
The first era involved the treatment of patients with pe
ripheral neuromuscular or musculoskeletal system dys
function as a result of war injuries or poliomyelitis. 
Manual testing of muscle for quantitative assessment of 
neurologic and muscular dysfunction was key in estab
lishing the role of PT in diagnosis. Specific tests were 
performed, providing evaluation information to the 
physician, who would then formulate the diagnosis and 
define the extent of the dysfunction. 

The relatively clear relationship between the loss 
of muscle function and the impairment of movement 
provided the direction for treatment. Although the rela
tionship between motor unit loss and the consequences 
of weakness and loss of range of motion were defined, 
there was controversy surrounding the best manage
ment practices for patients with poliomyelitis, particu
larly during the acute phase of the illness. During this 
phase, the primary focus of treatment was to maintain 
range of motion through the use of stretching exercises 
and braces. During the recovery phase, exercises de
signed to strengthen the recovering and unaffected mus
cles were also important parts of the management ofthe 
patient's condition. The most effective treatment in
cluded specific exercises that were based on the results 
of the manual muscle test. This information was also 
used to prescribe braces or other supports and to set ex
pectations for functional performance. Precise exer-



cises with careful consideration of each muscle and its 
directions of pull were keys to an optimal outcome. The 
role ofthe nervous system in activating muscle was cer
tainly appreciated; however, the complexity of its role 
in regulating movement was not readily apparent in the 
patient with lower motor neuron dysfunction. 

Second Era: Focus on Central Nervous 
System Dysfunction 
With the eradication of poliomyelitis, patients with 
stroke, head or spinal cord injury, and cerebral palsy be
came the predominant patient populations receiving PT. 
Because the impairments in these patients were the re
sult of central nervous system dysfunction, the previous 
methods used by physical therapists were no longer ap
plicable. During this era the specific pathophysiology of 
movement problems that resulted from central nervous 
system dysfunction was not known. The methods of 
stretching and strengthening that were used in the treat
ment of the patient with poliomyelitis were considered 
unacceptable, because these methods were believed to 
augment the patient's spasticity. Similarly, manual 
muscle testing was not considered an accurate indicator 
of muscle performance because spasticity was believed 
to augment the muscle response. The mechanisms con
tributing to impairments in the patient with neurologic 
dysfunction were not known. Therefore traditional 
methods of examination and treatment that were used 
in the management of the patient with musculoskeletal 
dysfunction were not considered acceptable. The lack 
of agreement surrounding the underlying mechanisms 
of the paresis and the suitable treatment meant that spe
cific guidelines for the management of the patient with 
central nervous system dysfunction were not estab
lished. As a result, treatment regimens based on the clin
ician's experiences and beliefs were developed. The lack 
of guidelines resulted in highly individual and eclectic 
treatment; unfortunately, this established a precedent of 
treatment based on loosely constructed hypotheses. 
This era also changed the relationship between diag
nosis and treatment. The medical diagnoses of diseases 
of the central nervous system did not provide guidelines 
for PT treatment in contrast to the diagnosis of po
liomyelitis in which the underlying physiologic problem 
was relatively well understood. 

Physical therapists sought explanations for the 
mechanisms that contributed to the impairment of 
movement, as evident in the NUSTEP conference in 
1967,2 but as a result of the limited knowledge at the 
time, explanations that support clinical hypotheses con
cerning treatment mechanisms were necessarily vague 
and easily misconstrued. Unfortunately, the mecha
nisms of motor control still elude clear understanding, 
as do the mechanisms of the pathophysiology of move-

ment impairments associated with central nervous 
system lesions. It became obvious during this period that 
the regulatory function of the nervous system is essen
tial to movement. Although movement impairments as
sociated with central nervous system dysfunction 
demonstrate the importance of the nervous system in 
movement, there remained a limited appreciation of the 
role of motor control and its contribution to muscu
loskeletal pain syndromes (MPS). 

Third Era: Focus on Joint Dysfunction 
In the 1980s, physical therapists, influenced by physio
therapists in Australia and New Zealand, began using as
sessment and treatment techniques directed primarily 
at joint function as the means of managing patients with 
musculoskeletal pain. These techniques required testing 
accessory joint motions and noting associated pain re
sponses. This type of treatment was a departure from 
the standard, which emphasized the use of modalities to 
alleviate inflammation and the use of general exercises 
to strengthen muscles related to the affected segment. 
Some therapists also began using clinical methods ad
vocated by Dr. James Cyriax3 to identify specific tissues 
that were the sources of the pain. Inherent in the use of 
these methods was a change in the role for the physical 
therapist. Previously, the physician prescribed treat
ment on the basis ofthe diagnosis. Although the majority 
of referrals merely directed the therapist to "evaluate 
and treat," particularly when the problem involved the 
central nervous system, more specific direction was fre
quently provided for the treatment of the patient with 
musculoskeletal pain. Thus when the therapist exam
ined joints to determine the source of the pain rather 
than applying modalities and prescribing a generalized 
exercise program to improve function, it was a signifi
cant change in practice. 

Evaluating assessory joint motion represented a 
philosophical change for the profession; the focus be
came the identification of soft-tissue or joint restriction 
as the source of dysfunction, rather than the relief of 
pain with palliative modalities. However, because peri
articular tissues and restricted joint motions were con
sidered the primary problem, minimal consideration 
was given to the role that muscle and motor control plays 
in causing dysfunction. Another major development 
during this period was the classification of patients by 
directing him or her to perform movements ofthe spine 
to determine those movements associated with pain.H 

Current Era: Focus on the Movement System 
During the 1990s, those with musculoskeletal pain have 
become the largest group of patients receiving PT.8 Thus 
the management of these patients is important to the 
profession. Providing treatment that addresses mus-
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cular, neurologic, or skeletal problems in isolation can 
only be considered incomplete and inadequate. The con
tinued evolution of PT requires that movement remain 
the central focus. The American Physical Therapy As
sociation adopted a philosophical statement clearly 
stating that movement dysfunction is the basic problem 
addressed by our intervention. I 

Movement is the action of a physiologic system 
that produces motion of the whole body or of its com
ponent parts. 15 These components are the muscu
loskeletal, neurologic, cardiopulmonary, and meta
bolic systems. Thus this text is about the movement 
system and its contribution to movement impairment 
syndromes. 

Because of my initial clinical interest in neurologic 
dysfunction, observing movement patterns almost be
came an obsession. Eventually I realized that everyone 
has a characteristic movement pattern, but these pat
terns are exaggerated in the patient with muscu
loskeletal pain. For the past 20 years, I have attempted 
to identify the organizing principles that best explain the 
characteristics of these movement patterns, their con
tributing factors, and why they are associated with or 
cause pain. Most of the explanations are based on clin
ical observations that have been used to guide treat
ment. 

The observed clinical outcomes of treatment in
terventions have been used to refine the basic principles. 
Currently these principles are the subject of research 
studies that will further refine, modify, or refute the basic 
assumptions or syndrome descriptions. Although re
search is needed to validate these principles, they are 
based on well-accepted anatomic and kinesiologic rela
tionships. The concepts of anatomy, kinesiology, and 
physiology that form the basis of PT education are the 
basis for assessing the patient's muscle and movement 
performance. 

The examination consists of (1) observing move
ment based on kinesiologic principles, and (2) testing 
muscle length and strength. Since the earliest days of the 
profession, physical therapists have used this type of ex
amination to assess physical performance and to design 
exercise programs.9 This approach is named movement 
system balance (MSB) because of the importance of pre
cise or balanced movement to the health of the move
ment system and its components. The MSB diagnostic 
and treatment scheme used by the physical therapist or
ganizes basic information into syndromes or diagnostic 
categories and identifies the factors that contribute to 
the syndromes. The name of the syndrome identifies the 
primary dysfunction, or the movement impairment, and 
directs treatment. 13 Neither outcome effectiveness nor 
cost containment will permit the physical therapist to 
continue to use a trial-and-error approach to patient 

care. This theory and the syndromes are presented with 
the expectation that others will join me in its validation 
and refinement. 

Three main factors are key to the future growth of 
the PT profession. The first factor is developing diag
nostic categories to direct treatment. The second factor 
is understanding and managing movement and move
ment-related dysfunctions and articulating the associ
ated pathophysiology. The third factor is meeting the de
mands for evidence-based practice by conducting 
clinical trials based on diagnostic categories that direct 
PT treatment and knowledge of the underlying clinical 
science. 

Un3er[~int1 Premi;1e of Movement 
a;1 a CaU;1e of Pain S~n3rome;1 
Maintaining or restoring precise movement of specific 
segments is the key to preventing or correcting muscu
loskeletal pain. This is the major premise presented in 
this text. The biomechanics of the movement system are 
similar to the mechanics of other systems. In mechan
ical systems, the longevity ofthe components and the ef
ficiency of performance require the maintenance of pre
cise movements of the rotating segments. In contrast to 
machinery, stress on the components is necessary for 
optimal health and graded stress can actually improve 
the strength of the involved tissues-two advantageous 
characteristics of the human body.lo The stress require
ment has upper and lower constraints that determine 
whether it will help or harm the health of tissues. The 
loss of precise movement can begin a cycle of events 
that induces changes in tissues that progress from mi
crotrauma to macrotrauma. 

As with any other mechanical system, alignment is 
important. Ideal alignment facilitates optimal move
ment. If alignment is faulty before motion is initiated, 
correction is necessary to achieve the ideal configura
tion that must be retained throughout the motion. Obvi
ously the dynamic and regenerative properties of bio
logical tissues provide more latitude than the moving 
segments of most mechanical systems. However, a log
ical assumption is that the more ideal the alignment of 
the skeletal segments, the more optimal the perfor
mance of the controlling elements such as the muscle 
and nervous systems. Similarly, if alignment is ideal, 
there is less chance of causing microtrauma to joints and 
supporting structures. Studies have shown that the 
spinal segments subjected to the most movement are the 
segments that show the greatest signs of degenerative 
changes. 14 When movement deviates from the ideal, it is 
reasonable to assume that degenerative changes will 
likely occur. An analogy is found in the wheel movement 
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of an automobile. For optimal rotation, the wheels must 
be aligned and in balance. When aligned and balanced, 
the tires, as the interface between the automobile and 
the supporting surface, wear evenly, thus increasing the 
years of use. As discussed in this text, optimal muscular 
performance through subtle adjustments of muscular 
length and strength, as well as through the pattern of re
cruitment, produces and maintains the alignment and 
balance of human joint motion. 

Overview 

Concepts and Principles 
The concepts and principles explain how repeated 
movements and sustained postures alter tissue charac
teristics, which eventually change the pattern of move
ment and, if less than ideal, can cause impairments. The 
practice of PT is based on exercises that include re
peated movements and sustained postures designed to 
affect tissues positively. These expected positive results 
are to improve flexibility, strength, and movement pat
terns. The physical therapist expects a positive result if 
the exercises are practiced for 30 minutes to 1 hour each 
day. However, not all repeated movements and sustained 
postures are structured for a positive outcome; even 
sedentary individuals perform repeated movements or 
sustain postures for many hours per day as part of their 
daily activities. 

When movements are faulty or strength and flexi
bility are compromised, negative changes occur in soft 
tissues and in bony structures. The eventual result of in
jury to these tissues is musculoskeletal pain or a move
ment impairment syndrome. A model was developed to 
provide a guide to the impairments produced by move
ment. 

The kinesiologic model described in Chapter 2 in
corporates the elements and components of movement 
and is used to describe relationships among components 
and the development ofimpairments in the components. 
The impairments of soft tissues induced by repeated 
movements and sustained postures eventually cause a 
joint to develop a susceptibility to movement in a spe
cific anatomic direction. The susceptibility of a joint to 
motion increases the frequency of accessory and physi
ologic movements and is believed to cause tissue 
damage. Identification of the joint's directional suscep
tibility to movement (DSM) is the focus of the organi
zation and naming of diagnostic categories. Categories 
named for the offending direction or directions of move
ment are described in detail. Future refinements are an
ticipated, but today's information and ideas provide a 
useful classification system. The classification into syn
dromes is an important step in outcome research. For 

example, as every clinician knows, determining the ef
fectiveness of treatment of the patient with low back 
pain is almost impossible if the only category is the com
plaint of low back pain. Clearly, treatment of heart dis
ease and other medical conditions could not have pro
gressed to their current level of effectiveness if cardiac 
and other medical conditions had not been classified. 
The diagnoses described in this text will cover the 
shoulder, spine, and hip. 

Examination Format 
A standardized examination is used to identify the DSM 
and the factors that contribute to the presence of a dys
function. Because the trunk provides the support for the 
limbs and their muscular attachments, its alignment af
fects all other body segments. Faulty alignment of the 
head, cervical spine, and shoulders cannot be corrected 
without correcting the alignment of the trunk and pelvic 
girdle. The alignment of the hip, knees, and joints of the 
ankles and feet, as well as the distribution of forces ex
erted on these joints, are also greatly affected by the 
alignment of the trunk and pelvis. Therefore a biome
chanical examination of any specific anatomic region 
must incorporate movements of the trunk and extremi
ties to assess their effects on the site of interest. A stan
dard examination is used with slightly different em
phases or special tests, depending on the location ofthe 
painful segment. (This standard examination is de
scribed in detail and then specifically applied to the ex
amination of the shoulders, spine, and hip regions in the 
appropriate chapters.) 

Corrective Exercises 
Examination provides the basis for determining correc
tive exercise. When the patient fails a part of the exam
ination, the test item or a modification of the item is used 
as part of his or her therapeutic exercise program. There
fore the basic exercises, their modifications, and their 
progressions are described. The treatment program also 
includes instructing the patient in maintaining optimal 
postures and using correct movement patterns for daily 
activities. 

Routine daily movements that are repeatedly per
formed incorrectly result in the pain syndrome. These 
impairments in basic movement patterns must be iden
tified, and correct performance patterns must be prac
ticed. Corrective exercises are designed to help 
patients improve neuromuscular control of a specific 
muscle and movement, but they do not ensure that 
under more dynamic conditions, the correct patterns 
will be used. Patients will return to their former pat
terns unless they understand the importance of pre
venting motion in their joint's DSM. Patients must be 
specifically trained to move correctly during all activi-

• .I 



ties and to maintain correct alignment in static posi
tions, such as sitting and standing. Because the pro
gram must be performed daily and requires continual 
attention to body mechanics, performance is the 
responsibility of the patient. Therefore home programs 
are the primary method of treatment with weekly 
reassessments performed by the therapist of both the 
effectiveness of the program and the quality of patient 
performance. 

The examination can also identify signs of 
muscle and movement impairments before the devel
opment of symptoms and thus can be used to design 
preventive programs. Educating a person about his or 
her specific musculoskeletal impairments and how to 
correct these before pain develops is part of a pre
ventive program. 

Movement Impairment S~n{)yomei1 

Definition 
A variety of terms have been used to describe painful 
musculoskeletal conditions of unknown origin. Hadler 
refers to these conditions as regional musculoskeletal 
disorders.6 The term regional emphasizes the lack of an 
underlying systemic disease, supporting the belief that 
local mechanical trauma is the causative agent. Other 
common terms used to describe localized pain are mus
culoskeletal disorders, musculoskeletal dysfunction, 
myofascial syndromes, overuse syndromes, cumulative 
trauma, and repetitive strain injuries. Pain from major 
trauma to bones or from bone tumors or systemic dis
eases, such as rheumatoid arthritis, does not fall into this 
category. 

In this text the term movement impairment syn
drome is used synonymously with musculoskeletal pain 
(MSP). These syndromes are defined as localized painful 
conditions arising from irritation of myofascial, periar
ticular, or articular tissues. Their origin and perpetua
tion are the result of mechanical trauma, most often mi
crotrauma. Microtrauma is often ascribed to overuse, 
which is the repeated use or an excessive load that 
causes stress that exceeds the tissue's tolerance to with
stand injury. Excessive load can occur during a single 
episode of performing an activity or during repeated 
movements. Repeated use can occur in relatively short 
duration, such as a single episode of throwing a ball for 
1 hour, many years after the cessation of a similar ac
tivity. Repeated use can also occur in long duration, such 
as the baseball player who performs the same activity 
everyday for many days. Another cause of microtrauma 
is the development of tissue-damaging stress as a result 
of a deviation in the ideal arthrokinematics and the re
sulting movement impairment. 
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Although the management described in this book 
is primarily applied to overuse syndromes, the treatment 
concepts described can be applied to any disease that 
causes changes in joints and muscles, such as rheuma
toid arthritis. Because the concepts are applicable when
ever disease affects the biomechanics of the muscu
loskeletal system, the standard examination and similar 
treatment are recommended for all patients, even those 
with neurologic dysfunction. However, additional fac
tors must be considered in applying these principles 
when there is known dysfunction of the skeletal or ner
vous system. 

Prevalence 
Patients with pain originating from the musculoskeletal 
system constitute the largest group of individuals re
ceiving PT. In a report by Jette, more than 60% of the pa
tients discharged from a sample of PT clinics were 
treated for MSp, 25% were treated for low back pain, ap
proximately 12% for cervical pain, 12% for shoulder pain, 
and 12% for knee or hip pain. 8 The prevalence of patients 
with low back pain in PT is consistent with the finding 
that the lower back is the most common site of muscu
loskeletal pain. 5 Two factors explain why the majority of 
PT patients have MPS. One factor is the high incidence 
of these syndromes in the general public; the second 
factor is that exercise and the correction of body me
chanics are logical forms of treatment for conditions in 
which movement most often increases symptoms. This 
text discusses how movement associated with pain is 
impaired or causes additional stress to tissues that are 
already injured, thus contributing further to the trauma. 

Numerous reports have cited the high cost of low 
back pain paid by society.4 These expenses include di
rect costs for treatment, as well as indirect costs asso
ciated with lost work time. The economic effect on so
ciety is significant when the costs associated with MPS 
are combined with those of low back syndromes. 

Diagnosis and Management 
Although costly to society and compromising to the in
dividual, the cause of mechanical MPS is poorly under
stood. Even after the condition has progressed suffi
ciently to allow identification of specific tissue damage 
by radiologic or neurologic examinations, diagnosis can 
remain inconclusive or misleading. Studies, particularly 
of low back syndromes, have shown positive radiologic 
findings without clinical symptoms and negative radio
logic findings with clinical symptoms. Although specific 
pathologic abnormalities may be present, they may not 
be the cause of the pain.7 Therefore diagnostic labels in 
the early stages of a painful condition may be relatively 
nonspecific, (e.g., low back pain or shoulder impinge
ment). Management is most often based on symptomatic 
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treatment of the presumed tissue inflammation, rather 
than on the correction of the mechanical cause of the 
tissue irritation. Because these conditions usually affect 
the quality of life rather than the quantity of life, little in
vestigative attention has been directed to movement im
pairment syndromes when compared with other disease 
processes, such as cardiovascular, metastatic, and neu
rologic diseases. Management of many mechanically in
duced movement impairment syndromes has proven dif
ficult, because diagnosis is often based on patient 
self-reporting symptoms rather than on objective tests. 
The subjective nature of these reports and the difficulty 
in relating specific tissue abnormalities to symptoms 
make diagnosis and treatment a difficult challenge to the 
practitioner. Relating the consistency of pain behavior 
to specific movements is a useful guide to deciphering 
the mechanical and subjective factors contributing to 
the MPS. 

To provide effective treatment, the therapist must 
(1) develop a reasonable hypothesis of causal and con
tributing factors, (2) perform a specific and systematic 
examination to identify those factors, (3) formulate a di
agnosis to direct PT treatment, (4) provide a well-de
signed treatment strategy based on the diagnosis and 
contributing factors, and (5) evaluate the outcome of 
treatment. 

Structures Affected 
Structures that are the source of symptoms are myofas
cial, periarticular, articular, and neurologic. Pain indi
cates that either mechanical deformation or an inflam
matory process is affecting the nociceptors in the 
symptomatic structures. Although various soft tissues 
can be identified as the sources of pain, a more impor
tant and often ignored consideration should be to an
swer the question, "What caused them to become 
painful?" The variety of affected tissues suggests dif
ferent sources, but a parsimonious explanation suggests 
a common cause. The likely cause is mechanical irrita
tion or stress. Entrapment, impingement, or adhesions 
that are also mechanical causes of irritation can affect 
myofascial tissue, as well as nerves and nerve roots. 

Identifying the symptomatic tissue, if possible, is 
only one step and not always a necessary step to correct 
a painful condition. For example, although the supra
spinatus tendon can be identified as the source of a spe
cific shoulder pain, the reason it became painful needs 
to be identified to alleviate and prevent the recurrence 
of the pain. One commonly used explanation is that 
physical stress from repetitive motion is the cause of me
chanical irritation of the tendon. A more useful expla
nation is that motion at the glenohumeral joint is im
paired-an acquired alteration in arthrokinematics 
-thus creating mechanical irritation of the tendon that 

would not have occurred if the joint motion had been 
optimal. Identifying the specific characteristics of the 
impairment in glenohumeral motion is more informative 
than identifying the supraspinatus tendon as the painful 
structure. Knowledge of the impairment provides infor
mation that can be used to limit its progression, achieve 
correction of the impairment, eliminate the present pain, 
and prevent future recurrence of the problem. 

Treatment Approaches Based on Intervention 
Variations in belief about underlying causative factors 
have led to three basic approaches to PT treatment of 
MSPs. One approach focuses on the symptoms, another 
focuses on both the source of symptoms and restrictive 
tissues, and the third focuses on the cause of the symp
toms and contributing factors. 

The symptom-focused approach presumes that 
the painful tissue is the source of the problem.3 Tissue 
is inflamed and relief of the inflammation will resolve 
the problem. In this situation the nonspecific stress that 
causes tissue irritation arises primarily from fatigue 
that occurs when abnormal stresses are imposed on a 
structure over a prolonged period, resulting in tissue 
breakdown. Overuse, defined as activity that exceeds 
tissue tolerance, can also be a factor that results in the 
breakdown of tissue or produces an inflammatory re
sponse. Management in this approach is directed at 
eliminating the destructive stress by rest and providing 
antiinflammatory treatment to allow the affected tissue 
to heal. An exercise program to strengthen the affected 
tissues is the next step in treatment after a resolution 
of symptoms. 

The symptom source and restricted tissue ap
proach focuses on treating the source ofthe symptoms, 
such as the painful supraspinatus tendon in a reduced 
subacromial space, and correcting restrictive tissues, es
pecially those contributing to accessory joint motion im
pairments. Any deficits in joint movements, particularly 
those that are painful, are treated by mobilization or ma
nipulation. When accessory joint mobility is within 
normal limits and painless after treatment, then subse
quent movement will continue to be normal and the con
dition will be alleviated. 

The third approach, and the one advocated in this 
text, places less emphasis on identifying the source of 
the symptoms and more on identifying the cause. This 
approach presumes that the problem occurred because 
patterns of movement were impaired before joint move
ment became painful or restricted. Restricted joint mo
tion is considered the consequence rather than the cause 
of movement faults. In the case of supraspinatus ten
donitis, the movements of the scapula during shoulder 
flexion and abduction are usually restricted. If the 
scapula does not sufficiently abduct or upwardly rotate 



to achieve 60 degrees of upward rotation, the subacro
mial space will be reduced and the tendon will become 
irritated. Although the pain is at the glenohumeral joint 
in this example, the movements of the entire shoulder 
girdle complex must be examined. Pain around the 
glenohumeral joint is often a result of scapular motion 
impairment; therefore treatment should be directed at 
scapular muscular control rather than just at the mus
culature of the glenohumeral joint. 

The MSB examination attempts to identify all the 
factors contributing to movement pattern impairments 
of the shoulder girdle. These factors are alignment and 
neuromuscular performance. The supraspinatus tendon 
would not be the focus of treatment by direct applica
tion of modalities unless clear signs of inflammation are 
present; rather, the primary treatment would be allevi
ating the mechanical source of the problem. The pur
pose of treatment in this approach is to correct factors 
predisposing or contributing to movement pattern im
pairments, thus alleviating the stress on the painful tis
sues and allowing inflammation to subside. By avoiding 
direct treatment of symptomatic tissues, the change in 
symptoms can be used to assess and monitor the effec
tiveness of movement correction achieved with the ex
ercise program. 

Cause Identification Versus 
Symptom Reduction 
Movement is essential for physical, economic, social, 
and emotional reasons. When specific movements cause 
pain that compromises overall function, reducing pain 
by correcting the movement impairment is beneficial to 
the patient's mental and physical health and alleviates 
the microtrauma affecting the painful tissues. When the 
patient has an understanding of how to control the fac
tors producing his symptoms, he or she can assume an 
active role in treatment and prevention and not become 
dependent on passive treatment from the health care 
system. Addressing the movement source of pain con
tributes to a more complete and enduring correction 
than using an approach in which the pain is relieved by 
temporary measures (e.g., physical or chemical agents) 
and the patient remains uninformed about the cause and 
ways to prevent recurrence. 

Neeo for C[aiJiJipcation 

The practice of medicine is based on classification. The 
goal of the physician's examination is to establish a di
agnosis to prescribe treatment. Often implicit in the di
agnosis is knowledge of the underlying pathophysiology. 
Without diagnosis-based practice, medicine would not 
have made the advancements in care that are evident 
today. The diagnosis provided by the physician is ade-
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quate to direct treatment, because it is associated with 
an underlying pathophysiologic condition. When the di
agnosis is associated with a clear explanation of the 
mechanism of movement impairment, it is adequate to 
direct the treatment provided by a physical therapist. 
The physician's diagnosis of an MSP syndrome directs 
only the medical resolution of pain through pharmaco
logic or surgical intervention, but this diagnosis is not 
adequate to describe or direct the treatment of the 
biomechanical origins of the pain syndromes. Physical 
therapists have devised effective treatment programs 
for patients; unfortunately, such programs are often 
based on a therapist's individual judgment and not from 
a widely accepted or recognized diagnostic scheme with 
associated treatment recommendations. Impairments, 
as described by Nagi in his model of disablement,12 are 
appropriate for diagnosis by physical therapists. Diag
nostic categories consisting of impairment syndromes 
are consistent with the physical therapist's education 
and treatment focus. Nagi defines impairment as "an al
teration in anatomical, physiological, or psychological 
structures or functions that is the result of some under
lying abnormality."12 This is distinct from pathologic 
conditions that arise from disease that, according to the 
Nagi model, are the basis of the physician's diagnosis. 12 

Just as diagnostic schemes have advanced the treatment 
and research of a variety of conditions arising from dis
ease, so do diagnostic schemes advance the treatment 
and research of conditions associated with impair
ments. This text presents impairments that are classified 
and organized into syndromes similar to the medical di
agnosis used to classify disease-induced conditions. 
Movement impairments have been used as the focus for 
classification of MPS. 

The approach advocated in this text is diagnosis of 
MPS by classification according to the directions of mo
tion or stress that are accompanied by pain. The names 
of the diagnostic categories of the classification system 
are the names of joint motions, physiologic or accessory. 
In naming the syndrome, the diagnosis is given the name 
of the movement( s) or postural alignment during which 
the patient complains of pain or during which the mo
tion is performed in a faulty (less than ideal) manner. 
For example, in the diagnostic category for low back 
pain, the pain is elicited not only with direct movements 
of the spine, but it is also caused by movements of the 
extremities that impose the same direction of stress on 
or movement of the spine. The lumbar flexion syndrome 
is characterized by pain whenever the lumbar spine is 
flexed, such as during forward bending or sitting in a 
slumped position. When the patient is instructed to 
maintain the lumbar spine in a neutral position and bend 
forward with hip flexion only, the lumbar flexion is elim
inated. In the sitting position when the patient extends 
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the knee, there is associated lumbar flexion and an in
crease in symptoms. Limiting the range of knee exten
sion and preventing the lumbar motion, which decrease 
the syndrome, support this diagnosis. 

The examination is combinatorial, because mul
tiple test items are used to verify the presence of the 
DSM (e.g., lumbar flexion). Careful assessment of pre
cise movement at specific joints is an important part of 
the examination. Specific tests of contributing factors, 
such as muscle stiffness, length, and strength, and pat
terns of recruitment and compensatory secondary joint 
movement, are also parts of the examination. Because 
pain is a major factor, psychological attitudes and illness 
behavioral information are important components in the 
diagnosis and management of the cases of MSp'16 Al
though recognized as important, this aspect of diagnosis 
is not discussed in this text, and the reader is referred 
to other sources. 
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Kinesiologic Model 

Pathokinesiologic Model 

Kinesiopathologic Model 

Base Element Impairments of the Muscular System 

Base Element Impairments of the Skeletal System: Structural 
Variations in Joint Alignment 

Modulator Element Impairment: Nervous System 

Biomechanical Element Impairments 

Multiple Impairments of the Components of Movement 

Support Element Impairments 

After reviewing this chapter, the reader will be able to discuss: 

1. The components of and differences among the three 

models of the movement system. 

2. How the muscular, nervous, and skeletal systems are 

affected by repeated movements and sustained postures. 

3. How repeated movements and sustained postures con

tribute to the development of musculoskeletal pain 

syndromes. 

4. The concept of relative flexibility, its relationship to muscle 

stiffness, and its implications in the role of exercise to 

stretch muscles. 

5. The role of a joint's directional susceptibility to movement in 

the development of a musculoskeletal pain syndrome. 

KineJio[ooic Mo~e[ 
Composition of the Model 
This text discusses musculoskeletal pain syndromes 
arising from tissue alterations that are caused by move-

ment. Movement is considered a system that is made up 
of several elements, each of which has a relatively 
unique basic function necessary for the production and 
regulation of movement. Various anatomic and physio
logic systems are components of these basic elements 
(Figure 2-1). To understand how movement induces pain 
syndromes, the optimal actions and interactions of the 
multiple anatomic and physiologic systems involved in 
motion must be considered. The optimal function and 
interaction of the elements and their components are 
depicted in the following kinesiologic model. 

The elements of the model are (1) base, (2) modu
lator, (3) biomechanical, and (4) support. The compo
nents that form the base element, the foundation on 
which movement is based, are the muscular and skeletal 
systems. The components ofthe modulator element reg
ulate movement by controlling the patterns and charac
teristics of muscle activation. The modulator element of 
motion is the nervous system, because of its regulatory 
functions (described in the sciences of neurophysiology, 
neuropsychology, and physiologic psychology). Com
ponents of the biomechanical element are statics and dy
namics. Components of the support element include the 
cardiac, pulmonary, and metabolic systems. These sys
tems play an indirect role because they do not produce 
motion of the segments but provide the substrates and 
metabolic support required to maintain the viability of 
the other systems. 

Every component of the elements is essential to 
movement because of the unique contributions of each; 
however, equally essential is the interaction among the 
components. Each has a critical role in producing move
ment and is also affected by movement. For example, 
muscular contraction produces movement, and move
ment helps maintain the anatomic and physiologic func-
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tion of muscle. Specifically, movement affects properties 
of muscle, such as tension development, length, and stiff
ness, as well as the properties of the nervous, cardiac, pul
monary, and metabolic systems. (The changes in these 
properties are discussed in detail later in this chapter.) 

Clinical Relevance of the Model 
Optimal function of the movement system is maintained 
when there is periodic movement and variety in the di
rection of the movement of specific joints. For example, 
a posture should not be sustained for longer than 1 hour, 
based on studies of the effects of sustained forces. 
McGill and associates have shown that 20 minutes in a 
position of sustained flexion can induce creep in the soft 
tissues, requiring longer than 40 minutes for full re
covery.41 1\vo types of effect on soft tissues from sus
tained forces are described: (1) time-dependent defor
mation of soft tissues, and (2) soft tissue adaptations 
involving protein synthesis.23 A study by Light and col
leagues demonstrates that 1 hour per day of sustained 
low-load stretching produces significant improvement 
in range-of-knee extension in patients with knee flexion 
contractures when compared with high-load stretching 
produced during short duration.37 The implication is 
that short duration stretching produces temporary de
formation of soft tissues, but 1 hour of stretching may 
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be a sufficient stimulus for long-term soft-tissue adap
tations. When there is variety in the stresses and direc
tions of movement of a specific joint, the supporting tis
sues are more likely to retain optimal kinesiologic 
behavior (dldined as precision in movement) than 
when there is constant repetition of the same specijic 
movement or maintenance of the same specijic position. 

patbokjne"jo[otjic Mo()e[ 

Composition of the Model 
Pathokinesiology is described by Hislop as the distin
guishing clinical science of physical therapy, and it is 
defined as the study of anatomy and physiology as they 
relate to abnormal movement. 25 Based in part on word 
construction and in part on clarification of causative fac
tors, pathokinesiology emphasizes abnormalities of 
movement as a result of pathologic conditions. The 
pathokinesiologic model (Figure 2-2) depicts the role of 
disease or injury as producing changes in the compo
nents of movement, which result in abnormalities of 
movement. In the Nagi model of disablement,45 disease 
leads to impairments that cause functional limitations 
with the possible end result of disability. Impairments 
are defined as any abnormality of the anatomic, physio-
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logic, or psychologic system. Therefore abnormalities of 
any component system or of any movement are consid
ered impairments. 

In the pathokinesiologic model, a pathologic dis
ease such as rheumatoid arthritis, produces lesions in 
the skeletal components because of the degenerative 
changes in joints. The degenerative joint changes cause 
alterations in movement of the joint and possibly in 
movements involved in functions such as ambulating or 
self-care activities. This model suggests that in addition 
to the changes in skeletal components, such as joint 
structures and movement characteristics, there are also 
changes in the neurologic, biomechanical, cardiopul
monary, and metabolic components. Depending on the 
severity of the movement impairments, the conse
quence can be disability. 

Similarly, a cerebral vascular accident produces 
pathologic abnormalities in the central nervous system 
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with the consequence often a form of paresis and move
ment impairment. Although the primary lesion is in the 
nervous system, all secondary changes in other compo
nents of the movement system must be considered to 
ensure optimal management of the patient's movement 
impairment. 

Clinical Relevance of the Model 
In the pathokinesiologic model, the pathologic abnor
mality is the source of component impairments, which 
then causes movement impairments, functionallirnita
tions, and often disability. Because of the interaction of 
the component systems as depicted in the model, iden
tifying the secondary changes in each system is as im
portant as understanding the primary pathologic effect 
on a system component. For example, in the case of 
hemiparesis, the movement dysfunction is the result of 
an abnormality involving the nervous system. Factors 
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contributing to movement dysfunction include but are 
not limited to (1) an inability of the central nervous 
system to recruit and drive motor units at a high fre
quencY,56 (2) the co-activation of antagonistic muscles, 13 
(3) a secondary atrophy of muscles that compromise 
contractile capacity,7 (4) the stiffness of the muscle, 57 (5) 
a loss of range of motion from contracture,21 (6) the 
biomechanical alterations that are the result of insuffi
cient and inappropriate timing of muscular activity, 12,51 
and (7) an internal sensory disorganization. 12 In addi
tion, the alterations of metabolic demands during ac
tivity and the aerobic conditioning of the patient must 
all be considered as contributing factors in the move
ment impairment. The degree of involvement of each of 
these factors and their influence on function varies from 
patient to patient. Physical examination formats should 
address all these factors and their relative importance 
to the patient's functional problem. Decisions that lead 
to the formation of the management program must be 
based on the potential for remediation of each of the con
tributing factors and ranked according to their relative 
importance to the functional outcome of the patient. 

KjneojopatboCo(Jjc Mo3eC 

Rationale for the Model 
A common belief is that movement impairments are the 
result of pathologic abnormalities, but the thesis of this 
text is that movements performed in daily activities can 
also cause impairments that eventually lead to patho
logic abnormalities. Therefore a different model is pro
posed to characterize the role of movement in producing 
impairments and abnormalities. The empirical basis of 
this model stems from observations that repetitive move
ments and sustained postures affect musculoskeletal and 
neural tissue. The cumulative effect of repetitive move
ments is tissue damage, particularly when the move
ments deviate from the optimal kinesiologic standard for 
movement. Human movements involve similar internal 
and external forces as do mechanical systems.49 In me
chanical systems, maintaining precise movement is of 
such importance that the science oftribology is devoted 
to the study of factors involved in movement interac
tions. Tribology is defined as the study of the mecha
nisms offriction, lubrication, and wear of interacting sur
faces that are in relative motion. 1 Based on the 
similarities of biomechanical and mechanical systems, 
the premise for ensuring the efficiency and longevity of 
the components of the human movement system is main
taining precise movement of rotating segments. Al
though the adaptive and reparative properties of biolog
ical tissues permit greater leeway in maintaining their 
integrity than do nonbiologic materials, it is reasonable 

to assume that maintaining precise movement patterns 
to minimize abnormal stresses is highly desirable. 

A useful criterion for assessing precise or balanced 
movement is observing the path of instantaneous center 
of rotation (PICR) during active motion (Figure 2-3). The 
instantaneous center of rotation (lCR) is the point 
around which a rigid body rotates at a given instant of 
time.48 The PICR is the path of the ICR during move
ment. In many joints the PICR is not easily analyzed and 
radiologic methods are necessary to depict the precision 
of the motion (Figure 2-4). These radiologic methods use 

Instant center 
pathway 

As the knee moves from flexion to extension, successive instantaneous 
centers can be mapped, which is known as the instant center pathway. 
In the normal knee, the pathway is semicircular and located in the 
femoral condyle. (Modified from Rosenberg A, Mikosz RP, Mohler CG: 
Basic knee biomechanics. In Scott WN, editor: The knee, St Louis, 
1994, Mosby'> 

PieR of the knee. Line drawn perpendicular from the instantaneous 
center to the joint surface is normally parallel to the joint surface, indica
tive of a sliding motion between surfaces. (Modified from Rosenberg A, 
Mikosz RP, Mohler CG: Basic knee biomechanics. In Scott WN, editor: 
The knee, St Louis, 1994, Mosby'> 



movements that are performed passively and under ar
tificial conditions. The joints in which the PICR is diffi
cult to observe clinically include those of the knee and 
spine. The PICR of the scapulothoracic (Figure 2-5) and 
glenohumeral (Figure 2-6) joints can be observed visu
ally, but it cannot be easily quantified. 

Knowledge of the PICR and range of motion of the 
joint both guide observations and judgments about 
movement. Although it is rarely referred to specifically, 
the observation of the PICR is the guideline that phys
ical therapists use to judge whether the joint motion is 
normal or abnormal. Anatomic and kinesiologic factors 
that determine the PICR and the pattern of joint move
ment are (1) the shape of joint surfaces, (2) the control 
by ligaments, and (3) the force-couple action of mus
cular synergists.73 

With normal or ideal movement of joints, the ques
tion arises, "What is the cause of deviations in joint 
movement when a pathologic condition or specific in
jury is not the problem?" Suggested causes of deviations 
in joint movement patterns are repeated movements 
and sustained postures associated with daily activities 
of work and recreation. For example, baseball pitchers 
and swimmers perform repeated motions and com
monly experience shoulder pain. 16,31 Prolonged sitting 
has been cited as a factor in the development of back 
pain. 52 Cyclists who spend 3 hours riding their bicycles 
in a position of lumbar flexion have a reduced lumbar 
curve when compared with control subjects who do not 
ride bicycles. 1o 

Therapists and other clinicians involved in exercise 
prescription believe that repeated movements can be 
used therapeutically to produce desired increases in 
jointjlexibility, muscle length, and muscle strength, as 
weU as to train specific patterns oj movement. All indi-
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PICR of the scapulothoracic joint. 
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viduals who participate in exercise accept the fact that re
peated movements affect muscle and movement perfor
mance. Thus these individuals should also accept the idea 
that repeated motions oj daily activities, as weU as those 
activities oj fitness and sports, may also induce unde
sirable changes in the movement components. Stretching 
and strengthening exercises performed for shorter than 
1 hour are believed to produce changes in muscular and 
connective tissues. However, repeated movements and 
sustained postures associated with everyday activities 
that are performed for many hours each day may even
tually induce changes in the components of the move
ment system. The inevitable result is the development of 
movement impairments, tissue stress, microtrauma, and 
eventually macrotrauma. In accordance with this pro
posed theory, the effects of repeated movements and 
sustained postures modify the kinesiologic model so that 
it becomes a kinesiopathologic model (Figure 2-7), that 
is, a study of disorders of the movement system. 

PICR of the glenohumeral joint. 
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Clinical Relevance of the Model 
The kinesiopathologic model serves as a general guide 
for identifying the components that have been altered 
by movement. Identifying the alterations or suboptimal 
functions of components provides a guide to prevention, 
diagnosis, and intervention. If there is suboptimal func
tion of any component of an element, operationally de
fined as an impairment, it may be considered a problem 
and corrected before the client develops muscu
loskeletal pain. Identifying impairments and correcting 
them before they become associated with symptoms is 
using the information incorporated in the model as a 
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guide to prevention. If the impairment is not corrected 
and the repeated movements continue, the sequence of 
movement impairment leading to microtrauma and 
macrotrauma progresses with the consequence of pain 
and, eventually, identifiable tissue abnormalities. 

If pain is present, the kinesiopathologic model can 
be used to identify all the contributing factors that must 
be addressed in a therapeutic exercise program. Re
versal of the deleterious sequence requires the identi
fication and correction of the movement and compo
nent impairments. More important than developing a 
therapeutic exercise program, the performance of 
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functional activities that cause pain must be identified 
and corrected. 

Based on clinical examinations, muscular, skele
tal, and neurologic component impairments have con
tributed to musculoskeletal pain syndromes. (Each of 
these impairments is individually discussed in this 
chapter.) The key to diagnosis and effective interven
tion is the identification of all impairments con
tributing to a specific movement impairment syn
drome. (Syndromes and their multiple associated 
impairments are discussed in the relevant chapter on 
diagnostic categories.) 

How do repeated movements and sustained pos
tures cause changes in the component systems? The 
prevailing characteristic of the muscular system is its 
dramatic and rapid adaptation to the demands placed 
on it. Most often, adaptations such as changes in 
strength are considered advantageous; however, 
changes in strength can also be detrimental and may 
contribute to movement impairments. Muscles be
come longer or shorter as the number of sarcomeres 
in series increases or decreases. Everyday activities 
can change the strength and length of muscles that 
alter the relative participation of synergists and an
tagonists and, eventually, the movement pattern. 

Identifying the types of changes that occur in 
muscle and the causative factors for these changes is the 
key to maintaining or restoring optimal musculoskeletal 
health. Changes in muscle occur even when an indi
vidual lives a sedentary lifestyle; muscular changes are 
not limited to those who perform physically demanding 
work. The most sedentary occupation or lifestyle is as
sociated with some form of repeated movement or sus
tained posture. For example, individuals who sit at a 
desk during most of the day perform many rotational or 
side-bending movements oftheir spine when they move 
from a writing surface to the computer or when they 
reach for the telephone or into a file drawer. 

Movements repeated at the extremes of frequency 
(either high or low) and movements that require the ex
tremes of tension development (either high or low) can 
cause changes in muscle strength, length, and stiffness. 
Similarly, sustained postures and particularly those pos
tures that are maintained in faulty alignments can in
duce changes in the muscles and supporting tissues that 
can be injurious, especially when the joint is at the end 
of its range. 70 

One of the most surprising characteristics of 
muscle performance evident to those who perform spe
cific manual muscle testing is the presence of weakness, 
even in those individuals who regularly participate in 
physical activities. A frequently held assumption is that 
participation in daily activities or participation in sports 
places adequate demands on all muscles, ensuring 
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normal performance. However, careful and specific 
muscle testing demonstrates that several muscles com
monly test weak. For example, muscles frequently 
found to be weak are the lower trapezius, external 
oblique abdominal, gluteus maximus, and posterior glu
teus medius. Even individuals who are active in sports 
demonstrate differences in the strength of synergistic 
muscles; one muscle can be notably weaker than its 
synergist. 

The following example illustrates how repeated 
movements can alter muscle performance and lead to 
movement impairments. When the gluteus maximus and 
piriformis muscles are the dominant muscles producing 
hip extension, their proximal attachments provide more 
optimal control of the femur in the acetabulum than do 
the hamstring muscles. The attachments of the piri
formis and gluteus maximus muscles onto the greater 
trochanter and intertrochanteric line of the femur pro
vide control of the proximal femur during hip extension. 
The gluteus maximus through the iliotibial band also at
taches on the tibia distally. Therefore this muscle is pro
ducing movement of both the proximal and distal as
pects of the thigh, which reinforces the maintenance of 
a relatively constant position of the femoral head in the 
acetabulum during hip extension (Figure 2-8). 

The normal pattern can become altered, particu
larly in distance runners who develop weakness of the 
iliopsoas and gluteus maximus muscles. In contrast, the 
tensor fascia lata (TFL), rectus femoris, and hamstring 
muscles often become stronger and more dominant in 
distance runners than in nonrunners. The lack of bal
ance in the strength and pattern of activity among all the 
hip flexor and extensor muscles can contribute to move
ment impairments, because each muscle has a slightly 
different action on the joint to which it attaches. When 
one in the group becomes dominant, it alters the preci
sion of the joint motion. In the scenario where the ac
tivity of the hamstring muscles is dominant and the glu
teus maximus muscle is weak, the result can be 
hamstring strain and a variety of hip problems that are 
painful. One plausible reason hip joint motion becomes 
altered is that the hamstring muscles, with one excep
tion, originate from the ischial tuberosity and insert into 
the tibia. (The exception is the short head of the biceps 
femoris muscle, which attaches distally on the femur.) 
Because the hamstring muscles, with the exception of 
the short head, do not attach into the femur, they cannot 
provide precise control of the movement of the prox
imal end of the femur during hip extension. When the 
hamstring muscular activity is dominant during hip ex
tension, the proximal femur creates stress on the ante
rior joint capsule by anteriorly gliding during hip exten
sion rather than maintaining a constant position in the 
acetabulum (see Figure 2-8). This situation can be ex-
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A 

Hip extension in prone. A Normal hip extension with constant position of femur in acetabulum; 
B, Abnormal hip extension because of anterior glide of femoral head. 

aggerated if the iliopsoas is stretched or weak and is not 
providing the normal restraint on the femoral head. 

These changes in dominance are not presumed; 
they are confirmed through manual muscle testing and 
careful monitoring of joint movement. Manual muscle 
testing32 is used to assess the relative strength of syner
gists and the identification of muscle imbalances. Care
fully monitoring the precision of joint motion as indi
cated by the PICR is also necessary when the muscle 
imbalance has produced a movement impairment. For 
example, monitoring the greater trochanter during hip 
extension will identify which muscles are exerting the 
dominant effect. The greater trochanter will move ante
riorly when the hamstrings are the dominant muscles. 
In contrast, the greater trochanter will either maintain a 
constant position or move slightly posteriorly when the 
gluteus maximus and piriformis muscles are the prime 
movers for hip extension. 

Muscle testing identifies the muscles that demon
strate performance deficits as a result of weakness, 
length changes, or altered recruitment patterns. In ad
dition to reduced contractile capacity of muscle, other 
factors such as length and strain can be responsible for 
altered muscle performance, and the muscle can score 
a less than normal grade in a manual muscle test. The 
different mechanisms that contribute to these factors 
can be identified by performance variations during 
manual muscle testing and are discussed in this chapter. 

BaJe E[ement ImpairmentJ 
of tbe MUJcu[ar S~Jtem 
Muscle Strength 
To design an appropriate intervention program, it is nec
essary to identify the specific factors that are causing the 
impairments of the muscular system and contributing 
to movement impairment. Factors affecting the con
tractile capacity of the muscle are the number of muscle 
fibers, the number of contractile elements in each fiber 
(atrophy or hypertrophy), the arrangement (series or 
parallel), the fundamental length of the fibers, and the 
configuration (disruption, over-lengthened, or over
lapped) ofthe contractile elements. 

Muscular force is in proportion to the physiologic 
cross-sectional area.36 The physiologic cross-sectional 
area is a function of the number of contractile elements 
in the muscle (Figure 2-9). Muscle will atrophy, or lose 
contractile elements, when it is not routinely required 
to develop other than minimal tension. Conversely, the 
muscle cells hypertrophy when routinely required to 
develop large amounts of tension, as long as the ten
sion demands are within the physiologic limit of its 
adaptive response. The change in size (circumference) 
of a muscle occurs either by a decrease in sarcomeres 
(atrophy) (Figure 2-10) or an increase in sarcomeres 
(hypertrophy) (Figure 2-11). In hypertrophy the addi
tion of sarcomeres in parallel is accompanied by the 
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Structure of skeletal muscle. A. Skeletal muscle organ, composed 
of bundles of contractile muscle fibers held together by connective tis
sue. B, Greater magnification of single fiber showing small fibers, 
myofibrils in the sarcoplasm. C Myofibril magnified further to show sar
comere between successive Z lines. Cross striae are visible. D, Molecular 
structure of myofibril showing thick myofilaments and thin myo
filaments. (From Thibodeau GA, Patton KT: Anatomy 8. physiologX 3e, 
St Louis, 1996, Mosby'> 

addition of sarcomeres in series, though to a lesser ex
tent than those added in parallel. 

Decreased Muscle Strength Caused by Atrophy 
One cause of muscle weakness is a deficiency in the 
number of contractile elements (actin and myosin fila
ments) that make up the sarcomere structure of the 
muscle. Atrophy of a muscle is not typically associated 
with pain during either contraction or palpation. A lack 
of resistive load on muscle can cause atrophy, not only 
by reducing the numbers of sarcomeres in parallel and, 
to a lesser extent, in series, but also by decreasing the 
amount of connective tissue. 

The decreased number of sarcomeres and the de
creased amount of connective tissue can affect both the 
active36 and passive9 tension of a muscle, which affects 
the dynamic and static support exerted on each joint it 
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Atrophy of muscle. Micrographs from normal muscles (top pane/J. 
Micrographs from immobilized muscles illustrating atrophied muscles 
where the sarcomeres have decreased in diameter (bottom pane/J. (From 
Leiber RL et al: Differential response of the dog quadriceps muscle to 
extemal skeletal fixation of the knee, Muscle Nerve 11: 193, 1988'> 

Hypertrophy of muscle. Cross-section of control rat soleus muscle 
(left). Cross-section of hypertrophied rat soleus muscle (rightJ. (From 
Goldberg AL et al : Mechanism of work-induced hypertrophy of skeletal 
muscle, Med Sci Sports 3: 185, 1975'> 

crosses. The effect is diminished capacity for the devel
opment of active torque and less stability of the joint 
controlled by the muscle. For example, if the peroneal 
muscles of the leg are weak, the motion of eversion will 
be weak and the passive stability that helps restrain in
version will be diminished. 

The passive tension of muscles also affects joint 
alignment. When the elbow flexor muscles are weak or 
have minimal passive tension, the elbow remains ex
tended when the shoulder is in neutral. When the elbow 
flexors are hypertrophied from weight training, the 
resting position of the elbow joint is often one of flexion. 
Because atrophy means a deficiency of contractile ele
ments, the size of a muscle ( cross-sectional area) and its 
firmness can be used as guides to assess strength. For 
example, poor definition of the gluteal muscles is usu
ally a good indication that these muscles are weak, par-
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ticularly when the definition of the hamstring muscles 
suggests hypertrophy. Examiners should not rely solely 
on observation, but they should perform a manual 
muscle test to confirm or refute the hypothesis. 

As mentioned, when muscle in the normal indi
vidual is tested, it is not uncommon to find deficient 
performances, even in those who exercise regularly. 
These deficiencies develop because subtle differences 
in an individual's physical structure and manner of per
forming activities can have a major effect on the par
ticipation of different muscles. When an individual 
shorter than 5 feet, 2 inches in height stands from sit
ting in a standard chair, the demands placed on his or 
her hip and knee extensor muscles are not the same as 
those in the individual who is 6 feet, 2 inches in height 
or who has long tibias that cause the knees to be higher 
than the hips when sitting. A greater demand is placed 
on the extensor musculature when the knees are higher 
than the hips while sitting and the individual stands 
from a sitting position. These differences become ap
parent when standing from a low chair or sofa. When 
individuals use their hands to push up from a chair, they 
also contribute to the weakness of the hip and knee ex
tensor muscles by decreasing their participation. 

Another example of altering the use of specific 
muscles is seen in the individual who returns to an up
right position from a forward flexed position by swaying 
the hips forward rather than maintaining a relatively 
fixed position of the hips. The individual with the rela
tively fixed position of the hips lifts the length of the 
pelvis and trunk by extending the hips and back (Figure 
2-12). Typically, individuals who sway their pelvis for
ward have weak gluteus maximus muscles. There are 
numerous ways in which slight subtleties in movement 
patterns contribute to specific muscle weaknesses. The 
relationship between altered movement patterns and 
specific muscle weaknesses requires that remediation 
addresses the changes to the movement pattern; the per
formance of strengthening exercises alone will not 
likely affect the timing and manner of recruitment 
during functional performance. 

Clinical Relevance of Muscle Atrophy 
Identifying specific muscle weakness requires manual 
testing. When a muscle is atrophied, it is unable to hold 
the limb in the manual test position or at any point in the 
range when resistance is applied. The muscle is not 
painful when palpated or when contracting against re
sistance. When a muscle tests weak, the therapist care
fully examines movement patterns for subtleties of sub
stitution. Correction of these movement patterns in 
addition to a specific muscle-strengthening program is 
required for an optimal outcome. Another factor that 
must be corrected is the habitual use of any position or 

posture that subjects the muscle to stretching, particu
larly when the patient is inactive (e.g., sleeping). 
Sleeping postures can place the muscles of the hip and 
shoulder in stretched positions. (This type of stretch 
weakness is discussed in the section on lengthened 
muscle in this chapter.) 

To initiate the reversal of muscle atrophy, the pa
tient's ability to activate the muscle volitionally is aug
mented. Studies indicate that after 2 weeks of training, 
2ooA> of the change in muscle tension development can 
be attributed to muscular factors ( contractile capacity) 
and 8ooA> from enhanced neural activation.43 Training 
specific muscles is particularly important when the 
problem is an imbalance of synergists rather than gen
eralized atrophy. 

Exercises that emphasize major muscle group con
traction can contribute to the imbalance, rather than 
correct it. When the patient performs hip abduction with 
the hip flexed or medially rotated, the activities of the 
TFL, anterior gluteus medius, and gluteus minimus mus
cles are enhanced to a greater extent than the activity of 
the posterior gluteus medius muscle, even though all 
these muscles are hip abductors. The end result is hip 
abduction with hip flexion and medial rotation rather 
than pure abduction. Resistance exercises performed 
on machines can contribute to imbalances unless proper 
precautions are observed. 

A B c 

Return from fOlWard bending using three different strategies. 
Optotrak depiction of movement of markers placed at the head of the 
fifth metatarsal, ankle joint, lateral epicondyle of the knee, greater 
trochanter, iliac crest, and tip of shoulder. A The motion is initiated by 
hip extension, followed by immediate and continuous lumbar extension, 
and is accompanying the rest of the hip motion. B, The motion is initiat
ed by lumbar extension and followed by hip extension. C In the 
forward-bending position, the subject is swayed backward with the 
ankles in plantar flexion. The retum motion is a combination of ankle 
dorsiflexion and hip extension by forward sway of the pelvis. (Courtesy 
of Amy Bastian, PhD, PT.l 



Approximately 4 weeks of strengthening exercises 
are required to verify the morphologic increase in 
muscle cross-sectional area.43 Studies at the cellular 
level suggest that change may be occurring earlier than 
4 weeks, which is consistent with the metabolic prop
erties of other proteins. Because 4 weeks is required for 
changes in the number of contractile elements, early im
provements in muscle performance are attributed to 
neuromotor recruitment. The rate of recruitment and 
the absolute frequency of activation of muscles are im
portant factors in the performance of producing, im
proving, and maintaining the tension-generating prop
erties of muscles. 

Decreased Muscle Strength Secondary to Strain 
Strain can result from excessive stretching for short du
ration or excessive physiologic loading usually associ
ated with eccentric contraction.35 (Additional discus
sion ofthe cellular manifestation of strain is found in the 
section on increased muscle length in this chapter.) Un
less there is an actual tear of muscle fibers and obvious 
signs of hemorrhage, strain is not readily recognized as 
a source of muscle weakness. The intervention is dif
ferent than when the muscle is strained and not merely 
atrophied. 

Muscles that are strained are usually painful when 
palpated or when contracting. As with atrophy, a 
strained muscle is weak and unable to hold the limb in 
any position when resistance is applied throughout the 
range of motion. The presence of pain is usually an in
dicator of weakness from strain rather than from at
rophy. When the length of the strained muscle is not con
strained by its joint attachments, it is elongated in the 
resting position, such as a dropped or forward shoulder 
with a strain of the trapezius muscle. Strained muscles 
need to be rested at the ideal resting length to decrease 
the elongation of the muscle cells. The strained muscle 
can be supported by external support such as tape, 
preferably a type that has a strong adhesive and lacks 
elasticity. Exercises and active motions should be pain 
free or cause only mild discomfort. 

The same principles used to manage atrophied 
muscles are applied to strained muscles, once the 
muscle is no longer painful. 

Increased Muscle Strength Caused 
by Hypertrophy 
Studies have shown that when a muscle is subjected to 
overload conditions, the response is the addition of con
tractile and connective tissue proteins. The value of 
hypertrophy in increasing the tension-generating capa
bility of muscle is well known and frequently used by 
those involved in rehabilitation and athletics. Less ap
preciated is the effect of hypertrophy on the passive-
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tension properties of muscle and other connective 
tissue. Many tissues respond to stress by adapting (see 
Figure 2-11), which for muscle is hypertrophy. The quan
tity of connective tissue proteins of ligaments, tendons, 
and muscle also increases with hypertrophy. Tendons 
and ligaments become stronger and stiffer when sub
jected to stress, but they grow weaker when they are not 
subjected to stress.64,67,72 The result is an increase in the 
passive tension of these tissues, not just the active ten
sion that is generated by muscle during contraction. 
(The cellular factors are described in the section on 
muscle stiffness in this chapter.) 

The use of strengthening exercises that are based 
on requiring muscle to lift maximal loads is well known 
to physical therapists. Strengthening exercises not only 
increase the tension-generating capacity of the muscle, 
but they also increase the stiffness ofthe muscle and the 
stability of the joints. Hypertrophy is important in im
proving muscle control under both active and passive 
conditions. 

Muscle Length 
A muscle can become lengthened by one of the following 
three mechanisms: 

1. Prolonged elongated position. Muscle may 
remain in an elongated position during a pro
longed period (hours or days) of rest or inactivity 
(e.g., elongation of the ankle dorsiflexors by the 
tension of bed covers during bed rest). This condi
tion is similar to over-stretch weakness and a mild 
form of strain that does not involve eccentric con
traction under load as described by Kendall. 32 

2. Injurious strain. Muscle may be subjected to 
injurious strain, which is the disruption of the 
cross bridges, usually in response to a forceful 
eccentric contraction. The muscle may then be 
subjected to continuous tension. 

3. Sustained stretching. Muscle may respond to 
sustained (many days to weeks) stretching during 
immobilization in a lengthened position with the 
addition of sarcomeres in series. 71 

Over-Stretch Weakness 
Muscles become weak when they maintain a lengthened 
position, particularly when the stretch occurs during 
periods of prolonged rest. A common example is the de
velopment of elongated dorsiflexor and shortened 
plantar flexor muscles in the patient for whom bed rest 
is prescribed or in the individual who remains supine for 
a prolonged period without the use of a footboard. This 
problem is exaggerated when the sheet exerts a down
ward pull on the feet, causing an additional force into 
plantar flexion and a consequent lengthening of the dor
siflexor muscles. 
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Another example is the prolonged stretch of the 
posterior gluteus medius that occurs while sleeping. 
This condition is seen particularly in the woman with a 
broad pelvis who regularly sleeps on her side with her 
uppermost leg positioned in adduction, flexion, and me
dial rotation. During manual muscle testing, this patient 
is unable to maintain the hip in abduction, extension, 
and lateral rotation-the testing position-or at any 
point in the range, as the resistance is continually ap
plied by the examiner. The resultant lengthening of the 
muscle can produce postural hip adduction or an ap
parent leg length discrepancy when the patient stands. 

Another example of prolonged stretch occurs when 
an individual sleeps in a side-lying position with the 
lower shoulder pushing forward, causing the scapula to 
abduct and tilt forward. This prolonged position 
stretches the lower trapezius muscle and possibly the 
rhomboid muscles. In the side-lying position, the top 
shoulder is susceptible to problematic stretching when 
the arm is heavy and the thorax is large, causing the arm 
to pull the scapula into the abducted, forward position. 
This sleeping position can also cause the humeral head 
in the glenoid to move into a forward position. 

There are several characteristics of muscles with 
over-stretch weakness: 

1. Postural alignment that is controlled by the mus
cle indicates that the muscle is longer than ideal, 
as in depressed shoulders or in a postural align
ment of the hip of adduction and medial rotation. 

2. Muscle tests weak throughout its range of motion 
and not only in the shortened muscle test position. 

Case Presentation 1 
History. 20-year-old female college student has de

veloped back pain that is partially attributable to 
working as a waitress. Radiologic studies indicate she 
has a C-curve of her lumbar spine with a right convexity. 
Her left iliac crest is 1 inch higher than her right, and she 
stands with a marked anterior pelvic tilt. 

Symptoms. The patient complains that her slacks 
are not fitting correctly. Although she is slender, the pa
tient has a very broad pelvis. She sleeps on her right side 
with her left leg positioned in hip flexion, adduction, and 
medial rotation. 

Muscle Length and Strength. Muscle length testing 
indicates a shortened left TFL. Manual muscle testing 
indicates that the posterior portion of her left gluteus 
medius muscle is weak, grading 3+/5. Her external 
oblique abdominal muscles also test weak, grading 
3+/5. In the side-lying position, her left hip adducts 25 
degrees and rotates medially to the extent that the 
patella faces the plinth. A home exercise program that 
emphasizes strengthening her posterior gluteus 
medius muscle in the shortened position is prescribed. 

In the supine position with her hips and knees flexed, 
she performs isometric contraction of her external 
oblique abdominal muscles while maintaining a neutral 
tilt of her pelvis. She then extends one lower extremity 
at a time. The position for hip flexor length testing is 
used to stretch the TFL. She also performs knee flexion 
and hip lateral rotation in the prone position. She is in
structed to stand with her hips level and to contract her 
external oblique abdominal and gluteal muscles. She is 
also asked to use a body pillow to support her left leg 
while sleeping to prevent the adduction and medial ro
tation of her left hip when lying on her right side. 

Outcome. On her second visit 3 weeks later, the pa
tient's symptoms have greatly improved to only an oc
casional incident of discomfort. Her iliac crests are 
level, and her spinal lateral curvature is no longer clin
ically evident. The anterior pelvic tilt has resolved. She 
states she no longer has back pain. 

8 nical relevance 
This case demonstrates that when the diagnosis is 
over-stretch weakness, an exercise program that 
strengthens the muscle and alleviates the stretch can 
correct alignment and eliminate symptoms. The 
sleeping positions combined with a patient's struc
tural characteristics can cause over-stretch weak
ness. A similar mechanism can also contribute to 
over-stretch weakness ofthe upper trapezius muscle. 
This condition can progress to painful muscle strain 
if not corrected immediately after the onset of the 
length change. A prolonged passive stretch exerted 
on a muscle, particularly under rest conditions, can 
be the precipitating factor in the development of this 
condition. The key factors that identify over-stretch 
weakness are: (1) weakness of the muscle that is ev
ident throughout the range of motion, and (2) in
creased resting muscle length that is greater than its 
ideal anatomic length and is usually evident in the 
postural alignment examination. 

Increased Muscle Length Secondary to Strain 
Strain is discussed because of the importance of differ
entiating whether the cause of muscle pain is muscle 
shortness or excessive muscle length. A common ap
proach to the treatment of painful muscles, particularly 
those of the shoulder girdle, is applying a cold spray and 
stretching the muscle.6o Pain is attributed to spasm in 
the shortened muscle,60 but often the actual length of the 
muscle is not assessed before applying stretching tech
niques. Lengthened muscles can also become painful 
and should not be stretched. For example, when a 
muscle is subjected to injurious tension by lifting a heavy 
object, it can become strained. If the muscle remains 
under continuous tension, it will become elongated and 



painful. When the postural alignment examination indi
cates a muscle is elongated, then strain, rather than 
shortness, is considered the likely cause of pain. 

Strain is a minor form of a tear in which the fila
ments of the muscle have been stretched or stressed be
yond their physiologic limit resulting in disruption of 
the Z-lines to which the actin filaments attach (Figure 
2-13). Disruptions that alter the alignment of the my
ofilaments interfere with the tension-generating ability 
of these contractile elements.35 The consequence is mus
cular weakness and, in many cases, pain when the 
muscle is palpated or when resistance is applied during 
contraction of the muscle. 

If a muscle is strained, the reparative process oc
curs more readily when the muscle is not subjected to 
strong resistance or to constant tension. For most mus
cles the anatomic limits imposed by joints to which the 
muscles attach help maintain the fibers at their appro
priate resting length. Postural muscles of the shoulder 
and hip can become excessively stretched. For ex
ample, if the upper trapezius muscle is strained, weight 
of the shoulder girdle is excessive for the muscle, the 
shoulder's pull on the muscle causes it to elongate, and 
the muscle is unable to heal. Frequently, strained mus
cles are painful because they are actually under con
tinuous tension, even when they appear to be at rest. 
The discomfort is often reduced when the muscle is 
supported at its normal resting length, the passive ten
sion is reduced, and the patient is instructed to relax the 
muscle, thereby eliminating any voluntary or involun
tary contractile activity. As long as the patient avoids 
excessive loads on the muscle, it should heal within 3 
to 4 weeks. 

The typical findings with manual muscle testing of 
a strained muscle is its inability to support the tested ex
tremity against gravity when positioned at the end of its 
range. Further, the muscle is unable to maintain its ten
sion at any point in the range when resistance is applied 
throughout the range, and pain is elicited. Clearly the 
tension-generating capacity of the muscle is impaired. 
If the strain is severe, the motion of the joint upon which 
the muscle is acting will also show quality of movement 
and range-of-motion impairment. 

Case Presentation 2 
History. A 32-year-old woman, whose job requires 

her to load food trays on a conveyor belt at shoulder 
height, has a sudden and severe onset of pain between 
the vertebral border of the right scapula and thoracic 
spine. The pain began after she attempted to lift a filing 
cabinet at work. She is seen immediately by a physician 
who refers her to a physical therapist, prescribing heat 
to the affected area and shoulder exercises three times 
a week. After 1 week, the patient returns to light duty at 
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Micrograph showing normal striation pattern and Z-disks perpendicular 
to the long myofibrillar axis (A) and various disrupted regions (BJ. 
Streaming and smearing of the X-disk material (arrowheads) and exten
sion of the Z-disks into adjacent A-bands (circled areas) are shown. 
(From Lieber RL, Friden JO, McKee-Wood bum TG: Muscle damage 
induced by eccentric contractions of twenty-five percent strain, J App/ 
Physio/70 :2498, 1991'> 

work, but 6 weeks later she still complains of severe 
pain and she is unable to return to her normal job. A 
magnetic resonance image of her thoracic spine does not 
indicate an abnormality. 

Symptoms. She is referred to a second physical 
therapy clinic. During her initial visit the patient is ob
served to be approximately 60 pounds overweight, with 
large arms and breasts and deep indentations on the 
tops of her shoulders from the pressure of her bra 
straps. Her facial expression and the marmer in which 
she holds her right arm close to her body with her elbow 
flexed indicate that she is still in pain. She rates her pain 
as 6 to 8 on a scale of 10 when attempting any type of 
shoulder motion and 4 to 5 out of 10 with her arm at 
rest. (The 10 rating is the most severe.) 
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Muscle Length and Strength. An examination indi
cates that the right scapula is greatly abducted and tilted 
anteriorly (Figure 2-14, A). Her scapula is manually po
sitioned in the correct alignment, and her arm and 
forearm are supported by the physical therapist. After 
she is instructed to relax the musculature of her right 
shoulder girdle, she reports her pain has subsided 
(Figure 2-14, B). A manual muscle test indicates the 
strength of all components of her trapezius muscle as 
weak, graded 3- /5. Weakness and pain limit her ability 
to move through the normal range of motion even in a 
gravity-lessened position. 

Tape (Leukotape P with cover roll underwrap) is 
applied to the posterior aspect of the right shoulder 
girdle to support and maintain the scapula in a neutral 
position and to reduce some of the strain on the 
trapezius muscle by decreasing the abduction and de
pression of the scapula. The case report written by Host 
demonstrates that scapular position can be altered by 
the application of tape to the posterior shoulder girdle. 28 

Her bra straps are taped together, bringing them 
closer to her neck to reduce the downward pull on the 
lateral aspect of her shoulders. She is also instructed 
to support her arms on pillows whenever she sits and 
to support her right arm with her left arm to reduce the 
downward pull on her shoulder girdle whenever she 
stands. All shoulder exercises are eliminated for the 
next 5 days (Figure 2-14, C). 

Outcome. On her second visit 4 days later, the pa
tient reports a significant decrease in pain. She has kept 
her shoulder taped for 2 days. Her skin does not show 
signs of irritation, and she indicates that the extra sup
port has eliminated her pain at rest. As a result, the tape 
was reapplied. On her third visit 1 week later, the patient 
no longer complains of pain at rest, and she can perform 
160 degrees of shoulder flexion without pain in the 
gravity-lessened side-lying position with her arm sup
ported on pillows. In this position the scapula rotates 
upwardly and adducts during shoulder flexion, in con
trast to the limited scapular motion observed during the 
same movement performed in the standing position. 
Her shoulder girdle is taped to support the scapula in 
the neutral position relative to abduction or adduction, 
elevation or depression, and rotation. The tape remains 
in place for 2 additional days. She has been taped three 
times over a 2-week period. 

She continues to support her arm passively to re
duce the downward pull on her shoulder while sitting 
and standing. The gradual progression of her exercise 
program is as follows: 

1. Gravity-lessened side-lying shoulder flexion 
2. Shoulder flexion facing a wall with her elbow 

flexed and hand gliding up the wall 
3. Shoulder flexion with the elbow extended 

Strain of right thoracoscapular muscles. A Right scapula was 
abducted and tilted anteriorly. B, Right shoulder was passively supported 
in the correct alignment to alleviate the strain on the scapular adductor 
muscles. When the patient relaxed the muscles, her pain was alleviated. 
C; Bra straps were taped together to bring the straps closer to the neck 
and to reduce downward pull on the lateral aspect of the shoulder. 



4. Shoulder flexion and abduction while lifting light 
weights 
Eight visits during 6 weeks after her initial visit to 

the second department, she is able to lift a 30-pound tray 
to shoulder level and has returned to full duty on her job. 

8 nical relevance 
The patient with a painful condition of the shoulder 
girdle should be examined for postural indicators of 
excessive muscle length. The patient with depressed 
shoulders could be at risk for muscle strain. Muscle 
spasms and pain can be present when the muscle is 
long and strained, not only when the muscle is short. 
Therefore stretching is not always the optimal inter
vention to alleviate muscle spasm or pain. Stretching 
and placing excessive force demands on the muscle 
is contraindicated if it is strained. When strain is sug
gested, a useful assessment method is supporting the 
muscle passively in a shortened position and noting 
the effect on the symptoms. If eliminating the stretch 
imposed on the muscle reduces the symptoms, the 
tentative diagnosis of strain is supported. 

Observations of the movement characteristics of 
the shoulder girdle are also indicators of whether the 
affected muscle is producing the correct movement 
of the segments it controls. Manual muscle testing of 
both an atrophied and strained muscle will demon
strate weakness throughout the range, but strained 
muscles are also usually painful to palpation and 
when contracted maximally. The length of the 
muscle and the presence of pain are guides as to 
whether the muscle is merely weak from atrophy or 
weak from strain. 

Management of muscle strain requires some form 
of muscular support to alleviate the strain and ten
sion and facilitate the healing process before begin
ning a slowly progressive exercise program. The load 
on the muscle should be reduced while the muscle is 
weak to allow the affected muscle to move correctly 
the joint segments to which it is attached. The load is 
then progressively increased as the muscle strength 
improves and the correct movement of the joint seg
ment is achieved. 

Lengthened Muscle Secondary to Anatomic 
Adaptation-the Addition of Sarcomeres 
Numerous investigators have demonstrated that when 
a muscle is maintained in a position of elongation (usu
ally by casting), additional sarcomeres are added in 
series within the muscle cell. A study by Williams and 
Goldspink6o,72 demonstrates that when such adaptation 
of the anatomic length occurs, the muscle's length ten
sion curve is shifted to the right because of the addi
tion of sarcomeres in series. 71 However, with both mus-
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cles in the same shortened position, the control muscle 
develops greater tension than the lengthened muscle 
(Figure 2-15). 

When both the lengthened and control muscles are 
tested in the same shortened position, the difference in 
tension between the two (active-insufficiency) can be 
explained by the existence of greater overlap of actin 
and myosin filaments in the lengthened muscle. The 
muscle that generates the greatest tension at its longest 
length generates the least tension when tested at a 
shortened length. When the lengthened muscle (in
creased number of sarcomeres in series) is placed in a 
shortened position, the myofilaments in each sar
comere are excessively overlapped (Figure 2-16, posi
tion A) and thus cannot develop maximal tension. Al
though such anatomic adaptations have not been 
histologically demonstrated in human beings, a study 
comparing right and left hip abductor muscle strength 
at various muscle lengths supports this interpretation 
of the hypothesis of length-associated changes.46 

Typically, the result of manual muscle testing of a 
lengthened (sarcomeres added in series) muscle indi
cates that it cannot support the joint segment in the 
shortened test position. The muscle can, however, tol
erate strong pressure after it is allowed to lengthen 
slightly (a change of 10 to 15 degrees in a joint angle). 
A clinical example is seen in the individual with a ha
bitual posture of adducted scapulae. Manual muscle 
testing of the serratus anterior muscle with the ad-
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Anatomic musde length adaptation. Lengthened muscle develops 
greater peak tension at a longer length. The same muscle in a shortened 
position develops less tension than the control muscle in a normal posi
tion. (Modified from Gossman, Sahrmann SA, Rose SJ: Review of length
associated changes in muscle. Experimental evidence and clinical implica
tions, Phys Ther 62(12): 1 799, 1982'> 
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The length-tension relationship. The maximal strength that a muscle can develop is directly related to 
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Patton KT: Anatomy 8. physiology, 4e, 5t Louis, 1999, Mosby'> 

ducted scapula (Figure 2-17) (a lengthened serratus an
terior muscle) indicates the muscle is strong. However, 
when the scapula is abducted and upwardly rotated to 
its appropriate muscle testing position (a shortened ser
ratus anterior muscle), the serratus anterior muscle is 
too weak to hold the scapula in its correct position. 

Case Presentation 3 
History. A 50-year-old male swimmer has been ex

periencing right shoulder pain in the anterolateral as
pect. His physician has diagnosed his condition as an 
impingement syndrome. The exercise program that 
has been suggested by his swimming coach consists 
of scapular adduction, shoulder extension, and 
shoulder rotation exercises. In the resting position his 
scapulae are adducted with the vertebral borders of 
each scapula measuring 21f4 inches from the vertebral 
spine. (Approximately 3 inches is considered normal.) 
The muscle definition of the rhomboid muscles is 
more prominent than that of the other thoraco
scapular muscles. 

Symptoms. Right shoulder flexion range measures 
170 degrees and is associated with pain at the acromion 
from 150 to 160 degrees of flexion. Scapular abduction 
and upward rotation is decreased during shoulder 
flexion. At the completion of flexion, the inferior angle 
of the scapula is still on the posterior aspect of the 
thorax and has not abducted and upwardly rotated 
enough to reach the midaxillary line. When the scapula 
is passively abducted and upwardly rotated by the ther
apist during active shoulder flexion, full range of motion 
is achieved and the patient does not experience pain. 

Muscle Length and Strength. Muscle testing of the 
serratus anterior muscle indicates that in the abducted 
position, passively positioned by the physical therapist 
before instructing the patient to "hold," the muscle 
does not support the extremity against gravity in the 
test position. After the scapula is allowed to adduct 
slightly, the patient can hold the test position and tol
erate maximum resistance. 

Outcomes. The therapeutic exercise program de
signed for this patient teaches him to abduct and up-
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A This subject has routinely performed both bench presses and shoulder adduction exercises with heavy 
weights, including seated rowing and bent over rowing. The rhomboid muscles have become over
developed. B, The abnormal position of scapular adduction is indicative of a lengthened serratus anterior. 
C, In a prone position and resting on the forearms, there is winging of the scapulae. The serratus is unable 
to hold the scapula against the thorax. D, When the shoulder is flexed to position the scapula for the serra
tus test, the scapula does not move to the normal position of abduction. However, the serratus tests strong 
in this position. E, The scapula is brought forward to the normal position of abduction by the examiner. 
F, The serratus anterior cannot hold the scapula abducted and upwardly rotated when the examiner releases 
the arm and the subject attempts to hold it in position. (From Kendall FP, McCreary EK, Provance PG: 
Muscles: testing and function, 4e, 1993, Williams 8. Wilkins.> 

wardly rotate his right scapula in the gravity-lessened 
prone and side-lying positions, while avoiding maximal 
glenohumeral joint ranges of 150 to 160 degrees until 
the pattern of correct scapular motion is established. 
The goal is to have the scapula abduct and upwardly ro
tate so that the inferior angle of the scapula reaches the 
midaxillary line by the end of the range-of-shoulder 
flexion. Within 3 weeks of initiating his therapeutic ex
ercise program, the patient no longer experiences 
shoulder pain; he has full range-of-shoulder motion and 
has resumed his swimming. 

@ical relevance 
Many postural changes are associated with increased 
muscle length. When the length has been acquired by 
the addition of sarcomeres, as suggested by animal 
studies, the muscle can generate as much if not more 
tension than a normal length muscle when con-

tracting at its longer resting length. Manual muscle 
testing of individuals with postural impairments, such 
as forward shoulders or unilateral hip adduction (ap
parent leg-length discrepancy), indicates that many 
of these individuals cannot maintain the test position 
when maximum resistance is applied. However, when 
the joint position is changed 10 to 15 degrees to allow 
the muscle to elongate, maximum resistance can be 
applied and the muscle can maintain the test position. 

This clinical finding suggests that such a muscle is 
not weak because of compromised contractile ca
pacity, but it has undergone a maladaptive length 
change. Because the lengthened muscle is associated 
with joint malalignment evident in postural changes 
such as forward shoulders or postural hip adduction, 
correction is indicated. Even more importantly, the 
change in the length of the muscle also changes the 
movement of the joint controlled by the muscle. 
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The strategy for correction is to improve the 
muscle's performance at a shorter more normal 
length. To achieve this outcome the patient must 
work the muscle at a shorter length; to do so, the load 
imposed on the muscle must be reduced. For ex
ample, the patient may need to perform hip abduc
tion in the side-lying position with his knee flexed to 
reduce the length of the lever that he will be lifting. 
For the same reason, shoulder flexion in the standing 
position may need to be performed with the elbows 
flexed to reduce the length of the lever that is being 
moved. Because the muscle is not injured or atro
phied, special protective measures are unnecessary. 

The goals of the treatment are to (1) change the 
resting length of the muscle, correcting the alignment 
of the segment to which it attaches, and (2) im
prove the control of the muscle and by its action en
able the affected joints to move through their optimal 
range. When the lower and middle trapezius muscles 
are elongated and the scapula does not adduct during 
the last phase of shoulder flexion, correction of this 
action is an important part of the program. 

Because length-adapted muscles can be strong, in
creasing the contractile capacity ofthe muscle is not 
the focus or an effective intervention. The focus is 
restoring ideal muscle length, because it is a neces
sary component of optimal control ofthe PICR, of op
timal kinematics during movement, and thus of pre
venting or correcting musculoskeletal pain. 

Shortened Muscle Caused by Anatomic 
Adaptation-the Loss of Sarcomeres 
Stretching muscles is a common intervention performed 
by physical therapists because limited joint motion is a 
factor in musculoskeletal pain problems. Numerous ar
ticles have been written describing the best methods of 
stretching muscles. The muscles used most often in 
these studies are the hamstrings. Questions of clinical 
importance that concern muscle shortness include: 

1. How much shortness of a muscle is necessary to 
affect joint and movement behavior? 

2. Under what conditions of performance is short
ness a factor? 

3. What is the anatomic source of the shortness? In 
other words, is 10 degrees30 of shortness in the 
hamstring muscles clinically important? What 
components of the muscle are producing this 
limitation? 
Most clinicians agree that 45 degrees of shortness 

in the hamstrings is clinically important. However, 
changes in muscle length to this extent must involve 
different anatomic structures than changes from 5 to 
10 degrees of a muscle whose effective excursion is 170 
degrees. (This calculation is based on the shortest 

length of the muscle, the knee flexed with the hip ex
tended to the longest length ofthe muscle, and the knee 
extended and the hip flexed to 80 degrees.) Certainly 
most individuals do not need the maximal excursion of 
the hamstring muscles for their daily or sporting activ
ities; as a result, a deficit of 10 degrees of hamstring 
muscle excursion is relatively inconsequential. 

In contrast, 10 degrees of shortness of the iliopsoas 
muscle can have an important consequence. Ten degrees 
of shortness of the iliopsoas muscle prevents hip exten
sion beyond the neutral position. Because hip extension 
is a required component of normal gait, such a limitation 
can contribute to a musculoskeletal pain syndrome. The 
most important issue concerning muscle shortness is 
not the degree of loss but the percentage of loss of 
overall muscle excursion and the consequences of such 
losses on joint behavior during functional activities. 

Studies have reported a rapid (i.e. , 2- to 4-week 
time frame) loss of sarcomeres, primarily in series, in 
muscles immobilized in shortened positions.60,62,71,72 

With the loss of sarcomeres, the active length-tension 
curve of the shortened muscle shifts to the left of the 
normal length muscle (see Figure 2-15). When a muscle 
has shortened to the extent that the total number of sar
comeres in series in a fiber is reduced, physiologic cor
rection requires that the sarcomere number be in
creased. Furthermore, because muscle cells are the 
most elastic components of muscle, they are the com
ponent most easily affected by stretching. 

Performing vigorous passive muscle stretching ex
ercises with the intent of achieving a great improvement 
in joint range of motion in a short period (e.g., 15 to 20 
minutes) can disrupt the alignment of the filaments, ac
tually damaging the muscle. Stretching a markedly 
shortened muscle should be achieved by prolonged 
elongation with low loads, with immobilization by 
casting the joint so that the muscle is maintained in a 
lengthened position or by using the dynamic splint. The 
percentage of overall change in muscle length that will 
result in a loss of sarcomeres has not yet been deter
mined, as opposed to the loss of range of motion asso
ciated with changes in muscle length from other alter
ations in the series or parallel elastic components. Less 
than 100Al to 15% of muscle shortness of its overall ex
cursion is caused by short-time-dependent changes in 
muscle tissues (e.g., creep properties); thus length in
creases are achieved relatively rapidly. In contrast, 
muscle length changes of greater magnitude are caused 
by more permanent structural changes in muscle and 
support tissues with an actual loss of sarcomeres and 
perhaps a "laying down" of shorter collagen fibers. When 
length adaptations are the result of structural changes, 
different methods of intervention with a longer time 
course are required. 



In many situations, individuals believe their mus
cles need stretching, not because their joint range of 
motion is limited but because the muscle cannot be 
rapidly passively elongated. The individual describes a 
"stiff' or "tight" feeling. Usually this tightness is not a 
function of overall muscle excursion; more likely it is a 
function of muscle stiffness. 

The plasticity or mutability characteristic of mus
cles-adding or losing sarcomeres-has significant clin
ical implications. A physiologic stimulus for muscle 
length adaptation is the amount of passive tension ap
plied to the muscle for a prolonged period. When the ten
sion exceeds a certain level, the number of sarcomeres 
is increased. When the tension falls below a certain level, 
the number of sarcomeres is decreased. The adaptation 
in the number of sarcomeres is necessary to maintain 
the relationship of the overlap between the actin and 
myosin filaments (see Figure 2-16). Anatomic and kine
siologic relationships suggest that for most joint seg
ments, antagonistic muscles become elongated when 
muscles around the joint become shortened. 

Traditionally, emphasis is placed on stretching 
muscles that have shortened, but equal emphasis has 
not been placed on correcting muscles that have length
ened. The lengthened muscle does not automatically 
adapt to a shorter length when its antagonist is 
stretched for brief periods. A therapeutic exercise pro
gram that stretches the short muscle, such as the ham
string muscles, does not concurrently shorten the 
lengthened muscle, such as the lumbar back extensors. 

The most effective intervention is to shorten the 
elongated muscle while simultaneously stretching the 
shortened muscle. This approach is especially important 
when the lengthened muscle controls the joint that be
comes a site of compensatory motion as a result of the 
limited motion caused by short muscles. For example, 
during forward bending ofthe trunk, lumbar flexion can 
be a compensatory motion for limited hip flexion when 
the hamstring muscles are short. The most effective in
tervention is to address the length changes of all the mus
cles around a joint, not only the shortened muscle. 
Therefore if the lumbar spine flexes excessively (greater 
than 20 degrees), the back extensor muscles should be 
shortened along with stretching the hamstring muscles. 

An effective method for correcting anatomic length 
adaptation is to contract the lengthened muscle while it 
is in a shortened position and to simultaneously stretch 
the shortened muscle. The therapeutic exercises that ad
dress both problems of the last example are (1) actively 
extend the knee while sitting to stretch the hamstring 
muscles, and concurrently (2) actively contract the back 
extensor muscles to maintain slight back extension and 
shorten the back extensor muscles. The hamstring mus
cles are considered markedly short when they lack 40 
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degrees of full range-of-active knee extension. A patient 
with this condition is instructed to sit erect while main
taining a slight contraction of the back extensor muscles 
with the heel resting on a footstool and the knee ex
tended enough to place a slight but continuous stretch 
on the hamstrings. This position is maintained for as long 
as possible, preferably 20 to 30 minutes, and repeated at 
least six times throughout the day. The goals of these 
therapeutic exercises are to (1) shorten the elongated 
back extensor muscles, (2) stretch the shortened ham
string muscles, and (3) prevent compensatory lumbar 
flexion, which contributes to the lengthening of the back 
extensors. The presence of compensatory motion can 
interfere with maintaining the length of the hamstring 
muscles. 

Case Presentation 4 
History. A 34-year-old male distance runner who av

erages 50 to 60 miles per week is referred to physical 
therapy for treatment of low back pain. He works as a 
salesman, which requires that he spend most of his day 
driving to meet various clients. His low back pain has in
creased during the day, but he does not have pain when 
running. 

Symptoms. The examination indicates a flat lumbar 
spine in standing. During forward bending, marked 
lumbar flexion is observed, during which the end range 
of lumbar flexion is 30 degrees and the end range of hip 
flexion is 65 degrees. His hamstring muscles are short, 
supported by the finding that his hips flex only 60 de
grees during straight-leg raising. When driving, he sits 
with his lumbar spine in a flexed position. He drives with 
his car seat pushed as far back as possible, which re
quires maximum knee extension. Because of the short
ness of his hamstring muscles, his hip flexion is only 65 
degrees and thus his lumbar spine is forced into a flexed 
position. 

Muscle Length and Strength. The patient is in
structed in a program of hamstring muscle stretching 
that requires him to sit in a straight-back chair with his 
hips positioned at 90 degrees and his heel placed on a 
foot stool that places a slight but continuous stretch on 
his hamstring muscles. He is asked to maintain this po
sition for as long as possible. He is also instructed to per
form isometric back extension by pushing his thoracic 
spine against the chair back for ten repetitions at least 
five to six times a day while actively extending his knee. 
The patient is also instructed to move his car seat for
ward so that he does not have to maximally extend his 
knee, allowing him to sit with his hips at a 90-degree 
angle. 

Outcome. His back pain subsides as soon as he 
avoids the position of lumbar flexion. Over a period of 
4 weeks the range of his straight-leg raise improves 10 
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degrees, and during standing forward bending he no 
longer demonstrates excessive lumbar flexion. The pa
tient has learned to limit his lumbar motion to the point 
of reversing the lumbar curve but not allowing his 
lumbar spine to go into excessive flexion. 

8nical relevance 

Several factors must be considered when deter
mining the clinical importance and the management 
of muscle shortness. The physical therapist must ad
dress the following questions: 
1. Does the muscle shortness actually affect the 

range of motion of the joint that is used during 
functional or sporting activities? 

2. Which anatomic structures are involved in the 
change (Le., a loss of sarcomeres, the short time
dependent deformation, an elongation of series 
elastic elements)? 

3. Is the patient's pain the result of the effect of a 
shortened or lengthened muscle? 

4. Is it the actual degree of muscle excursion or the 
rate of excursion that causes the patient to feel a 
tightness? 
Often shortened muscles that limit the excursion 

of ajoint are associated with the development of ex
cessive motion at another joint. Simultaneously 
restoring the ideal length to the lengthened muscles 
that cross the joint with excessive motion and the 
shortened muscles that cross the joint with limited 
motion are both necessary for the most effective 
outcome. 

Dissociated Length Changes 
in Synergistic Muscles 
Traditionally, synergistic muscles that perform a spe
cific joint motion are thought to undergo similar struc
tural changes in length, but careful testing often indi
cates that this is not necessarily the case. For example, 
not all the hip flexors are shortened when there is a lim
itation of hip extension. Typically, the length of the ham
string muscles is tested as a group by examining the de
gree of hip flexion during the straight-leg raise.32 

However, the different hip flexors and hamstring mus
cles contribute to movements other than flexion or ex
tension. Consequently, one of the muscles can become 
shortened, whereas one of its synergists can retain its 
normal length or become lengthened. The most 
common compensatory movement direction is into ro
tation. In the case of the hip flexors, abduction is also a 
compensatory movement direction. 

When testing hip flexor length, the hip is allowed 
to abduct or rotate medially at the limit of the excursion 
into hip extension, which then permits the hip to extend 

another 10 degrees, the shortened muscle is the TFL, 
not the iliopsoas muscle. In fact, specific testing of hip 
flexor length often indicates that the iliopsoas muscle 
is lengthened when the TFL is shortened. Similarly, 
when testing the length of the hamstring muscles, if care 
is taken to prevent hip medial rotation while in the sit
ting position (the hip joint is flexed to 80 degrees), the 
terminal knee position is 15 degrees of flexion. If the hip 
is allowed to rotate medially and the knee flexion de
creases, it is an indication that the medial hamstring 
muscles, not the lateral hamstring muscles, are short
ened (Figure 2-18). Table 2-1 illustrates examples of 
common length imbalances in synergistic muscles. 

The difference in the length of two synergistic mus
cles is a contributing factor to compensatory motion 
and the development of movement impairment syn
dromes. Most often the compensatory motion is into ro
tation. Care in assessing the muscle length, examining 
the postural alignment, and observing the specific mo
tion of the joints controlled by the muscle are necessary 
to identify the dissociated length change impairments 
of synergistic muscles. 

Muscle and Soft-TIssue Stiffness 
Stiffness, which is defined as the change in tension per 
unit of change in length,59 is discussed because this char
acteristic of muscle and other soft tissues is believed to 
be a major contributor to movement patterns and move
ment impairment syndromes. When passive motion of a 
joint is assessed, all the tissues crossing the joint con
tribute to the resistance, which can be referred to asjoint 

2. - I Length Imbalances in Synergistic Muscles 

MUSCLE MOVEMENT SHORT MUSCLE LONG MUSCLE 

Scapular elevators Levator scapulae Upper trapezius 
and adductors 

Scapular adductors Rhomboids Lower trapezius 

Glenohumeral Pectoralis major Subscapularis 
medial rotators 

Trunk flexors that Rectus abdominis External oblique 
tilt the pelvis in a abdominal 
posterior direction 

Hip flexors TFL Iliopsoas 

Hip abductors TFL Posterior gluteus 
medius 

Hip extensors and Medial hamstrings Lateral hamstrings 
knee flexors 

Ankle dorsiflexors Extensor digitorum Tibialis anterior 
longus 

TFL, Tensor fascia lata . 



A 

B 
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A Sitting position with a resting alignment of hip medial rotation. 
B, During knee extension, the degree of hip medial rotation increases. 
C Laterally rotated hip and decreased knee extension. 

concepto anD PYincipfeo of Movement 
CHAPTER Two 

stiffness. When the range of motion of a joint is limited, 
it is also described as stiff. In this text, limited range of 
motion is not considered as a problem of stiffness. 

Another concept of stiffness is the tension devel
oped by a combination of active contraction and passive 
resistance. A variety of studies6,8,22,69 have examined 
stiffness under both passive and active conditions. 
Under active conditions, stiffness refers to the total ten
sion developed when muscles are stretched when ac
tively contracting. For the purposes of this text, stiffness 
refers to the resistance present during the passive elon
gation of muscle and connective tissue, not during ac
tive muscle contraction or at the end of the range ofmo
tion. Stiffness, as discussed in this text, is primarily 
attributed to muscle, because the assessment is made 
during examinations of muscle length. 

Stiffness is a characteristic of muscles, and mus
cles have been described as having properties that are 
similar to springs.6,11,69 Thus the resistance that is felt 
when a muscle is passively elongated can be considered 
analogous to the resistance associated with elongating 
a spring (Figure 2-19). Components of muscle, which 
have been identified as contributing to the resistance to 
stretching, are the extracellular and intracellular series 
elastic structures. The current information suggests 
that the primary contributor to intracellular resistance 
to passive stretching is titin, a large connective tissue 
protein34,68 (Figure 2-20). To a lesser extent, the weak 
binding of the cross bridges of the myosin filaments con
tribute to intracellular resistance. 54 There are six titin 
proteins for each myosin filament. Therefore increasing 
the number of myosin filaments affects the stiffness of 
the muscle because of the concomitant increase in the 
number of titin proteins. 

Another contribution to muscle stiffness is 
thixotropy, which is the property of a substance that, 
when static for a period of time, becomes stiff and re
sists flow. It is defined as the property of various gels 
that become fluid when disturbed (Le., by shaking).42 
Thixotropy is attributed to weak binding of the cross 
bridges, and it is considered a source of resistance to 
passive stretching but a minor contributor to the total 
passive resistance. 

Hypertrophy is known to increase the number of 
contractile proteins and connective tissue proteins.4 

The increase in these proteins suggests a concurrent 
increase in the stiffness of the muscle because of both 
increased connective tissue proteins, such as titin, and 
increased contractile elements. Chleboun and col
leagues have shown that the cross-sectional area of 
muscle is correlated with the stiffness of the muscle 
through the range as it is elongated, rather than at the 
end of its range.9 Conversely, atrophy or loss of con-
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Springs illustrating differing levels of stiffness, as would be seen in 
muscles. 

tractile elements decreases the through-the-range stiff
ness because of the reduction in both connective tissue 
proteins and the number of cross bridges. 

Variation in the stiffness of muscles and joints can 
be a factor in the development of compensatory motion 
in contiguous joints and can contribute to muscu
loskeletal pain syndromes. For example, in the sitting 
position when the hamstring muscles are placed on 
stretch, the lumbar spine will flex to a greater range than 
when the hamstring muscles are not stretched as much. 
During forward bending this increased lumbar flexion 
range is not evident. The rate of forward bending is not 
examined in this study.66 Thomas demonstrates that 
during the forward reach test, typically men will bend 
their lumbar spine, whereas women will flex their hips 
during the initial phase.63 Men generally have shorter 
and stiffer hamstring muscles than women. This fact is 
consistent with the hypothesis that flexible tissues 
stretch more readily than less flexible tissues. The pas
sive stiffness of the hamstring muscles is found to be sig
nificantly greater in the patient with low back pain than 
in control subjects.61 The length of the hamstring mus
cles is not found to be significantly different between the 
two groups. These investigators did not suggest a pos
sible explanation for this finding. 

This text hypothesizes that motion occurs earlier at 
the joint with the lesser degree of stiffness, in this case 
the lumbar spine, rather than at the stiffer joint, which 
in this case is the hip joint. This does not mean that the 
range of lumbar spine motion is greater when the ham-
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string muscles are taut. It suggests that motion will occur 
earlier at the more flexible segment in situations where 
motion involves both joints. During forward bending, 
the demands for maximum motion will cause the joint 
to move through its full range of motion. A possible long
term consequence, if this movement pattern is continu
ally repeated, is that the flexibility of the lumbar spine 
will increase, predisposing the spine to move into flexion 
whenever flexion should be occurring at the hip joint. 

When joints with common movement directions 
are in series and one of the joints is more flexible than 
the others, the flexible joint is particularly susceptible 
to movement. When movement occurs at this joint when 
it should remain stable, it is called compensatory rela
tive flexib ili ty, a phenomenon that is discussed later. 
This concept is best understood if the multiple segments 
of the human body are believed to be controlled by a se
ries of springs. The muscles of the body are similar to a 
series of springs of differing extensibility, and the inter
segmental differences in the extensibility of these 
springs contribute to compensatory motions, particu
larly of the spine. 

Compensatory Relative Flexibility 
ClJNICAL OBSERVATIONS. Hypertrophy increases the stiff
ness of muscles through the range of motion.9 Because 
of the intersegmental variations in the springlike be
havior of muscles, a reasonable hypothesis is that in
creased stiffness of one muscle group can cause com
pensatory movement at an adjoining joint that is 
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controlled by muscles or joints with less stiffness. A 
common clinical observation is that when passively 
testing the length of a muscle, movement of a contiguous 
joint occurs long before the muscle is fully elongated. 
The movement of the contiguous joint is a compensatory 
motion. For example, if the lumbar spine is particularly 
flexible in the extension direction and the latissimus 
dorsi muscle is relatively stiffer, the lumbar spine will 
extend when the patient performs shoulder flexion, even 
before reaching the end of the length of the latissimus 
dorsi muscle. 

Under optimal conditions when the therapist pas
sively flexes the knee with the patient lying prone, which 
stretches the rectus femoris muscle, there should not be 
movement of the pelvis and spine except possibly near 
the end of the knee flexion range of 115 to 125 degrees. 
If movement of the pelvis and spine occurs between 45 
and 115 degrees of knee flexion, it may be that segments 
of the spine are more flexible than the rectus femoris 
muscle is extensible. As discussed later, this phe
nomenon does not necessarily mean that the rectus 
femoris muscle is short; but it implies that it is stiffer 
than the support provided to the pelvis and spine and 
therefore the stiffness produces lumbar extension. 

When a patient performs active knee flexion, there 
are automatic stabilizing responses that can affect the 
movement of the pelvis and spine. For example, during 
active knee flexion in the prone position, the contrac
tion of the hamstring muscles will tilt the pelvis poste
riorly. However, to stabilize and limit the movement of 
the pelvis, the hip flexors and back extensor muscles 
should contract. This stabilizing action of the muscles 
can either be excessive or insufficient. (Alterations of 
this stabilization pattern are discussed under the section 
on motor control impairments.) The examples given in 
Figure 2-21 demonstrate different combinations of 
muscle stiffness and length impairments and their role 
in compensatory movements of the pelvis and spine. 

The pelvis and lumbar spine are in the same correct 
alignment in the starting position. During either active 
and passive knee flexions, the following observations 
can be made: 

1. Normal length of the rectus femoris muscle. The 
knee is flexed without lumbopelvic movement. 

2. Short rectus femoris. Without lumbopelvic com
pensation, the knee is flexed without movement 
of the pelvis or lumbar spine, but knee flexion 
stops at 90 degrees, indicating short quadriceps 
muscles. 

3. Stiff and short rectus femoris muscle with lum
bopelvic compensation. The knee is flexed and the 
pelvis tilts anteriorly. The lumbar extension 
increases at 60 degrees of knee flexion, but the 
knee flexes to 135 degrees. When the therapist sta-

bilizes the pelvis, the knee flexion stops at 90 
degrees. 

4. Stiffness, not shortness, of rectus femoris muscle 
with lumbopelvic compensation. The knee is 
flexed and the pelvis is tilted anteriorly. The lum
bar extension increases at 60 degrees of knee flex
ion, but the knee is flexed to 135 degrees. When 
the therapist stabilizes the pelvis, the knee still 
flexes to 135 degrees. 

5. Stiffness of rectus femoris muscle with automat
ic lumbopelvic stabilization. During passive 
motion, but not active knee flexion, the compen
satory lumbar extension motion is observed. 

6. Deficient lumbopelvic counter stabilization. At 
the initiation of knee flexion, the pelvis is tilted 
posteriorly and the lumbar spine slightly reduces 
its curve. 

Exp[anation of FitJure 2-21 

1. Optimal balance of muscle stiffness and joint 
stability. The rectus femoris muscle is stretched 
without compensatory lumbopelvic motion. There
fore the stiffness of the anterior supporting struc
tures of the spine and the passive stiffness of the 
abdominal muscles are greater than or equal to the 
stiffness of the rectus femoris muscle. 

2. Shortness of rectus femoris muscle with counter
balancing stiffness of spinal structures and 
abdominal muscles. Because the knee flexes to 
only 90 degrees, the rectus femoris muscle is short 
and the muscle excursion does not reach the 
expected standard. However, lumbopelvic com
pensatory motion is not evident even though the 
rectus femoris muscle is short. It is not stiffer than 
the anterior supporting structures of the lumbar 
spine and the passive extensibility of the abdomi
nal muscles. 

3. Shortness of rectus femoris muscle with compen
satory lumbopelvic motion (Position 3A). With 
knee flexion, compensatory anterior pelvic tilt and 
lumbar extension occurs, even before the muscle 
reaches the limit of its excursion. The pelvic tilt 
increases as the knee flexion range increases 
(Position 3B). When the pelvis is stabilized, which 
prevents anterior pelvic tilt, the knee flexion is lim
ited to 90 degrees (Position 3C). In contrast to the 
situation in Position 2, the shortness of the rectus 
femoris muscle is associated with compensatory 
anterior pelvic tilt. Thus not only is the rectus 
femoris shortened, but its stiffness is also greater 
than the stiffness of the anterior supporting struc
tures of the lumbar spine and the abdominal mus
cles. An important implication is that when the rec-
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tus femoris muscle is stretched to improve its over
all length, the through-the-range stiffness remains. 
Therefore lmee flexion elicits anterior pelvic tilt as 
long as the rectus femoris muscle is relatively 
stiffer than the structures preventing the anterior 
pelvic tilt or the lumbar extension. This phe
nomenon occurs even though the rectus femoris 
muscle is able to fully elongate. Correcting the 
faulty, compensatory pattern requires increasing 
the stiffness of the abdominal muscles and anterior 
supporting structures of the spine, in addition to 
stretching the rectus femoris muscle. It is possible 
that the compensatory motion occurs only when 
the rectus femoris muscle reaches the end of its 
excursion. At this point the resistance is particular
ly high and thus causes the compensatory motion 
of the pelvis. In this condition, increasing the length 
of the rectus femoris muscle eliminates the motion 
of the pelvis. This condition is not common. 

4. Compensatory motion without muscle shortness. 
The knee flexes to 135 degrees (Position 4), but 
early in the range there is an associated anterior 
pelvic tilt and lumbar extension. When the pelvis 
is stabilized, the lmee still flexes to 135 degrees. 
Clearly the compensatory motion is not associated 
with a short muscle. The most reasonable expla
nation is that the anterior supporting structures of 
the spine and the abdominal muscles are not as 
stiff as the rectus femoris muscle that has normal 
length. The relative degree of through-the-range 
stiffness of the rectus femoris versus the anterior 
trunk muscles and the anterior supporting struc
tures of the spine is the key factor in determining 
the movement pattern and in creating the com
pensatory motion. The compensatory motion 
occurred long before the muscle reached the end 
of its range. Correction requires increasing the 
stiffness of the anterior trunk muscles. 

5. Compensatory motion with passive flexion con
trolled by active muscle contraction. When the 
lmee is passively flexed, the stiffness of the rectus 
femoris muscle is greater than the stiffness of the 
anterior supporting structures of the spine and the 
abdominal muscles, which causes compensatory 
anterior pelvic tilt and lumbar extension (Position 
5A). When the hamstring muscles actively con
tract to flex the lmee, the compensatory motion is 
eliminated (Position 5B). Possible explanations 
are that the posterior pelvic tilt elicited by ham
string contraction is sufficient to counteract the 
stiffness of the rectus femoris. Another explana
tion is that the abdominal muscles contract 
enough to counterbalance the anterior pelvic tilt 
and lumbar extension. 

6. Exaggerated posterior pelvic tilt. In the normal 
joint stabilization pattern, the muscles that 
counteract the effect on joints (which are to 
remain stable) contract before the prime mover 
(Position 6). If they fail to do so or do not generate 
enough tension, the pelvis will posteriorly tilt. 
(Impairments in this control are discussed in the 
section on modulator elements.) 

O ical relevance 
In the first five responses during lmee flexion in the 
prone position, the pattern of motion can be ex
plained best by the concept of the relative flexibility 
of structures, particularly when the lmee flexion is 
performed passively by the examiner. This is true 
whether the pattern of motion is limited to one seg
ment or associated with compensatory motions at 
other segments. The important implication is that 
correction of impaired movement patterns requires 
increasing the stiffness of the segments that demon
strates compensatory motion. The problem is not the 
lack oflength of the muscle being stretched by the de
sired motion; rather, the problem is the relative stiff
ness of the muscle being stretched as compared with 
the stiffness of the muscles or supporting tissues at 
the site of the compensatory motion. 

Teaching patients to perform the motion correctly 
in the test position is an effective way to reverse this 
compensatory pattern. The important issue is whether 
the subject can contract the abdominal muscles to pre
vent the compensatory motion. Exercise in the test 
position, such as lmee flexion in the prone position 
while contracting the abdominal muscles, ensures 
that the motion is restricted to the segment that is sup
posed to move. The prescribed abdominal exercises 
require performance at the length necessary to pre
vent the compensatory motion. An abdominal muscle 
exercise program, such as the trunk curl sit-up or 
lower abdominal exercises (see Chapter 7), does not 
address the more critical factor, which is controlling 
the pelvis to prevent the compensatory motion. 

An issue that has not been thoroughly studied is 
whether strengthening a muscle under one set of con
ditions automatically implies that its participation will 
generalize to other activities performed in different 
positions. This text proposes that training is relatively 
specific, and improving the contractile ability of a 
muscle does not ensure that its participation will be
come generalized to other activities. Therefore the de
sired muscle action should be practiced under the spe
cific conditions in which it is to be used. When joints 
are arranged in series and they are the sites of com
pensatory movement, effective treatment requires si
multaneous control of all the affected segments. 
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pelvis and lumbar spine are in the same correct alignment as in position 1. 
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BtWe Element ImpairmentJ of the ske[eta[ S~i1tem: 
Structura[ variationJ in JointA[ifJnment 

The following joint and bony structural variations con
tribute to musculoskeletal pain syndromes (Figure 
2-22). Although the details of these variations and their 
relationships to pain are discussed in greater detail in 
later chapters, these faults are mentioned here to em
phasize the importance of considering all components 
and their interrelationships in pain syndromes. 

Hip Antetorsion 
In this congenital condition the angle of the head and 
neck of the femur is rotated anteriorly, beyond that of 
the normal torsion with respect to the shaft. The result 
is a range of medial hip rotation that appears to be ex
cessive, whereas the lateral rotation range appears to be 
limited. A study by Gelberman and associates shows that 
when the asynunetry between medial and lateral rota
tion is present, whether the hip is flexed or extended, 
structural antetorsion of the hip is present. 19 The hip is 
considered in antetorsion when the head and neck ro
tate more than 15 degrees anteriorly, with respect to the 
plane of the femoral condyles. 

Case Presentation 
History. A 22-year-old college student with radio

logic evidence of arthritic changes in the lower two seg
ments of the thoracic spine area is referred to physical 

A representation of retrotorsion and antetorsion of the femoral neck. 
(From Malone TR, McPoil TG, Nitz AJ: Orthopedic and sports physicol 
therapy, 3e, SI Louis, 1997, MosbyJ 

therapy for treatment of bilateral hip and low back pain. 
The severity of the pain in the hips and back has caused 
the patient to change colleges to reduce the walking dis
tances to classes. Before experiencing the pain the pa
tient was running 3 to 4 miles per day as part of a weight
control and fitness program. The patient complains of 
difficulty sleeping at night because of the pain. During 
examination the patient reports that the hip pain is de
creased when the hips are flexed and medially rotated. 
The Craig test indicates that the neutral position of the 
hip joint is 35 degrees of medial rotation on the right and 
35 degrees of medial rotation on the left, indicating she 
has a significant degree of hip antetorsion bilaterally. 

Symptoms and Diagnosis. With correct alignment of 
the femurs in the hip joints, the alignment of her feet is 
pigeon-toed to an unacceptable extent. Therefore she 
walks with her feet pointed straight ahead, which causes 
her hips to be beyond the limit of their range into lateral 
rotation. Consequently, when she walks she has com
pensatory rotation in her spine because of the lack of 
lateral rotation in her hips. During normal gait the hip 
rotates laterally from shortly after stance phase to 
slightly after toe off.29 When this rotation does not occur 
in the hip, it occurs as a compensatory rotation motion 
of the pelvis and then at the articulations of the spine. 
Running with her feet straight ahead further exaggerates 
this condition. The faulty alignment of the femoral head 
in the acetabulum is irritating the hip joint structures. 

Outcome. Management requires the patient to 
greatly limit her weight bearing activity for 3 weeks and 
learn to walk with her feet in a partially pigeon-toed po
sition, allowing the femoral head position to improve 
and the lateral rotation range to be available during gait. 
This management eliminates the hip and back pain. The 
patient is advised to avoid running. 

Hip Retrotorsion 
In this congenital condition, which is more common in 
men than in women, the angle of the head and neck of 
the femur rotates posteriorly with respect to the shaft. 
The result is that the range of medial rotation appears 
limited, but the lateral rotation range appears excessive. 
Hip retrotorsion can also be a cause of musculoskeletal 
pain of the hip and back. When a patient with hip retro
torsion forces the hip into a sustained position of medial 
rotation, the hip becomes painful because offaulty align
ment. When a woman with a retroverted hip crosses her 
legs (thigh over thigh) while sitting, the result is exces
sive medial rotation, causing irritation of the anterior 
joint capsular tissues and hip pain. The excessive stretch 
of the hip lateral rotators from sitting with her legs 
crossed or sleeping on her side with the hip adducted 
and medially rotated further contributes to the faulty 
alignment and control of the hip joint. 



With bilateral hip retrotorsion, the lack of hip me
dial rotation causes the lumbar spine to become the site 
of compensatory motion, particularly when work or 
recreational activities (e.g., golf) require rotational mo
tions. Because it is socially acceptable for men to sit 
with their legs crossed by resting their ankle on the op
posite thigh (hip abduction and lateral rotation), those 
with hip retrotorsion do not tend to develop hip pain 
problems. Further, the narrower pelvis of a man when 
lying on his side does not contribute to excessive hip ad
duction and medial rotation. Therefore when both sit
ting and sleeping in the side-lying position, men with hip 
retrotorsion are not at risk of assuming a faulty align
ment of the hip as much as are women. 

There are many other structural variations that 
contribute to musculoskeletal pain syndromes, the de
tails of which are discussed in the chapter on lower ex
tremity syndromes. Examples are (1) genu varum and 
valgum; (2) tibial torsion and tibial varum (sagittal and 
frontal planes); (3) supinated rigid foot; (4) short trunk 
and long extremities; (5) long trunk and short extremi
ties; (6) small narrow upper body and large, wide lower 
body; and (7) wide shoulders. 

Mo~u[ar E[ement Impairmenti1 
of tbe Nervoui1 S~i1tem 
Impairments of the modulator element are extremely 
important. Unfortunately, the role ofthe nervous system 
as a contributing factor in musculoskeletal pain syn
dromes has not been addressed or even considered until 
recently. As therapists and other clinicians observe, 
many individuals with strong muscles develop pain syn
dromes. These syndromes need to be addressed through 
teaching the patient to control subtle movements by 
conscious effort rather than by increasing muscle bulk. 
The study by Hodges and Richardson shows that the re
cruitment of the transversus abdominis muscle is de
layed in the patient with back pain, an example of a pa
tient with a motor control problem.26 Hides and 
colleagues have also shown that in the patient with low 
back pain, the multifidus muscle does not recover its 
bulk without a specific program of training.24 This pa
tient also has a motor control problem. The lack of ex
tensive discussion reflects the limited information avail
able, not the importance of this factor in movement 
impairment syndromes. 

Altered Recruitment Patterns 
Babyar reports that the patient with shoulder pain has 
excessive shoulder elevation during shoulder flexion to 
90 degrees as compared with subjects without shoulder 
pain.3 This excessive elevation is present even after the 
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patient no longer experiences pain during this phase of 
the movement. Further, with verbal instructions the pa
tient is able to correct his or her pattern of shoulder mo
tion. The results of this study indicate that once a faulty 
movement pattern is established, the patient requires 
specific training to reestablish a more normal pattern. 

Alterations in muscular strategies are also found 
during gait. A recent study by Mueller and associates 
shows that the patient with diabetes who has limited 
range of dorsiflexion and decreased power of push off 
uses a hip strategy for walking.44 When a patient has 
weakness of the ankle plantar flexors muscles, the mo
mentum generated by push off for the swing phase 
cannot be used; instead, the hip flexion phase tends to 
be exaggerated. 

These variations of hip flexion versus ankle push
off strategies are seen in runners. Observations of run
ners who tend to keep their weight line posterior
closer to the rear than to the front of the foot-show 
they use the hip flexor strategy, which also involves an 
excessive use of the tibialis anterior muscle, leading to 
shin splints (Figure 2-23). In contrast, runners who keep 
their weight line forward can be observed to use more 
push off with their ankle plantar flexor muscles (Figure 
2-24). 

Altered Dominance in Recruitment Patterns 
of Synergistic Muscles 
Alterations in the optimal recruitment of synergistic 
muscles can cause the action of a synergist to become 
more dominant than the action of other participating 
muscles. Alterations that can be clinically observed in
clude consistent recruitment of either one muscle of a 
force-couple or of counterbalancing synergists. The re
sult is a movement that is in the direction of the domi
nant synergist. 

Dominance of the Upper Trapezius Muscle 
The upper trapezius muscle, which is the upper compo
nent of the force-couple that controls the scapula, can 
be more dominant than the lower trapezius muscle. The 
trapezius muscle adducts and upwardly rotates the 
scapula, but the upper portion of the muscle elevates 
the shoulder while the lower portion depresses it. Ex
cessive elevation of the shoulder, as reported in the 
study by Babyar,3 is attributed to the dominance of the 
upper trapezius and a failure of the lower trapezius to 
counterbalance this action. As suggested by Babyar,3 
verbal directions that change the pattern are the most 
effective intervention. 

The pattern of excessive elevation appears to be 
one that has become "learned" rather than an issue of 
muscle strength. Testing may indicate weakness of the 
lower trapezius muscle. However, treatment is not ade-
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Runner pulling center of gravity, which contributes to excessive use of 
ankle dorsiflexion muscle. 

quate when the patient is instructed with lower trapezius 
exercises alone. Instructing the patient in the correct 
perfonnance of shoulder motion is essential, using a 
mirror to monitor the pattern of movement. Muscle re
cruitment and muscle contractile capacity are probably 
correlated, but strengthening will not necessarily 
change the pattern of recruitment. There is a greater 
likelihood that changing the pattern of recruitment will 
change the contractile capacity of the muscle and 
strength will be regained through correct usage. 

Dominance of Hamstring Muscles Over 
Abdominal Muscles 
The abdominal muscles and the hip extensor muscles 
have synergistic actions as a force-couple that tilts the 
pelvis posteriorly. When working properly the anterior 
abdominal muscles pull upward on the anterior pelvis, 
and the hamstring muscles pull downward on the is
chial tuberosity of the pelvis, thus acting as a force
couple that tilts the pelvis posteriorly (Figure 2-25). 
The optimal relative contribution of these two syner
gists has not been described in the literature, but clin
ical observation suggests that there is considerable 
variation. 

In the presence of weak abdominal muscles, the 
hamstring muscles are expected to exert the dominant 
effect on posterior pelvic tilt. Once this pattern is es
tablished, the hamstring action is constantly reinforced 

Runner chasing center of gravity allows ankle to plantarflex, thus allevi
ating the tonic adivity of the dorsiflexion muscle. 

while the abdominal muscle action is reduced. The im
balance in action contributes to an imbalance in 
strength, with the hamstring muscles testing strong and 
the abdominal muscles testing weak. 

Straight-leg raising in the supine position requires 
the synergy of the abdominal and the contralateral hip 
extensor muscles to counteract the pelvic anterior 
tilting action of the hip flexor muscles. Clinical obser
vations suggest that the individual with weak abdominal 
muscles uses the contralateral hip extensor muscles to 
stabilize the pelvis during the straight-leg raise to a 
greater extent than the individual who has strong ab
dominal muscles. 

To assess the interaction of the hamstring and ab
dominal muscles, electromyographic (EMG) activity 
was recorded during active straight-leg raising (hip 
flexion with knee extension) in the supine position. The 
study showed that the relative participation of these two 
synergists can vary, depending on the subject. If the pa
tient's preferred pattern was hamstring muscular ac
tivity and if he or she was instructed to reduce the 
amount of right hip extension during left straight-leg 
raising, the abdominal muscle activity increased signif
icantly.4o The results of this study confirm what is in
ferred from the anatomy-a decrease in activity of one 
muscle of a force-couple is accompanied by an increase 
in the activity of the other. This type of habitual alter
ation in the reciprocal participation contributes to 



Counterbalancing force-couples of the trunk and hip girdle 
muscles. The abdominal muscles pull upward on the anterior pelvis, 
and the hamstring muscles pull downward on the ischial tuberosity of 
the pelvis, acting as a force-couple to rotate the pelvis posteriorly and 
flatten the lumbar spine. The back extensor muscles pull upward on the 
pelvis and the hip flexor muscles pull downward on the pelvis, acting as 
a force-couple to rotate the pelvis anteriorly and extend the lumbar 
spine. (From Soderberg G: Kinesiology, Philadelphia, 1986, Williams & 
Wilkins.> 

muscle imbalances by reinforcing the demands on the 
stronger muscle and minimizing the demands on the 
weaker muscle. 

Dominance of Hamstring Muscles Over Gluteus 
Maximus Muscle 
The pattern of excessive dominance of one of the syner
gists of a muscular force-couple can lead to an impair
ment of the dominant muscle, such as an overuse syn
drome. For example, the individual with an exaggerated 
swayback posture who stands in hip joint extension has 
diminished contour of the gluteal muscles, suggesting 
poor development of this muscle group. The swayback 
position of the upper back with the sway-forward posi
tion of the pelvis, combined with posterior pelvic tilt and 
hip joint extension, causes the line of gravity to fall 
markedly posterior to the hip joints. This type of posture 
minimizes the role ofthe hip extensors in maintaining the 
upright position of the trunk and is used by a patient with 
paraparesis when walking. This patient lacks hip ex-

conceptiJ an(} PrincipCeiJ of Movement 
CHAPTER Two 

tensor musculature but is able to maintain an upright po
sition with the use of lower extremity braces and the 
swayback posture. Using gravity to create a hip exten
sion movement will also cause the hip extensors to at
rophy, particularly the gluteal muscles. 

When an individual with a swayback posture per
forms hip extension in the prone position, the timing 
and magnitude of muscle participation, as inferred by 
changes in the muscle contour, suggest that the ham
string muscles are active before the gluteus maximus 
muscle. Performing a manual muscle test on the gluteus 
maximus muscle usually confirms that the muscle is 
weak. This pattern is the reverse of that observed in the 
individual with a lordotic posture. This observation sug
gests that the timing of recruitment can vary between 
synergists and that it can be reflected in a decrease in 
the strength of the less dominant muscle. 

The variability in EMG onset of activity of the hip 
extensor muscles during hip extension performed in the 
prone position has been reported. 53 In the Pierce study 
the onset of gluteus maximus muscular activity follows 
the activity of the hamstrings by 2 seconds in one pa
tient (Figure 2-26). The investigators did not relate the 
pattern of recruitment to the patient's posture or to the 
muscle size. A reasonable hypothesis is that when one 
muscle of a synergistic pair is the prime mover and is 
generating the greatest amount of tension for a specific 
action, the muscle will be susceptible to an overuse syn
drome, such as hamstring muscle strain or iliotibial 
band fasciitis. 

The hamstring muscles, acting as hip extensors and 
knee flexors, are particularly active during sports that 
involve running. The hamstring muscles are extremely 
susceptible to an overuse syndrome when they are dom
inant because of inadequate participation of the ab
dominal, gluteus maximus, or even rectus femoris mus
cles, as well as the lateral rotators of the hip. Therefore 
when assessing the factors that contribute to an overuse 
syndrome, one of the rules is to determine whether one 
or more ofthe synergists ofthe strained muscle are also 
weak. When the synergist is weak, the muscle strain is 
probably the result of excessive demands. The non
dominant synergist should be tested for weakness, and 
the movement pattern should be carefully observed. 
Positive findings for weakness are consistent with inad
equate participation of the nondominant synergist. 

Other Examples of Altered Dominance 
in Synergistic Muscles 
The altered recruitment patterns of specific muscles are 
similar to the altered muscle dominance patterns de
scribed in the previous section that discussed base ele
ment impairments. Altered recruitment patterns con-
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Variability at timing of hip extensor EMG activity during hip 
extension in the prone position. In some individuals the onset of the 
EMG of the gluteus maximus (GMl is much later than the onset of the 
EMG of the hamstring muscles (BF>. (From Pierce MN, Lee WY: Muscle 
firing order during active prone hip extension, l05PT 12:2, 1990) 

tribute to changes in muscle dominance in length and 
strength. This situation is analogous to the "chicken and 
egg" dilemma of which came first. Although there is no 
answer to the question, changes in recruitment pattern, 
muscle length, and muscle strength are relatively con
current. The most effective remediation requires ad
dressing all three impairments. The following are addi
tional examples of muscles that demonstrate altered 
recruitment patterns: 

1. The TFL and rectus femoris muscles are more 
dominant than the iliopsoas muscle in the action 
of hip flexion. In this situation the patient usually 
demonstrates excessive hip medial rotation. The 
patient usually has a swayback posture with a 

lengthened iliopsoas muscle and a shortened TFL 
muscle during single-leg stance. 

2. The TFL, anterior gluteus medius, and gluteus 
minimus muscles are more dominant than the pos
terior gluteus medius muscle in the action of hip 
abduction. During manual muscle testing of the 
posterior gluteus medius, the patient substitutes 
by medial rotation and flexion of the hip. 

3. The hamstring muscles are more dominant than 
the quadriceps muscles for the action of knee 
extension. In walking or running, once the foot is 
fixed by contact with the ground, the hip exten
sion action of the hamstring muscles contributes 
to extension of the knee. Hip extension to assist in 
knee extension is commonly used by the patient 
who has weakness of the quadriceps muscles as a 
result of poliomyelitis. To reinforce the knee 
extension action, the patient often flexes the trunk 
slightly to use gravity to further contribute to the 
knee extension movement. A similar movement 
pattern is seen in the runner who uses the ham
string muscles for knee extension control. He or 
she demonstrates a pattern of bringing the knee 
backward to the body rather than bringing the 
body up to the knee as when climbing stairs 
(Figure 2-27) or when standing from a sitting posi
tion (Figure 2-28). 

4. The extensor digitorum longus muscle is more 
dominant than the anterior tibialis muscle for the 
action of ankle dorsiflexion. During active dorsi
flexion the patient demonstrates extension of the 
toes as the initial movement instead of ankle 
motion. 

5. The rectus abdominis muscles are more dominant 
than the external oblique abdominal muscles for 
the action of posterior pelvic tilt. This situation is 
often accompanied by a depression of the chest. 
When this patient performs exercises for the 
lower abdominal (external oblique) muscles, he or 
she will have difficulty contracting the oblique 
muscles as indicated by palpation and will instead 
readily contract the rectus abdominis muscle with 
an associated slight trunk flexion or a depression 
of the chest. 

6. The pectoralis major muscle is more dominant 
than the subscapularis muscle for the action of 
humeral medial rotation. In this movement pat
tern the range of humeral medial rotation from 50 
to 70 degrees is often limited. When testing the 
medial rotation range of motion, palpation and 
observation of the head of the humerus indicates 
that it glides anteriorly. The excessive flexibility 
of the humeral head into anterior glide is further 
exaggerated by the contraction of the pectoralis 



Two strategies for controlling the relationship of the trunk and 
knee during stepping up a step. A Subject steps up by bringing the 
trunk toward the leg, which maintains a relatively stationary position as 
the body moves toward a vertical position over the foot. B, Subject steps 
by bringing the leg back toward his trunk as the body moves toward a 
vertical position over the foot. (Courtesy of Amy Bastian, PhD, PT.) 

A c 

Sit to stand using three different strategies. A The subject starts by 
sitting on the edge of the chair and then directly comes to a vertical posi
tion. B, The subject is sitting back in the chair and starts the motion by 
leaning forward, flexing the hips and then extending the back and hips 
to come to an erect position. C The subject is sitting on the edge of the 
chair but brings the knees back toward the chair (toward the body) and 
then comes to the erect position with the knees partially extended. 
(Courtesy of Amy Bastian, PhD, PT.) 

major. In contrast, when the subscapularis is the 
prime mover, its action contributes to posterior 
glide, not anterior glide, of the humeral head. The 
best test of the performance of the subscapularis 
is performed in the prone position with the shoul
der abducted and in 70 degrees of medial rotation. 
To perform this test, the range of motion must be 
available. When the range of 60 to 70 degrees of 
humeral medial rotation is available and a manu
al muscle test of medial rotation is performed in 
the prone position, the muscles will test weak. 
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This result is attributable to excessive length or 
weakness of the subscapularis muscle. If the sub
scapularis is not participating optimally, the pec
toralis major is often dominant. 

O nical relevance 
The availability of multiple muscular strategies to 
create a specific joint moment has many advantages. 
The variety of strategies available enables the indi
vidual to respond to the demands of different activi
ties to ensure that the loss of one muscle does not 
eliminate the control of the joint. However, the effi
ciency of recruitment patterns suggests that most 
often a preferred pattern is established. Therefore 
the patient has to be retrained during functional per
formance. The treatment program cannot be limited 
to strengthening exercises for the strained muscle. In
stead, the patient is taught to reduce the amount of 
participation of the injured muscle in the action and 
increase the degree of participation of its synergists. 

Recruitment and Relative Flexibility 
The role of muscle stiffness as a contributing factor to 
compensatory movements is described in the preceding 
section on base element impairments. When muscle 
stiffness is the primary factor, the compensatory motion 
occurs when the muscle is passively stretched. How
ever, when the compensatory motion occurs during the 
active contraction but not with the passive stretch of a 
muscle, the problem is primarily one of motor control. 

Exaggerated Anterior Pelvic Tilt with Lumbar 
Extension During Active Knee Flexion 
The most likely contributing factors are (1) excessive 
flexibility of the movement of the lumbar spine into the 
direction of extension, and (2) contraction of the hip 
flexor or paraspinal muscles to prevent posterior tilting 
associated with hamstring muscle contraction (Figure 
2-29). However, because of the excessive flexibility ofthe 
lumbar spine, the contraction of the stabilizing muscles 
causes rather than prevents motion. A reinforcing cycle 
of activity is established, which continues to contribute 
to the excessive flexibility of the lumbar spine into the 
direction of extension. The patient must learn to mini
mize the magnitude of the stabilizing activity of the 
muscle to allow the lumbar spine to increase its stiffness. 

Exaggerated Posterior Pelvic Tilt 
During Active Knee Flexion 
In the normal joint stabilization pattern, muscles con
tract before the prime mover to counteract the effect on 
the joints of the action of the prime mover (Figure 2-30). 
To prevent posterior pelvic tilt, for example, the back 
extensor or hip flexor muscles should slightly contract 
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Exaggerated anterior pelvic tilt with lumbar extension during 
active knee flexion. Anterior pelvic ti lt is caused by activity of the back 
extensor and hip flexor muscles plus excessive lumbar extension mobility. 

before the hamstring muscles flex the knee. When the 
counterbalancing activity is delayed or when insufficient 
contraction prevents the movement of the segment to 
which the proximal end of the muscle is attached, there 
is inappropriate motion. 

In the case of knee flexion performed in the prone 
position, the pelvis tilts posteriorly and the lumbar spine 
flexes slightly. This is another example of a relative flex
ibility problem; however, the mechanism is faulty joint 
stabilization and not one of compensatory motion. The 
contributing factor is excessive mobility of the segment 
that should remain stable or a motor control problem of 
appropriate timing or recruitment of stabilizing muscles. 

Wrist Flexion Occurring During Finger Extension 
Another example of a stabilizing muscle that causes 
movement rather than prevents motion is observed at 
the wrist (Figure 2-31, A and B). When asked to perform 
finger extension, many individuals demonstrate a con
current small degree of wrist flexion. This type of move
ment pattern occurs most frequently in the individual 

Exaggerated posterior pelvic tilt during active knee flexion. 
Contraction of the hamstring muscles to flex the knee posteriorly tilts 
the pelvis, which is not counteraded by back extensor and hip flexor 
adivity. 

whose activities require repetitive wrist flexion. The 
repetitive wrist flexion decreases the stiffness and in
creases the flexibility of the flexion movement. In the 
normal pattern the fingers extend and the wrist flexors 
contract to prevent wrist extension. If, however, there 
is excessive wrist flexibility into flexion, the wrist flexes 
rather than remains neutral. As a result of this wrist 
flexion movement, the position of the flexed joint and 
the anterior position of the flexor tendons reduce the 
carpal tunnel space, which can result in carpal tunnel 
syndrome. 

A study by Hodges and Richardson finds evidence 
of the alteration in timing of stabilizing muscles. This 
study reports that the transversus abdominis muscle, or
dinarily the lowest threshold abdominal stabilizer of the 
lumbar spine during extremity motion, is delayed in its 
onset in the patient with low back pain when he or she 
flexes the hip.26 

Patterns of Eccentric Contraction 
The area where the timing of eccentric muscle activity 
is most critical is the shoulder girdle. As proper timing 
and magnitude of recruitment of the thoracoscapular 
and scapulohumeral muscles are essential to the initi
ation and performance of optimal shoulder motion, so 
is the termination of activity. When winging of the 
scapula occurs during the return from but not during 
shoulder flexion, the explanation indicates a condition 
other than weakness of the serratus anterior muscle 
(Figure 2-32, A-C). 

Greater muscle tension is required for a concentric 
contraction than for an eccentric contraction against a 
given load.36 Thus weakness of the serratus anterior 
muscle is more evident during the flexion motion than 
it is during the return from flexion motion. The most 
likely explanation is that the deltoid and supraspinatus 
muscles are not elongating or ceasing activity as rapidly 
as the serratus anterior muscle. This pattern can be a 
contributing factor in shoulder impingement syn
dromes. (The scapular winging syndrome is included in 
the chapter that discusses shoulder impairment 
syndromes.) 



Variations in wrist behavior during finger extension. A, Neutral 
position of wrist with fingers relaxed. B, During finger extension, the left 
wrist stays neutral. but the right wrist flexes. 

Several studies demonstrate that pain in a joint 
that is controlled by muscle (or pain in the muscle it
self) can impede volitional efforts to contract the 
muscle.2,15 A reasonable assumption is that when the 
patient learns to use different muscle strategies to pro
duce movement at the affected joint, these strategies 
will continue to be used even when the pain is no longer 
present. The patient who has had knee surgery often 
uses hip extension with their foot fixed to assist with 
knee extension. In part, hip extensors are used because 
it is difficult to activate the quadriceps muscles. How
ever, when this muscle strategy becomes a pattern of 
knee control, speciflc retraining is necessary to restore 
the normal pattern. 

Biomecbanica[ E[ement ImpairmentiJ 
The important role of the biomechanical element in 
movement necessitates its inclusion in the models, even 
though it is not a system of the body. The biomechanical 
element is an interface between motor control and mus
culoskeletal function that affects the pattern of muscle 
use and the shape of bones andjoints. Possibly, because 
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Scapular winging with return from flexion. A, Starting position. 
S. Shoulder flexion (no winging of scapula is noted). C; Retum from shoul
der flexion (winging of scapula is noted). 

A 

B 

c 
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of the intrinsic relationship between musculoskeletal 
function and biomechanics, there is danger of redun
dancy in discussing biomechanics as a separate element. 
However, recognition of the role of biomechanics and 
how it contributes to movement impairment syndromes 
also provides additional directions and options for in
tervention that may otherwise be overlooked. 

Biomechanics is defined as the science dealing 
with the forces, external and internal, that affect the 
body. 58 Mechanics consists of two main aspects of study 
of the forces that act on the body, dynamics and statics. 
Dynamics, which encompasses the study of kinematics 
and kinetics, is the aspect of biomechanics that is dis
cussed in greatest detail by kinesiologists. Kinematics 
is the description of the motions of the body, whereas 
kinetics is the description of the forces that produce mo
tion or maintain equilibrium. However, statics, which is 
the force that acts on the body at rest or in equilibrium, 
also affects tissues as described in the following text. 

Statics: Effects of Gravitational Forces 
Gravitational F orces Affecting Muscle Use 
Therapists traditionally consider the effect of gravity 
when testing or devising exercise programs for muscle 
strengthening. Besides the effect of gravity on muscles 
during specific exercises, there is also the effect induced 
by changes in postural alignment. One of the most 
common examples is found in the individual with an ex
aggerated swayback posture. As discussed previously, 
the line of gravity is shifted significantly posterior of the 
hip joint in this posture. Because the swayback align
ment decreases the demands on the hip extensors, the 
gluteal muscles of the individual with the swayback pos
ture appear underdeveloped and usually test weak 
(Figure 2-33). Thus static forces contribute to atrophy 
of muscles. 

Static forces can also increase the activity of mus
cles and change the interaction between agonists and 
antagonists. For example, occasionally tall, slender in
dividuals stand in a forward leaning posture,33 which 
causes the line of gravity to fall farther toward the front 
oftheir feet. The consequence is greater demand on the 
soleus muscle and less demand on the anterior tibialis 
muscle. In the forward leaning posture, the line of 
gravity is shifted toward the front of the foot, thereby 
minimizing the action of the tibialis anterior muscle 
(Figure 2-34). 

In contrast, the individual who has a rigid foot with 
a high instep and whose line of gravity is more toward 
the rear of the foot tends to use the tibialis anterior 
muscle to bring the body forward. This individual has a 
greater tendency to develop anterior shin splints than 
does the individual with a normal foot alignment 
(Figure 2-35). The individual who leans forward has a 

Swayback alignment in posture. (From Kendall FP, McCreary EK, 
Provance PG: Musdes: testing and function, 4e, 1993, Williams &. Wilkins.> 

tendency to develop metatarsalgia because of greater 
pressure on the metatarsal heads than if he or she did 
not lean forward. 

Alterations of Gravitational Forces Acting 
on Joints and Bones 
The static forces imposed on bone can affect their lon
gitudinal shape, as well as the shape of joint surfaces. 
Studies document alterations in the shape of vertebrae 
because of the forces associated with scoliosis.14 The 
forces resulting from altered vertebral alignment cause 
remodeling of the articular surfaces. Mechanical loads 
and the stresses and strains on bones affect their shape, 
whether by deterioration or exostosis. 18,47 

Another example related to faulty posture is found 
in the individual with genu recurvatum. The x-ray com
parison of a normally aligned knee and the knee of an 
individual who stands with the knees in hyperextension 
illustrates several faults (Figure 2-36). As described by 
Kendall, a bowing of the tibia and fibula in the sagittal 



Flat back posture with slight forward lean. (From Kendall FP, McCreary 
EK, Provance PG: Musdes: testing and {unction, 4e, 1993, Williams 8. 
Wilkins.> 

plane is a fault that is evident in the individual who has 
had hyperextension of the knee all his or her life.32 How
ever, careful examination of this individual indicates the 
presence of several other faults. They include (1) the 
downward sloping of the anterior articular surface of the 
tibia (see Figure 2-36, C), instead of a more horizontal 
orientation (see Figure 2-36, A); (2) the displacement of 
the femur anterior to the tibia, which is evident in the 
corrected knee alignment position (see Figure 2-36, C), 
instead of the anterior surface of both bones in the same 
vertical plane (see Figure 2-36, A); and (3) the inferior 
position of the patella (see Figure 2-36, B, C), which may 
be the result of diminished activity in the quadriceps 
muscles because of the hyperextended knee position. 
Consistent with Wolff's law, the anomalies of the tibia 
and fibula are induced by the forces associated with the 
hyperextended knee posture.5 

Observation of a malalignment associated with hy
perextended knees indicates that the anterior and pos
terior cruciate ligaments are placed under different de-

'"''' '"D''''''' anD pyjncip[eo of Movement 
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Rigid foot with high instep. 

X-rays of the knees of two subjects. A Subject has stood in good 
alignment throughout life. B, Another subject has stood with the knees 
hyperextended since childhood. C, Same subject in B stands with the 
knees in the neutral position. (From Kendall FP, McCreary EK, Provance 
PG: Musdes: testing and {unction, 4e, 1993, Williams 8. Wilkins.> 

grees of stress. When the knee is hyperextended, the an
terior cruciate ligament is in a shortened position with 
inconsistent stress; this malalignment can lead to a 
weakening of the ligament. The opposite condition is 
associated with the posterior cruciate ligament. Factors 
that predispose the knee to injury during pivot shift ac
tivities are (1) the oblique shape ofthe articular surface 
of the tibia with the anterior surface lower than the pos
terior, and (2) the weakness caused by reduced constant 
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stress on the anterior cruciate ligament. Loudon reports 
the prevalence of hyper extended lmees in the individual 
with anterior cruciate ligament deficiency.38 

Another example of malalignment contributing to 
the further deterioration of a joint is the presence of 
genu varum. Varus of the lmee joint occurs during a 
single leg stance when the line of gravity does not shift 
enough laterally to be close to the lmee (Figure 2-37). 
This malalignment occurs because the varus moment 
(the perpendicular distance from the medial aspect of 
the lmee to the line of gravity) at the lmee is greater than 
that for a normally aligned lmee. This larger varus mo
ment further contributes to the varus deformity of the 
lmee and consequently results in increased stress and a 
deterioration of the medial condyle of the tibia. 

Dynamics: The Relationship Between Motion 
and the Forces Producing Motion 
Kinetics: Description of the Forces 
Producing Motion 
Deviations in alignment of weight-bearing joints con
tribute to the development of moments that increase the 
degree of the joint malalignment. For example, during 
the stance phase of gait (i.e., the hip medially rotates and 
the lmee hyperextends), the result is a varus alignment 
of the lmee joint. If, while weight bearing on the ex
tremity, the weight line does not shift laterally, the varus 
force on the lmee is greater than that on a normally 
aligned lmee. The greater varus force further contributes 
to increasing the varus alignment of the lmee. 

Kinematics: Description of the Motions 
of the Body 
The pattern of joint movement, considering both os
teo kinematic and arthrokinematic contributions, is the 
principal factor in the movement system balance (MSB) 
approach to musculoskeletal pain syndromes. The kine
matic impairment, believed to be the most important 
contributing factor to the development of a pain syn
drome, is that a joint develops a directional suscepti
bility to movement (DSM), which is a compensatory 
movement in a specific direction or a stress applied in a 
specific direction. The site of the compensatory move
ment is believed to be the site of pain. 

Many of the movement impairment syndromes de
scribed in this text arise from faults in the arthro
kinematics (accessory joint movements). One example 
is the femoral anterior glide syndrome in which the hip 
joint is in postural extension or hyperextension. Be
cause of the development of shortness or stiffness of the 
posterior structures of the hip joint, the head of the 
femur does not follow the normal pattern of gliding pos
teriorly during hip flexion; as a result, the anterior joint 
capsular structures are impinged and painful. This con-

A 

B 

c 

Marked varus of the knee joint during a single leg stance. 
A Starting position. B, Normal alignment during single leg stance. 
C Marked varus moment that is present when the line of gravity does 
not shift laterally enough to be close to the knee. 



dition is analogous to the preimpingement dynamics de
scribed at the shoulder.3o 

Assessing and restoring accessory motions is a 
major emphasis of the techniques of manual therapy, 
which are most often used as passive interventions. Al
though passive mobility of a joint is important, the ac
tive control of joint motion is considered most impor
tant. Muscle activity is one of the factors controlling the 
arthrokinematics. Impairments of muscle performance 
is a major contributing factor to impairments of acces
sory motions, and thus the correction of muscle perfor
mance is also a means of correcting the accessory 
motion impairments. 

Observations and measurements of osteokine
matics, the movement of joints in relation to one 
another, are parts of the standard assessments per
formed by the physical therapist. Deficits in the range 
of motion are most frequently used to assess the patient 
with a musculoskeletal pain syndrome. The loss of joint 
range of motion is the result of a loss of muscle length 
and from changes in capsular tissues and changes in the 
joint itself, which can also restrict the range of motion. 
Many texts describe methods oftreating deficits injoint 
motions. 

In the syndromes described in this text, the effect 
of changes in muscle length, strength, stiffness, and per
formance is especially emphasized. Some of the syn
dromes are classified by their osteokinematics, such as 
the hip extension and hip abduction syndromes. In these 
syndromes the condition is a muscle strain or a soft
tissue problem attributable to impairments in muscle 
performance. The reason for using physiologic move
ments as diagnostic categories for muscle and soft
tissue strains is to emphasize the dynamic nature of the 
presumed cause. 

A major tenet of the MSB approach is that alter
ations in muscle performance (as depicted in the kine
siopathologic model) are the causative factors of 
painful conditions. Consequently, intervention requires 
assessing these factors and correcting those that are im
paired. The emphasis on the multiple factors con
tributing to the development of a muscle strain is also 
intended to alert the clinician that a treatment program 
that only involves rest, modalities to alleviate inflam
mation, and strengthening exercises is not adequate for 
long-term correction and prevention of reinjury. Time 
will tell whether these categories are as useful as they 
are believed to be. 

The movement impairment syndromes of the spine 
are named according to osteokinematic movements, 
even though these syndromes are impairments in 
arthrokinematics and not only muscle or soft-tissue 
strains. At this time it is not possible to decipher clini
cally arthrokinematic faults of the spine. Therefore the 
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diagnostic categories involving the back are named for 
the major motions of flexion, extension, and rotation. 
(The details of these diagnoses are discussed in the 
chapter on movement impairment syndromes of the 
lumbar spine.) 

Kinematics and Impairments of Joint Function 
Arthrokinematics, the movement of joint surfaces in re
lation to one another, is not easily observed, but thera
pists have developed systems of assessment by passive 
displacement. One of the methods used to depict the 
arthrokinematics of a joint is the analysis of the PICR 
(see Figure 2-1). FrankeF7 has shown that in the pres
ence ofmeniscal tears, the PICR is faulty (Figure 2-38). 
There is normal rolling and gliding between the femur 
and tibia through the range-of-knee motion (Figure 
2-39, A). In contrast, when the PICR is abnormal, there 
can be compression at some points in the range and dis
traction at other points in the range-of-knee flexion and 
extension (Figure 2-39, B). 

Although the PICR is abnormal when joint patho
logic conditions are present, abnormal movement has 
also been documented before evidence of degenera
tion.2o,69 When radiologic examination indicates that de
generation has taken place, usually motion is restricted 
from fibrosis. 

Other studies have also documented deviations of 
the PICR when joint structures are damaged. This situ
ation creates a vicious cycle, because deviations in the 
PICR mean that the joint surfaces are not moving opti-

Abnormal instant center pathway for a 35-year-old man with a 
bucket-handle derangement. The instant center jump at full exten
sion of the knee. <Adapted from Frankel et al: Biomechanics of internal 
derangement of the knee: pathomechanics as determined by analysis of 
the instant center of motion, J Bone Joint Surg 53A:945, 1971'> 
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mally in relation to one another, thus furthering the mi
crotrauma to the joint. Currently, radiologic methods 
that are neither practical nor physiologic are the primary 
means of assessing the PICR. However, noninvasive 
methods are under development, which can be used 
during physiologic conditions, offering practical ways 
of using the PICR to assess accessory joint motions for 
both diagnosis and treatment.27,39 

One method of depicting how faults in the PICR 
contribute to microtrauma at ajoint is the model of stress, 
which provides a schematic representation of how stress 
affects several biological tissues (Figure 2-40). 

Almost all musculoskeletal pain syndromes are 
considered mechanical disorders as compared with 
disease-based disorders. Therefore the ultimate cause 
of tissue irritation is a biomechanical impairment. The 
syndromes described in this text are termed movement 
impairment syndromes in recognition of the biome
chanical basis of the underlying cause. Therefore 
biomechanical impairments are described in each of the 
syndromes. 

Distraction Compression 

A Optimal PICR with normal gliding between the femur and tibia 
through the range-of-knee motion. 8, Abnormal PICR reSUlting in com
pression and distraction during knee flexion. (Modified from Nordin M, 
Frankel VH: Basic biomechanics of the musculoskeletal system, 2e, 
Philadelphia, 1989, Lea & Febiger.> 

Kinesiopathologic Model Applied to 
Patellofemoral Joint Dysfunction 

Muscular Component Impairments 
• Short or stiff tensor fascia lata-iliotibial band 

(TFL-ITB) or gluteus maximus muscle-iliotibial 
band 

• Insufficient performance of vastus medialis 
oblique muscle 

• Insufficient performance of posterior gluteus 
medius muscle contributing to dominant TFL 
activity 

• Insufficient performance of iliopsoas muscle con
tributing to dominant TFL activity 

Motor Control Impairments 
• Dominant TFL-ITB activity as evidenced by exces

sive hip medial rotation during knee extension in 
the sitting position or during the stance phase of 
gait 

• Dominant hamstring versus quadriceps activity 
during running, sitting-to-standing movement, and 
climbing stairs 

• Altered force couple action of the vastus medialis 
oblique (VMO) and TFL muscles 

Biomechanical Impairment 
• Faulty alignment of patella in trochlear notch of 

the femur; patella positioned inferiorly, tilted infe
riorly, and rotated laterally and superiorly 

• Faulty PICR of patella during knee motion 

Excessive-damage 

Adaptation-hypertrophy 

Normal-everyday activities 

Insufficient-atrophy 
deterioration 

InfluenCing factors: load, duration, frequency 

TIssue response to stress. Muscle, bone, and cartilage need normal 
range of stress to maintain an optimal level of physiologic properties. 
These tissue adapt to slight increases in stress by forms of hypertrophy. 
These tissues deteriorate when stress is below normal or above the 
adaptive range. (Courtesy of SA Sahrmann and MJ Mueller.> 
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Multiple ImpairmentLl of tbe ComponentLI 
of Movement 

Case Presentation 
History. A 35-year-old, highly competitive female 

marathon runner is experiencing pain on the postero
lateral aspect of her right knee in the area lateral to the 
insertion of the biceps femoris muscle. The pain has 
been present for 6 weeks. Approximately 2 weeks be
fore her consultation, she received ultrasound treat
ments to the painful area with minimal change in her 
symptoms. She does not have pain when walking, but 
her running is limited to 3 to 5 miles because ofthe onset 
of her symptoms. She rates her symptoms as a 3 to 5 on 
a scale of 10. The examination of her lower extremity in
dicates a varus alignment of the right knee. She has bi
lateral tibial varum. Closer examination of the right knee 
indicates that the femur is rotated medially with respect 
to the tibia, and the tibia appears to be displaced pos
terolaterally in relation to the femur, even in the sitting 
position with her knee flexed (Figure 2-41, A-F). 

Symptoms. During a single leg stance on the right 
and when walking, the degree of varus of her right knee 
increases. This is attributable in part to the increase in 
medial rotation of the femur during the stance phase. 
The right biceps femoris muscle also appears to be par
ticularly hypertrophied and prominent when viewed 
from the lateral aspect. The only positive finding with 
muscle length and manual muscle testing is a grade of 
4+/5 ofthe right hip lateral rotators. 

Muscle Length and Strength. Based on the observa
tion of increased hip medial rotation during stance, the 
patient is asked to contract the muscles in her gluteal 
area to maintain hip lateral rotation during a single leg 
stance. The active contraction keeps the femur aligned 
with the tibia and decreases the previously observed 
varus alignment at the knee. She practices contracting 
her hip lateral rotators while standing for 5 minutes and 
then practices the same correction while walking. Her 
gait training session lasts 25 minutes. 

Because of the lack of other specific muscle im
pairments, she is not instructed in any specific exercises. 
Her previously established program of stretching is con
sidered adequate. The patient never returns for treat
ment because she left within 4 days for a series of 10-
kilometer races in another country. The patient did 
contact the therapist by telephone and mail to indicate 
that she has not experienced any knee pain during her 
competition. She is also able to train intensively 
throughout the summer without developing significant 
knee pain. She indicates that when she feels any dis
comfort in her knee, she contracts her gluteal muscles 
to eliminate the problem. 

Diagnosis. The movement impainnent is excessive 
femoral medial rotation with respect to the tibia. Medial 
rotation is the DSM. Thus the site of greatest relative 
flexibility is the knee joint. The muscular impairment is 
weakness of the hip lateral rotators, but the most im
portant observations are the posterolateral displace
ment of the tibia, the medial rotation of the femur, and 
the prominence of the right biceps femoris muscle. 

These observations suggest a motor control im
pairment of recruitment patterns. The patient appears to 
be using the biceps femoris muscle as the primary lateral 
rotator of the hip instead of the intrinsic hip lateral rota
tors-the gemelli, obturators, piriformis, and quadratus 
femoris muscles. The obvious problem with the biceps 
femoris muscle becoming the dominant muscle is that it 
attaches to the ischial tuberosity proximally and to the 
tibia distally, except for the short head of the muscle. 
Therefore it does not directly control the rotation of the 
femur. In contrast, the six intrinsic hip lateral rotator 
muscles attach to the greater trochanter of the femur 
and thus provide the optimal control of the femur. 

The biomechanical element impairments are 
malalignments of the knee, specifically, the varus, rota
tion, and posterolateral glide. During weight bearing 
the moments that are created by these impairments add 
to the malalignments. This type of analysis and inter
vention exemplifies the difference between addressing 
the source of the pain, which is the irritated structures 
on the posterolateral aspect ofthe knee, and addressing 
the cause of the problem. The cause is the movement 
impairment of tibial posterolateral glide. 

Summary. As discussed, impairment in muscular, 
motor control, and biomechanical components all con
tribute to the cause; thus for optimal correction, all these 
factors must be addressed. In this case the intervention 
is simple and straightforward. The patient merely has to 
learn to activate the correct muscles at the correct time. 

Support Element ImpairmentLI 

The cardiopulmonary, metabolic, and endocrine sys
tems are important to movement, but discussion of im
pairments in these systems and their relationship to 
musculoskeletal pain is beyond the scope of this text. 
Vital signs and respiratory rate should be routine com
ponents of the physical therapy examination. Oxygen 
consumption or response to exercise is needed to pre
scribe an appropriate aerobic exercise program. 
Screening examinations should always include the iden
tification of potential systemic diseases that mimic mus
culoskeletal pain. A variety of books are available that 
address these issues and should be consulted for further 
information about appropriate examination techniques. 
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A Varus alignment of right knee, bilateral tibial varum. 8, Prominent biceps femoris muscle. C; Marked 
medial rotation of femur in relation to tibia, posterolateral displacement of the tibia. 0, Medial rotation of 
femur, posterolateral displacement of tibia. E, Increased varus and medial rotation of femur during single-leg 
stance. F, Decreased medial rotation of the femur when activating the pelvic girdle lateral rotator muscles 
during single-leg stance. 



Summary) 

The impairments in the components of the movement 
system discussed in this chapter highlight the factors 
that contribute to movement impairment syndromes. 
When examining a patient for musculoskeletal pain syn
dromes, all component impairments and their contribu
tions to the pain syndrome need to be identified and cor
rected. The mechanical stress on tissues arising from 
movement impairments is the cause of a wide variety of 
tissue injuries. The various tissue conditions that are 
implicated in musculoskeletal pain syndromes are de
generative changes in cartilage and joints, ligament 
strains, joint inflammation, myofascial strains, myofas
cial tears, tendonitis, bursitis, neuropathic pain from en
trapment, and compression and adhesions, to give just 
a few examples. 

The approach advocated in this text suggests that 
identifying the mechanical cause is a more important 
step in correcting the problem and alleviating the pain 
than identifying the painful tissues, unless the tissue de
generation or strain is severe. Identifying and correcting 
impairments is an effective form of treatment, whereas 
alleviating local inflammation with physical agents is 
not. The latter does not address the cause but instead is 
directed at the tissue source of the pain. Even when the 
treatment for inflammation decreases pain, the relief is 
only temporary unless there is an associated change in 
movement patterns to prevent the return of the me
chanical problem. 
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Movement Impairment Syndromes of the Low Back 

After consideration of the information presented in this chapter, 

the reader will be able to: 

1. Describe the standards for ideal alignment and identify 

structural variations of the spine and pelvis. 

2. Describe the standards for the normal ranges of the 

motions of the spine. 

3. Identify the contributions of each abdominal muscle to the 

movements and to the stability of the trunk and pelvis and 

prescribe appropriate exercises. 

4. Understand the characteristics of each movement impair

ment syndrome of the low back. 

5. Perform an examination of the patient with low back pain, 

consider the contributing factors, and establish a 

diagnosis. 

6. Develop and instruct the patient in a diagnosis-specific 

intervention program of exercise and modification of life 

activities, which contributed to formation of the movement 

impairment syndrome. 

Intro{)ucti on 

A majority of spinal dysfunction is the result of cumula
tive microtrauma caused by impairments in alignment, 
in stabilization, and in movement patterns of the spine. 
In the properly functioning spine, the balanced isometric 
support and control provided by the trunk muscles pre-

vent these impairments. When dysfunction occurs, the 
major objective is the identification of the direction of 
the alignment, stress, or movement of the spine that con
sistently elicits or increases thepatient's symptoms. Re
producible motions of the spine or extremities can pro
duce the symptoms that elicit stress or movement. The 
site of the symptoms is particularly susceptible to move
ment because it becomes more flexible than the other 
sites at which motion also occurs. This susceptibility to 
movement further exaggerates the flexibility of the site 
because it is repeatedly subjected to motion. 

Most movements involve the participation of mul
tiple segments, and the relative contribution of each 
segment is a function of its mechanical characteristics. 
Movement follows the principles of mechanics. Among 
those principles is the law of physics, which states that 
movement takes place along the path of least resis
tance. When a system is multisegmented, as in the case 
of the human movement system, the greatest degree of 
motion occurs at the most flexible segment. 

Thus most spine dysfunctions occur because of ex
cessive relative flexibility, particularly at specific seg
ments, rather than at the segment of reduced flexibility. 
The reduced flexibility of some segments invariably con
tributes to compensatory motion at the most flexible seg
ments. Although a specific problem exists in the verte
bral column (e.g., facet hypertrophy, disk degeneration, 
spondylolisthesis, nerve impingement, bulging disk), 
correction of the impairment performance of trunk mus
cles helps reduce the abnormal stresses that led to the 
problem. Once the appropriate trunk muscle control and 
lower extremity muscle flexibility are achieved, most 
often back pain subsides without direct treatment to the 
spine itself. After the correction is made, the spine is no 
longer subjected to the traumatic stresses. 
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The keys to preventing and alleviating spinal dys
function are (1) to have the trunk muscles hold the ver
tebral column and pelvis in their optimal alignments and 
(2) to prevent unnecessary movement. To achieve these 
goals, the muscles must be the correct length and 
strength and be able to produce the correct pattern of 
activity. During movement of the extremities, optimal 
isometric contraction of the trunk muscles is needed to 
appropriately stabilize the proximal attachments of the 
limb muscles. 

Norma [ A[ifjnment of tbe Lumbar spine 
Standing 
Normal Position 
A forward convex curve of the lumbar spine is the 
normal or neutral position. A study of 14- to 15-year-old 
adolescents, using an estimation of vertebral bodies 
from the external profile of the spine in the sagittal plane, 
calculates the lumbar curve from the vertebral centroid 
curve. Male adolescents have a curve of 25.6 degrees, 
and female adolescents have a curve of 30.8 degrees.45 

The curvatures calculated from vertebral centroids lo
cated on the bodies of the vertebrae are expected to 
differ from those observed from external landmarks, 
such as the spinous processes (Figures 3-1 and 3-2). In
clinometers and flexible rulers can be used to measure 
external lumbar curves. Because two different methods 
are used to calculate the curve obtained by these de
vices, there is some variation in the reported values. The 
study by Youdas uses a flexible ruler to measure the 
lumbar curve of five men and five women with a mean 
age of 25 years. This study reports values ranging from 
21 to 49 degrees and a mean value of approximately 34 
degrees using both tangent and trigonometric methods 
to calculate the curves 59 (Figure 3-3). Thus a general as
sumption can be made-the lumbar curve in young in
dividuals ranges from 25 to 30 degrees. Ohlen and col
leagues use an inclinometer as their measurement 
device. Their study reports that the thoracic curve 
ranges from 30 to 33 degrees.41 Loebl also uses an incli
nometer to measure the thoracic spine. He reports sim
ilar values of 32 to 37 degrees for the individual younger 
than 40 years and values of 40 to 41 degrees for the in
dividual older than 60 years.29 

Impairments 
Acquired impairments in the sagittal plane are either a 
decreased lumbar curvature resulting in a flat back or 
an increased lumbar curvature resulting in a lordosis. 
Judging the depth of the lumbar curve is not always 
easy. The reference for the ideal curve is provided in 
Figure 3-4, and an example of good lumbopelvic align-

ment is shown in Figure 3-5. The lumbar curve is af
fected by the tilt of the pelvis. A correlational between 
the lumbar curve and pelvic tilt has not been shown, nor 
should one be expected for both statistical and anatom
ical reasons. However, as demonstrated, tilting the 
pelvis anteriorly increases the lumbar curve, whereas 
tilting the pelvis posteriorly decreases the lumbar curve 
(Figure 3-6 on page 55). 

Lumbopelvic alignment is often used for clinical as
sessment of the patient with lower quarter pain, but the 
measures used for this assessment can be misleading. 
Typically, the following three different measures are 
used to assess lumbopelvic alignment: (1) the lumbar 
curve, (2) the deviation from the horizontal line between 
the posterior superior iliac spine (PSIS) and anterior 
superior iliac spine (ASIS), and (3) the hip joint angle. 
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Shape of the spine. Calculation of the measurement variables: A 
Spine length and height. B, Kyphotic and lordotic angles and spine 
depth. Kyphotic angle = 4 X arctan (2 X hk/lk); lordotic angle = 4 arc
tan (2 X hL/IL); spine depth = hk + hL. C; Cumulative centroid displace
ments of the thoracic and lumbar regions. (From Pearsall DJ, Reid JG: 
Line of gravity relative to upright vertebral posture, Clin Biomech 7:80, 
1992.J 
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Examples of each measure can vary because of factors 
other than acquired impairments in lumbopelvic align
ment. For example, a man often has structural varia
tions in the curvature of his lumbar spine in the standing 
position. When the iliac crest is obviously higher than 
his belt line, he will consistently have a flat lumbar spine 
(Figure 3-7 on page 56). This patient is not standing in a 
posterior pelvic tilt because his PSIS is not lower than 
his ASIS and his hips are not in extension, which would 
be the finding if his flat lumbar spine had been an ac- A 
quired impairment of posterior pelvic tilt. Often this pa-
tient also has retrotorsion of the hips. 

When the patient has a flat lumbar spine, the flexi
bility of the hips becomes particularly important. During 
forward bending, the individual with a flat lumbar spine 
must immediately flex the hips to avoid excessive flexion 
of the spine (Figure 3-8 on page 56). A tall man with rel
atively greater pelvic height to overall height is more 
prone to low back pain than the tall man who does not 
have a tall pelvis.36 

Structural factors can also influence the measure
ment of the line between the PSIS and ASIS. In women 
the structure of the pelvis can vary dramatically. In some 
the ASIS is notably lower than the PSIS; however, the 
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Relation of the male and female average vertebral centroid curves to the 
main line of gravity. (From Pearsall DJ, Reid JG: Line of gravity relative 
to upright vertebral posture, c/in Biomech 7:80, 1992'> 

e = 4 X (arc tan [2H/L]) 
= 4 X (arc tan [26/178]) 
= 4 X (arc tan 0.14606) 
= 4 X (8.30986) 

e = 33° 

Procedure for measuring the sagittal mobility of the lumbar spine when 
the subject is standing. A The subject stands on a wooden platform, 
and an adjustable dowel is mounted to a vertical rod and positioned so 
that it lightly touches the subject's xiphoid process. The tester carefully 
molds the flexible curve to the midline contour of the subject's lumbar 
spine. Twist ties attach to the curve project horizontally and mark the 
location of spinous processes of T12, L4, and S2. B, The contour of 
the lumbar spine obtained from the flexible curve is carefully traced by 
the tester onto a poster board. (From Youdas JW, Suman VJ, Garrett 
TR: Reliability of measurements of lumbar spine sagittal mobility 
obtained with the flexible curve, 105PT 21 (1): 13, 1995'> 
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Nonnal spinal curve. Relation of the vertebral column to the line of 
gravity. (From Pearsall DJ, Reid JG: Line of gravity relative to upright 
vertebral posture, Clin Biomech 7:80, 1992'> 

Ideal lumbopelvic alignment. 

pelvis is not tilted anteriorly, the hip is not flexed, and 
the lumbar spine is not lordotic (Figure 3-9 on page 57). 
The hip joint angle is affected by the lrnee joint angle and 
by the pelvic tilt. When the lrnees are hyperextended, the 
hip joint is extended even though the pelvic tilt may be 
ideal (Figure 3-10 on page 57). Thus the assessment of 
lumbopelvic alignment should be based on a positive 
finding of two out of the three measurements. 

Symmetry ofthe lumbar paraspinal area is another 
alignment impairment that is particularly important in 
the patient with low back pain. A side-to-side differ
ence of 1/2 inch or greater, which a trained therapist can 
reliably detect, is one of the tests used for the rotation 
category. 54 Asymmetry can be attributed to either pos
tural rotation of the lumbar spine to one side or to uni
lateral hypertrophy of the paraspinal muscles. (The 
movement tests that differentiate these two conditions 
are described in the section on motions of the lumbar 
spine.) 

Sitting 
Normal Position 
In the normal sitting position, the pelvis posteriorly tilts 
relative to the standing position. As a result, the lumbar 
spine reverses its anterior curve and becomes flat 
(Figure 3-11 on page 58). When the spine becomes flat, 
increased pressure is exerted on the disks because the 
pressure is reduced on the facet joints, as compared with 
the pressure exerted on the disks in the standing posi
tion.39 If the inward curvature of the lumbar spine is in
creased while the patient is in a sitting position, the pres
sure on the disks decreases, but it is not as low as when 
the patient is in a standing position. 

Impairments 
Additional factors that affect the load on the lumbar 
spine include the line of gravity and the activity ofthe il
iopsoas muscle. When sitting the lumbar spine is flat, the 
line of gravity is anterior to the spine and it increases the 
load on the spine. The more forward the line of gravity 
relative to the spine and the larger the shoulders, the 
greater the load on the spine. When a person does not 
use the backrest of the chair but uses hip flexor mus
cular activity to maintain an alignment of the spine and 
pelvis, additional compressive force and anterior shear 
forces are placed on the spine. A further exaggeration 
of anterior pull on the spine during sitting is found in the 
individual who sits on the end of the chair, which re
quires the use of the hip flexor muscles to hold him or 
her in hip flexion. When sitting in a standard chair, the 
feet of the individual who is shorter than 5 feet, 4 inches 
in height do not touch the ground; thus there is an ante
rior pull on the pelvis and spine from the unsupported 
position of the lower extremities. 
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Faulty pelvic alignment as a result of: A weak and long abdominal muscles. B, Short and stiff hip flexors. 
C; Apparent anterior tilt. 0 , Posterior tilt. Effect of pelvic tilting on the inclination of the base of the sacrum to 
the transverse plane (sacral angle) during upright standing. ~ Tilting the pelvis backward reduces the sacral 
angle and flattens the lumbar spine. F, During relaxed standing the sacral angle is about 30 degrees. 
G, Tilting the pelvis forward increases the sacral angle and accentuates the lumbar spine. (Parts E, F, G from 
Nordin M , Frankel VH: Basic biomechanics of the musculoskeletal system, 2 ed, Philadelphia, 1989, Lea 8. 
Febiger.J 
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Posterior and side view examples of men with variations in the 
heights of their iliac crests. A Slightly high iliac crests as judged by 
the differences between the top of the iliac crests and the beltline. 
8, High iliac crests. C; Iliac crests level with beltline. 

A 

B 

Variations in lumbar spine motion during forward bending and 
quadruped rocking. A Limited hip flexion with excessive lumbar flex
ion. 8, Good hip flexion with optimal lumbar flexion. 

Another subtle yet common impairment is the ten
dency for a person to sit leaning to one side, often leaning 
onto an ann rest that is too low for the trunk height or 
the length of the anns. This position of lateral flexion 
can contribute to back pain, particularly in the individual 
whose lumbar spinal movement is isolated to only one 
or two lower segments of the lumbar spine. 

A markedly kyphotic thoracic spine will cause the 
patient to sit in lumbar extension. When a patient has 
pain sitting in this position, the hips can slide forward to 
flatten the lumbar spine. Also, a firm pillow can be 
placed behind the lumbar spine to provide vertical sup
port for the thoracic spine while decreasing the exten
sion moment on the lumbar spine. The pillow should not 
contribute to the inward lumbar curve. 

A tall man who has long tibias often sits with his 
knees higher than his hips, which contributes to lumbar 
flexion. He needs to adjust the chair so that his hips and 
knees are in the same horizontal plane. If the chair does 
not adjust, he should use a pillow in the seat of the 
chair to raise the height from the floor. A man who has 
a large abdomen also tends to sit in lumbar flexion. He 
should use a seat that is higher in the back than in the 
front so that his hips are not placed in greater than 90 
degrees of flexion. 

In summary, sitting impairments include a number 
of alignment faults other than lumbar flexion. Ideally, 
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Two examples of women with a low anterior superior iliac spine (ASIS) in relation to posterior 
iliac spine (PSIS). A Relaxed standing, ASIS is much lower than PSIS. B, Posteriorly tilting the pelvis to align 
ASIS and PSIS, eliminates the lumbar curve. C Normal lumbar curve. 

the patient should sit all the way back in the chair to use 
the back support. The shoulders should be in line with 
the lumbar spine, and the hips should be at a gO-degree 
angle with the knees in the same horizontal plane as the 
hips. If the feet do not reach the floor, they should rest 
on a footstool. The patient should not lean to one side. 
Accommodation must be made for structural variations 
such as long tibias, short legs, large abdomen, large but
tocks, and thoracic kyphosis. A patient may magnify his 
or her complaints by simply contracting the proximal 
thigh muscles while sitting. For example, a woman may 
hold her knees together when sitting, another individual 
may subconsciously arch the back when tense, and an
other may contract the hamstring muscles, which can 
tilt the pelvis posteriorly. 

Motiono of tbe Lumbar Spine 
Path of the Instant Center of Rotation 
As with movement of the limb joints, the motion be
tween the surfaces of the adjacent bones of the spine 
are analyzed by determining the path of the instant 
center of rotation (PICR). The location of the PICR has 
been determined for the different motions of the spine 
and is shown in Figure 3-12. For flexion and extension, 
the axis of rotation lies in the posterior half of the disk. 

Woman with hyperextended knees causing the hip joint to become 
hyperextended, but the pelvic tilt remains ideal. 
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Compared with relaxed upright standing (AJ, the line of gravity for the 
upper body (already ventral to the lumbar spine) shifts further ventrally 
during relaxed unsupported sitting as the pelvis is tilted backward and 
the lumbar lordosis flattens (B). This shift creates a longer lever arm (Lw) 
for the force exerted by the weight of the upper body. During erect sit
ting, the backward pelvic tilt is reduced and the lever arm is shortened 
(0, but it remains slightly longer than during relaxed upright standing. 
(From Nordin M, Frankel VH: Basic biomechanics of the musculoskeletal 
system, 2 ed, Philadelphia, 1989, Lea 8. Febiger.l 

The location of the PICR is used to calculate the moment 
exerted by muscle fascicles on the lumbar spine.2 The 
degree of flexibility of the spine suggests that changes 
in the vertebral alignment may affect the location ofthe 
PICR and therefore affect the moments exerted by the 
different muscles. Such changes have not been reported, 
but the possibility exists. These changes may have im
portant clinical implications. 

The alteration in the action of the sternocleido
mastoid muscle from a cervical flexor (i.e., when the 
intrinsic neck flexors are contracting) to a cervical ex
tensor (i.e., when the intrinsic neck flexors are not con
tracting) is one example of how changes in the align
ment and stabilizing function of a synergistic muscle 
have important clinical consequences. An alteration in 
the PICR is associated with degeneration of the disks 
(Figure 3-13); this finding should be considered when de
veloping exercise programs for the patient with low 
back pain. As discussed in Chapter 2, the alteration in 
the PICR is associated with changes in the surface mo
tion of the two articulating segments, causing compres-

Flexion/ Lateral 
extension bending 

Cervical '~'g' 
Thoracic 

E~F 

Lumb",~ 

Axial 
rotation 

Approximate locations of instantaneous axes of rotation (IAR) in the 
three regions of the spine undergoing rotation in the three traditional 
planes. E, Approximate location of lARs in extending from neutral posi
tion; F, lARs in flexion from neutral position; L, lARs in left lateral bend
ing or left axial rotation; R, lARs in right lateral bending <left or right 
axial rotation). (From White AA III, Panjabi MM: Clinical biomechanics of 
the spine, Philadelphia, 1978, JB Lippincott.> 

sion or distraction to occur during the motion. Com
pression or distraction may be a source of continued 
trauma to the joint. In the presence of disk degenera
tion, the patient should be instructed to perform exer
cises that limit the motion of the spine, rather than pro
mote increased movement. 

Flexion: Forward Bending 
Normal 
Forward bending from a standing position is the motion 
that is most commonly used in daily activities. During 
the forward bending motion, the initial motion is the 
posterior sway of the pelvis as the hips flex, which al
lows the center of gravity to remain within the base of 
support. As the hips start to flex, the lumbar spine be
gins to reverse its inward curve and, on completion of 
the reversal of the lumbar curve, the rest of the motion 
is hip flexion. 

Woolsey and Norton have analyzed the studies in 
which the lumbar range of motion is measured with an 
inclinometer. 58 Based on their analysis, the mean range 
of motion of lumbar flexion is 56.6 degrees. 58 The 
lumbar spine should not complete more than 5()o,1, of its 
motion into flexion before hip flexion is initiated.4o At 
the completion of flexion there should be a straightening 
or flattening of the lumbar spine. The straight spine is 
described as flat rather than flexed.27 
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Changes in the location of the instantaneous axes of rotation in the lum
bar spine motion segment, with and without degenerative disk disease 
in ftexion (Jeft) and right lateral bending (righV. (From Rolander SD: 
Motion of the lumbar spine with special reference to the stabilizing 
effect of posterior fusion, Acta Orthap Scand 90: 1, 1966.J 

The final degrees of lumbar flexion is even more 
important than the range of motion of the lumbar spine. 
Studies using inclinometers positioned over 11 (with the 
appropriate subtraction of the number of degrees of hip 
flexion) indicate an average final flexed position be
tween 20 and 25 degrees.1O The final degree of lumbar 
flexion curvature is a more important value than the 
range of motion, because initial alignment is a major 
factor in the range-of-motion measurement. The range
of-motion value is based on the lumbar spine aligned at 
the starting position in approximately 20 to 30 degrees 
of extension. Consequently, when the range of motion is 
50 degrees, the lumbar spine reaches a maximum 
flexion curvature of 20 degrees. In the patient with a flat 
back, a lumbar alignment in standing of 0 degrees and 
the same total range of motion of 50 degrees are both 
dangerous. There are two important questions to ask. 

1. Is the lumbar spine reversing its curve and becom
ing flat? 

2. Is the lumbar spine flexing beyond the optimal 
anatomic limits and therefore excessively stretch
ing the posterior supporting tissues? 
In addition to the issues of total range of motion of 

the lumbar spine and maximal degree of lumbar flexion 
is the motion of each vertebral segment. White and Pan
jabi report the flexion-extension range between the ver
tebral segments is approximately 4 degrees in the upper 
thoracic spine, 6 degrees in the midthoracic spine, and 
12 degrees in the lower thoracic spine. The motion be
tween the vertebral segments in the upper lumbar spine 
is approximately 12 degrees, and then it increases ap
proximately 1 degree for each lower segment, reaching 
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Flexion-extension Lateral flexion Rotation 

A composite of representative values for type and range of motion at 
different levels of the spine. <Adapted from White AA III, Panjabi MM: 
Clinical biomechanics of the spine, Philadelphia, 1978, JB Lippincott.J 

the maximum range of motion of 20 degrees between 
L5 and S156 (Figure 3-14). 

In maximum flexion, the erector spinae muscles be
come inactive, and thus the stress is on the passive ele
ments of the muscles and ligaments. 14 Approximately 
20 minutes of stretching at the end of flexion increases 
the range by 5 degrees, which is attributed to the creep 
properties of the soft tissues. Approximately 50% of the 
original stiffness is recovered within 2 minutes after re
suming normal alignment. However, longer than 30 min
utes is required to recover the normal amount of soft
tissue stiffness.31 These findings support the concept 
that sustained positions can alter the properties of soft 
tissues and can become contributing factors to altered 
alignment. 

Impairments 
A final flexed position greater than 25 to 30 degrees is 
excessive lumbar flexion. Also considered an impair
ment is lumbar flexion greater than 50% of its total range 
before any amount of hip flexion is observed. Esola and 
associates report that subjects with low back pain move 
more in the lumbar spine than at the hips during the 30-
to 60-degree phase of forward bending.12 Another 
factor contributing to mechanical low back pain is the 
failure of all segments to maintain their contribution to 
motion. When failing to do so, the consequence of such 
failure is that the other segments move more than their 
optimal range of motion (Figure 3-15). Because of these 
compensatory motions, exercises must be carefully per
formed, ensuring against some segments becoming hy
permobile while others remain hypomobile. Based on 
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Ranges of sagittal plane translation for flexion-extension motion. 
Restricted motion at CS-6 is associated with excessive motion at C4-S. 
tv, Normal; P, Pathologic. (From Singer KP, Fitzgerald D, Milne N: Neck 
retraction exercises and cervical disk disease. In Singer KP, editor: 
Integrating approaches. Proceedings of the Eighth Biennial Conference 
of the Manipulative Physiotherapists Association of Australia, 1993, 
Perth Westem Australia.> 

the concept of relative flexibility, which proposes that 
the least stiff segment moves more readily than stiffer 
segments, developing a program that improves the mo
bility of restricted segments in the multisegmental spine 
is a challenge. Even when the stiffest segment is pas
sively moved, for that movement to occur during ac
tivity, the segment has to move as easily as the most flex
ible segment. Alignments at the end of the forward 
bending motion are illustrated in Figure 3-16. 

Typically, men tend to flex more readily in the 
lumbar spine, and women flex more easily in the hips. 
In a study by Thomas and associates,51 subjects in a 
standing position are asked to perform two reaching 
tasks using two different target heights. Men move more 
in the spine than in the hips (spineihip ratio is 1:20) and 
women move more in the hips than the spine (spinelhip 
ratio is 0:20). These ratios are not end-range motions, 
but they demonstrate that initial movement patterns 
vary and can be sex specific. The report of these move
ment patterns supports the belief that patients need to 
be retrained to move correctly and that these sites of 
movement are not determined by reaching the limits of 
a muscle's length. 

Return from Flexion 
Normal 
The return from forward bending can also be a factor in 
the patient's pain. As with forward bending, a variety of 
strategies are used. During the return from forward 
bending, ideally the initial part of the motion should be 
hip extension, and then both the hips and spine should 
concurrently continue their extension motions until the 
patient is in the upright position (see Figure 2-12). Be
cause the range of hip motion is 70 to 80 degrees and the 
range of the lumbar motion averages between 30 to 50 
degrees, the hips move more than the spine. The motions 
should be smooth and relatively concurrent versus con
secutive, other than during the initiation of the motion 
with hip extension. 

Impairments 
With the motion initiated at the lumbar spine or imme
diately after a short period of hip extension, the return 
from forward bending is an impairment found in some 
patients who have pain caused by extension (see Figure 
2-12). This type of motion increases the compressive 
forces on the spine.34 When a patient with low back pain 
demonstrates this type of motion, he or she often per
forms daily activities with only a few degrees of re
peated lumbar flexion and extension motions. The 
movements are confined to the lumbar spine instead of 
the hip joints, which should be the site of motion. 

Another type of impairment associated with the re
turn from forward bending is exaggerated forward sway 
of the hips and ankles, which reduces the load on the 
hip. This type of return from forward bending is pri
marily found in the individual with a swayback posture 
who has weak hip extensors. 

Extension 
Normal 
Extension of the lumbar spine is an increase in the an
terior curve. According to Kendall, the range is highly 
variable; consequently, a standard for reference mea
surement is difficult to establish.27 The reported value 
for the maximum lumbar extension curve is approxi
mately 50 degrees. 59 When considering functional activ
ities, there is not a demand for a large range of motion 
into extension. 

Impairments 
The problems arising from impairments of the lumbar 
spine stem more from excessive extension stresses that 
are focused on one or two spinal segments than from the 
lack of range of motion. The back extensor muscles, 
which restrain lumbar flexion, are located on the poste
rior aspect of the spine. In contrast, the abdominal mus
cles, which restrain lumbar extension, are located on 
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Examples of different alignments at the end of forward bending. A Body proportions of long trunk rela
tive to length of lower body. Hips shift backward, rang~f-hip flexion is limited, knees are slightly flexed and 
lower thoracic spine flexion is slightly excessive. This forward bending pattem is necessary to keep the center of 
gravity in the base of support. ~ Hips are shifted backward and knees are slightly flexed, which allows the cen
ter of gravity to remain centered in base of support even though the trunk is long. C; Normal hip flexion, lum
bar spine is flat. just reversing its curve, excessive thoracic flexion. D, Body proportions of short trunk relative to 
length of lower body cause normal hip flexion range of motion with slightly increased lumbar flexion. E, Marked 
backward shifting of hips with sway from ankle, limited hip and trunk flexion is demonstrated. This pattem is 
consistent with shortness of the gastrocnemius muscles and a stiff spine. F, Reversal of the lumbar curve so that 
the lumbar spine is flat with excessive thoracic flexion. G, Excessive hip flexion flexibility. 

the anterior surface of the abdomen. The location of the 
abdominal muscles is much further away from the site 
of the motion than that of the back extensor muscles. 
Studies on the spinal motion segment and the adjoining 
vertebrae and interposed disk have shown that the 
spinous processes, disks, and apophyseal joints are pri
mary restraints to hyperextension. 1 Hyperextension, 
like hyperfiexion, damages the interspinous ligaments 
and can cause sudden disk prolapse and long-term 
structural damage to the disks.l Although the anterior 
longitudinal ligament is not considered strong enough 
to resist large extension forces, 52 anatomically it should 
contribute to the prevention of an extension alignment 
of the lumbar spine. As the disks degenerate, the ante
rior longitudinal ligament is no longer pulled as taut as 
when the disks are at full height, thus compromising the 
extension restraint from this ligament. Spinal stenosis is 
relatively common in the individual older than the age 
of 65 and is another example of a problem associated 
with lumbar extension. Even without structural changes 
in the spine, extension movements significantly de
crease the central canal area and the midsagittal and 

sub articular sagittal diameters, whereas flexion has the 
opposite effect. 23 These findings support the concept 
of dynamic stenosis, in addition to the well-accepted 
concept of static stenosis caused by degenerative and 
hypertrophic structural changes. 

The repeated hyperextension performed by gym
nasts is cited as a cause of low back pain41,42 and 
spondylolysis.24 Active back extension, in particular, 
and, to a lesser extent, simultaneous shoulder and hip 
extension performed in the quadruped position cause 
high levels of compression forces.5 When the abdominal 
muscles are taut, limiting the excursion of the thoracic 
spine, the extension movement primarily occurs in the 
lower lumbar spinal segments rather than throughout 
all of the lumbar segments. 

Rotation 
Normal 
The overall range of lumbar rotation is calculated to be 
approximately 13 degrees. The rotation between each 
vertebral segment from T10 to L5 is 2 degrees. The 
greatest rotational range is between L5 and S1, which 
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is 5 degrees (see Figure 3-14). The vertical orientation 
in the transverse plane and the 45-degree angle orien
tation in the frontal plane of the facet joints are the rea
sons for limiting the rotational range in the lumbar 
spine. 56 In contrast, greater range of rotation at the lum
bosacral joint is possible because of the oblique orien
tation of its facet joints.30 The thoracic spine, not the 
lumbar spine, should be the site of the greatest amount 
of rotation of the trunk. When an individual practices 
rotational exercises, he or she should be directed to 
"think about the motion occurring in the area of the 
chest" and not the waist. 

Impairments 
Stiffness or shortness of the oblique abdominal muscles 
restricts the rotational motion (Figure 3-17). Some pa
tients with low back pain have asymmetry in the ap
pearance of the lumbar paraspinal muscles, which can 
be reliably detected if the side-by-side difference is 
1/2 inch or greater. 54 Asynunetry is attributed to either 
a postural rotation of the lumbar spine to one side or a 
greater bulk of the paraspinal muscles on one side. 
When differential muscle development causes the 
asynunetry, lateral flexion to the side opposite the larger 
muscle is more limited than lateral flexion toward the 

same side. The reason for this asymmetry in motion is 
the greater stiffness of the larger muscle. If the 
paraspinal asynunetry is the result of postural rotation, 
the lateral flexion movement pattern is restricted range 
of motion to the same side as the asymmetry and normal 
range of motion to the opposite side. 

Studies by Pearcy show that the greatest amount of 
rotation occurs when an individual is in a sitting position 
and the lumbar spine is flexed and the supporting tissues 
are relaxed.43,44 Rotational ranges of 31f2 degrees have 
been shown to tear the annulus of the disk. 43,44 Based on 
clinical observations, one of the greatest contributors to 
excessive rotation of the lumbar spine is repetitive rota
tional motion while sitting at a desk. Many individuals ro
tate the trunk to get to a computer, to answer the tele
phone, to open file drawers, or to reach an adjacent 
counter. In the sitting position the lumbosacral junction 
is most vulnerable to repeated stretching by the rota
tional activities. Sports, such as golf, racquetball, and 
squash, are the most common contributors to excessive 
rotation of the lumbar spine, particularly because the 
feet are planted during the motion. Tennis and volleyball 
do not contribute as much to rotational problems be
cause the feet are not fixed at the time of rotation and 
the whole body is used in the follow-through motion. 

Shortness of the abdominal muscles, the external oblique muscles on one side, and the internal oblique 
muscles on the other side limit the range of motion of trunk rotation. The asymmetry and the subcostal 
angle are demonstrated. 



Rotation of the pelvis precipitating rotation at the 
lumbosacraljoints is another factor. When muscles such 
as the tensor fascia lata (TFL) or other hip flexors be
come short, the restraint for hip extension imposed by 
these muscles often causes compensatory pelvic rota
tion during the stance phase of gait. The rotation of the 
pelvis causes motion to occur at the lumbosacral junc
tion and not throughout the thoracic spine, as should 
occur during gait. Unilateral shortness of the TFL 
muscle can be a particularly important contributor to ex
cessive pelvic rotation because of its hip medial rotation 
and flexion action. When the TFL is short, it can act as 
a major source of restraint to both hip extension and lat
eral rotation during the stance phase of gait. 

lateral Flexion or Side Bending 
Normal 
The range of motion of lateral flexion or side-bending 
range is reported to be greatest (8 to 9 degrees) in the 
lower thoracic segments because they are not restricted 
by the ribs. The average degrees oflateral flexion for the 
other thoracic segments and for the lumbar vertebrae is 
6, except for the lumbosacral segment, which has only 
3 degrees of lateral flexion. 56 Lateral flexion is associ
ated with rotation of the lumbar vertebrae toward the 
convexity of the curve. With lateral flexion occurring to 
the right, the rotation of the lumbar vertebrae is to the 
left. In the thoracic spine, the coupled motion causes ro
tation of the vertebrae toward the side of the con
cavity.57 Based on 6 degrees of motion at each lumbar 
segment, the total motion from LI to SI is 27 degrees. 
Although limited by the ribs, the thoracic lateral flexion 
has a potential greater than 75 degrees, depending on 
the number of vertebral segments of the thoracic spine, 
participating in the motion. 

The greater excursion of the thoracic spine com
pared with the lumbar spine raises the question of the 
usefulness of the assessment in which the excursion of 
the fingers along the side of the leg is used as an indica
tion of lumbar lateral flexion motion. Because more 
than three fourths ofthe motion originates from the tho
racic spine, it seems questionable to assume that any lim
itation of motion is secondary to restriction of the 
lumbar spine. What may be more useful than the excur
sion of the hand are observations of the shape of the 
curve and the axis of motion of the lumbar spine. During 
an optimal pattern of lateral flexion, the lumbar spinal 
segments bend and form a smooth curve. 

Impairments 
Because the motions of rotation and lateral flexion are 
coupled, impairments of the alignment or the motion of 
one of these movements affects the other. For example, 
if the lumbar spine is malaligned causing it to be rotated 
to one side, lateral flexion to that side is limited. If the 
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spine rotates to the right posturally, the lateral flexion 
motion is limited because the spine is unable to rotate to 
the left as necessary for the side-bending motion. In con
trast, lateral flexion to the left is performed without re
striction because the spine is already rotated to the right. 

Another sign of lateral flexion impairment is evi
dent when, during the motion, the lumbar spine appears 
straight with an axis of rotation at only one segment 
rather than a relatively smooth curve throughout the en
tire lumbar spine. Most often this type of motion occurs 
at the lower lumbar segments in the individual who has 
well-developed lumbar paraspinal muscles. One expla
nation is that the stiffness of the hypertrophied para
spinal muscles restricts the excursion of these muscles; 
consequently, motion occurs at the interface ofthe mus
culotendinous junction, which is at approximately 14-5 
and S1. Support of this hypothesis is found when resis
tance is applied to the lateral trunk at the level of the 
lower lumbar segments on the side to which the lateral 
flexion is performed. With support preventing the mo
tion at the lowest lumbar segments, the lumbar spine 
demonstrates a lateral curve rather than a straight line. 
The explanation is that the paraspinal muscles are 
stiffer than the musculotendinous junction. Rather than 
allow the motion to occur at the site of least resistance, 
blocking this site forces the paraspinal muscles to 
stretch, allowing motion to occur at the other lumbar 
segments (Figure 3-18, A and B). Some patients are un
able to flex laterally when motion is prevented at the 
lumbosacral junction (Figure 3-18, C-F). 

Translation Motion 
Normal 
Translation occurs as part of the complex motions of 
the spine that accompany flexion, extension, rotation, 
and lateral flexion. As with rotation motions, translation 
motions involve shear forces, which are often the most 
damaging to tissues. 

Impairments 
Instabilities are most often associated with impairments 
of translation motions. Spondylolisthesis, which is a for
ward slipping of one vertebra in relation to another, is 
an exaggeration of translation motion in the sagittal 
plane. Anterior shear forces that are generated by the 
psoas muscle contribute to excessive translation motion 
of the vertebrae. Excessive translation motion con
tributes to spinal stenosis. 

Compression 
Although compression is not a motion of the lumbar 
spine, compression forces are altered by muscle posi
tion and contraction, as well as during changes in posi
tion and during activities such as carrying objects. 
When the disk is normal, the vertebral body or endplate 
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The effect of stiffness or shortness of the paraspinal muscles on 
the range and pattern of lateral flexion of the trunk. A, Young 
man with well-developed erector spinae muscles is shown. When side 
bending, the axis of motion is at the low lumbar spine at the level of the 
iliac crest. B, When the therapist provides stabilization on the lateral side 
of the thorax at the level of the iliac crest during side bending, the 
entire lumbar spine appears to have a smooth curve. The change in the 
curve indicates that the erector spinae are stiff but not short. Movement 
at the lowest lumbar segment is because this path offers the least resis
tance for lateral flexion. C; Young woman with low back pain is depict
ed. When side bending to the left, the motion is restricted to the lumbar 
spine at the level of the iliac crest. The rest of her spine remains straight. 
0 , When stabilized at the level of the iliac crest, subject is unable to side 
bend, indicating that her erector spinae muscles are short. E, The same 
woman 4 months later no longer has back pain as long as she is care
ful. Side bending is still characterized by movement at the lowest lum
bar segment and now occurs primarily in the thoracic spine. F, When 
stabilized the subject is able to side bend by moving the thoracic rather 
than the lumbar spine. She can also move in the thoracic spine without 
lumbar spine stabilization. By limiting her motion to the thoracic spine, 
the subject eliminates the back pain. 

will fracture before the disk is damaged ll ; however, 
when the disk is degenerated or damaged, compression 
is an important contributing factor to the patient's symp
toms. For example, a patient may have radiating symp
toms when sitting but not when recumbent, standing, or 
walking. Further, when he or she sits in lumbar exten
sion, the symptoms are often eliminated. Sitting with an 
increased curve decreases the compression on the disk 
because part of the force is distributed to the facet 
joints (Figure 3-19). The facet joints share 30% of the 
total load when the spine is hyperextended.28 Compres
sion is less when the patient is recumbent, standing, and 
walking than when sitting. Walking at a fast rate can in
crease the compressive load to 2.5 times the body weight 
on the spine at L3-4, whereas walking at a slow rate 
keeps the compressive load close to body weight. 6 

Summary 
The alignment of the spine affects the forces on the 
spine and the degree of muscular activity. The move
ments of the spine are complex and multidirectional, 
even when motion seems to be occurring in a specific 
direction. Because movements ofthe spine involve mul
tiple segments, it becomes difficult to both assess the 
dysfunction and develop exercise programs that will en
sure optimal participation of each segment in the mo
tion. As stated by Nordin, "Restriction of motion of one 
part ofthe spine causes increased motion of another part 
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Change in pressure on the lumbar spine in different sitting positions. 
A, Backrest inclination is 90 degrees, and disk pressure is at a maxi
mum. B, Lumbar support decreased disk pressure. C; Backward inclina
tion of the backrest to 110 degrees but with no lumbar support pro
duces less disk pressure. 0, Lumbar support with this degree of backrest 
inclination further decreases the pressure. E, Shifting the support to the 
thoracic region pushes the upper body forward, moving the lumbar 
spine toward kyphosis and increasing disk pressure. <Adapted from 
Andersson GBJ, Ortengren R, Nachemson A. Elfstrom C: Lumbar disc 
pressure and myoelectric back muscle activity during sitting. I. Studies 
on an experimental chair, ScandJ Rehab Med 6: 1 04, 1974.l 



of the spine. " 39 It is difficult to develop exercise pro
grams that will provide stability of the spine, prevent 
compensatory motions, and improve the strength and 
control of the trunk musculature without causing unde
sirable compressive or shear forces or without con
tributing to malalignment of the spine. Correction of 
subtle malalignments, compensatory motions, or stress 
imposed on the spine, particularly when localized to a 
few segments by daily activities, is the key to remedia
tion of mechanical low back pain. Therefore the thera
pist must become proficient at observing the subtle de
viations in movement patterns at specific segments and 
must not simply focus on overall excursions of motion. 

MUi1cu[ar Actioni1 of the Lumbar Spine 

Back Muscles 
Latissimus Dorsi 
The latissimus dorsi is the most superficial of the back 
muscles and has a broad attachment through the 
thoracolumbar fascia from the lower six thoracic 
spinous processes, all of the lumbar spinous processes 
and sacrum, and the iliac crest. The fibers then converge 
superiorly and laterally to attach to the humerus (Figure 
3-20). The thoracolumbar fascial attachment of the latis
simus dorsi muscle provides the mechanism for this 

Trapezius m. ---------....----::~ 

Deltoid m. ---------,!.#_ 

Teres major m. --------I-.. ~ 
Triangle for auscultation -----';.N,,......;. 

Latissimus dorsi m. ----+;.--f7.r!i--

level 
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muscle to affect the lumbopelvic alignment. Contraction 
of the latissimus dorsi muscle creates an extension force 
on the spine and tilts the pelvis anteriorly. If the muscle 
is short, the back extends as a compensatory movement 
when shoulder flexion stretches the muscle to the limits 
of its length. Consistent with the concept of relative flex
ibility' if the latissimus dorsi is stiffer than the abdom
inal muscles, which limit lumbar extension, the back ex
tends when the latissimus dorsi stretches, even when the 
muscle is not short. In the patient with low back pain 
that occurs with extension, the shortness or stiffness of 
this muscle contributes to pain when he or she reaches 
overhead. 

Erector Spinae 
The muscles that make up the erector spinae group are 
the iliocostalis, which is situated the most lateral, the 
longissimus, and the spinalis, which is situated the most 
medial of the group (Figure 3-21). Bogduk and Macin
tosh provide useful insights into the actions of the 
erector spinae muscles. Their studies describe the su
perficial and deep divisions of this group, and they pro
vide a detailed analysis of the variations in forces gen
erated by these two divisions.2 

S UPERFICIAL GROUP. The lateral iliocostalis muscles 
and the medial longissimus group make up the superfi
cial division. These muscles attach to the thora-

.Mt-------- Splenius capitis m. 

~~::------ Levator scapula 

~~,......;-.....:~-- Rhomboid minor m. 

.1Irft ..... ~\--- Infraspinatus m. 

Rhomboid major m. 

we--+t-- Serratus posterior inferior m. 

Superficial back muscles. On the left are the more superficial back muscles, including latissimus dorsi and 
trapezius muscles. On the right, slightly deeper muscles are found, including the serratus posterior inferior 
and oblique muscles of the abdominal wall. (From Mathers et al : Clinical anatomy principles, St Louis, 1996, 
Mosby,) 
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columbar fascia and insert cranially into the ribs. As dis
cussed by Porterfield and DeRosa, the muscle bulk of 
these superficial erector spinae muscles is lateral to the 
spinous processes and is found only in the mid-to-upper 
lumbar spine.46 The superficial group runs superiorly 
and posteriorly from the pelvis to the ribs. Therefore 
they are pulled taut when the pelvis tilts anteriorly or 
when the spine shifts backward or rotates to the same 
side. These muscles have an optimal lever arm for pro
ducing extension of the lumbar spine, even though they 
do not attach to the lumbar spine. According to the 
study by Bogduk, between 40% and 80% of the total 
extensor moment on the lumbar spine is exerted by the 
superficial fibers of the iliocostalis and longissimus 
muscles, whose fibers attach at the thoracic level and 
only to the erector spinae aponeurosis. More specifi
cally, the thoracic erector spinae muscles contribute 
50% of the extensor moment, influencing 14-5, and 70% 

",.--+---- Semispinalis capitis m. 

-M---- Splenius capitis m. 
IUI'/~----- Longissimus capitis m. 

:-'!I~~-- Spinalis m. group 

,JJI .. ..,...,.~H-- Longissimus m. group 

e----- Iliocostalis m. group 

The large longitudinal set of muscles of the back, located between the 
midline and angles of ribs, are the erector spinae. (From Mathers et al: 
Clinical anatomy prindples. St Louis, 1996, Mosby'> 

to 80% of the extensor moment affects the upper lumbar 
spine.2 Contraction of these muscles also produces an
terior pelvic tilt. 

DEEP GROUP. The deep division originates from the 
ilium and deep surface of the thoracolumbar fascia, and 
it inserts into the transverse processes of the lower 
lumbar vertebrae. The course of the muscle fibers is su
perior, medial, and anterior; as a result, the major forces 
produced by contracting the deep group is compression 
and posterior shear or, perhaps more accurately, the pre
vention of anterior shear (Figure 3-22). Because the bel
lies of these muscles lay close to the spinous processes, 
they can be palpated through the thoracolumbar fascia. 
Tension in these muscles is important in counterbal
ancing the anterior shear forces generated by the ilio
psoas muscles or the translation motion during activi
ties such as forward bending.46 According to Bogduk, 
when the patient is in the upright posture, the lumbar 
back extensors produce a posterior shear on Ll-4 and 
an anterior shear on L5.2 Bogduk believes that exten
sion exercises performed in any position can be inju
rious when compression contributes to the patient's 
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Posterior shear 

Line of pull is caused by the orientation of the deep erector spinae 
muscle. Since it attaches close to the axis of lumbar motion, it provides 
a dynamic posterior shear force and a compression force. (From 
Porterfield JA, Derosa C: Mechanical low back pain: perspectives in 
functional anatomy, Philadelphia, 1998, WB Saunders.> 
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condition and particularly when translatory instability 
of the lumbar spine is present. Based on Bogduk's 
studies, McGill also advises against extension motions 
performed at the end of the range.34 

Multifidus 
Although the multifidus is classified as a transver
sospinal muscle, its designation does not consider the 
fact that it originates from the dorsal surface of the 
sacrum, the sacrotuberous ligament, the erector spinae 
aponeurosis, the posterior superior iliac spine, and the 
posterior sacroiliac ligaments (Figure 3-23). The mul
tifidus muscle covers the surface of sacrum and then 
runs superiorly and medially to attach to the spinous 
processes of the sacral and lumbar vertebrae. The mul
tifidus fills the channels between the sacrum and ilium 
and between the lumbar spinous and transverse pro
cesses.46 Thus when there is prominence of soft tissue 
along the paraspinal area, it is primarily the muscle bulk 
of the multifidus. The normal bulk of this muscle makes 
it virtually impossible to palpate the transverse pro
cesses of the lumbar vertebrae. 

Because of its attachment to the spinous pro
cesses, the multifidus has a longer lever arm for pro
ducing extension than do the erector spinae muscles 
that attach to the transverse processes. The most im
portant action of the multifidus is controlling the flexion 
and anterior shear of the spine during forward bending 
via its eccentric contraction. The multifidus is not an 
important contributor to rotation, but its activity during 
rotation counterbalances the flexion forces generated 
by the abdominal muscles, which are the primary rota
tors of the trunk. 46 Similar to other back extensor mus
cles, the multifidus exerts a compressive force on the 
lumbar spine, which contributes to the stability of the 
spine. Hide and colleagues report that the patient who, 
after the first episode of unilateral low back pain, has 
atrophy of the multifidus on the symptomatic side re
quires a program of exercises designed to recover 
muscle bulk. 19 When compression contributes to pa
tient's symptoms, contraction of the back extensors ac
centuates the problem. 

Interspinales and Intertransversarii 
As suggested by their names, the interspinales and in
tertransversarii are small muscles that run between the 
spinous and transverse processes of the vertebrae. The 
interspinales are believed to contribute to extension, 
and the intertransversarii affect extension and lateral 
flexion. Because these muscles are small, their contri
butions to these motions are limited. Of greater signifi
cance is the proprioceptive role of these muscles, which 
have four to seven times the number of muscle spindles 
as the multifidus.38 

Quadratus Lumborum 
Although the quadratus lumborum muscle (Figure 3-24) 
is significantly smaller than the back extensors, its at
tachments suggest that the quadratus lumborum plays 
an important role in lumbopelvic motion, especially in 
stabilizing the spine-a belief that is shared by McGill.32 

One portion of the quadratus attaches to both the iliac 
crest and transverse processes, whereas another por
tion runs from the iliac crest to the ribs. The quadratus 
lumborum is optimally situated to provide control oflat-

Multifidus 
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semispinalis ------:: 
muscles 

Short rotator m. 

Multifidus m. 

Transversospinal muscles. Deep to erector spinae is the transverso
spinal group of muscles. (From Mathers et al: Clinical anatomy principles, 
St Louis, 1996, Mosby.> 
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eral flexion to the contralateral side via its eccentric con
traction and to provide control of the return from lateral 
flexion via its concentric contraction. The muscle is also 
positioned to playa role in the rotation that occurs be
tween the pelvis and spine during walking. 

Iliopsoas 
The iliopsoas muscle originates on the anterior surfaces 
of the transverse processes of all the lumbar vertebrae, 
the sides of the vertebral bodies, and the intervertebral 
disks of the last thoracic and all lumbar vertebrae27 (see 
Figure 3-24). The action of the iliopsoas is to flex the hip. 
When the proximal attachments are stabilized, the thigh 
is moved to the chest. When the distal attachment is 
fixed, the hip is flexed by moving the spine and pelvis to
ward the thigh. Based on his anatomic studies, Bogduk 
does not believe the attachment of the psoas muscle has 
a long enough lever to act as a prime flexor of the lumbar 
spine. His analysis indicates that in the erect posture the 
psoas exerts an extensor moment on the upper lumbar 
spine and a flexor moment on the lower segments. These 
moments are exaggerated when the spine is extended, 
whereas all moments on the lumbar segments tend to be 
flexion when the spine is flexed. 3 The forces that have 
substantial magnitude are those of anterior shear and 
compression.3 

Studies by Santaguida show that the psoas can flex 
laterally and, by compression, stabilize the lumbar 
spine.48 Juker and colleagues' electromyographic (EMG) 
studies of the iliopsoas and abdominal muscles during a 
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Iliopsoas muscle. The iliacus and psoas major have different origins 
but unite distally to form a common insertion into the lesser trochanter 
of the femur. (From Mathers et al: Clinical anatomy principles, 5t Louis, 
1996, Mosby'> 

variety of exercises provide useful information to guide 
the development of programs for the patient with low 
back dysfunction. Among the important points of the 
study are the following: 

1. The iliopsoas participates as strongly during sit-up 
exercises performed with the hips and knees 
flexed as when they are extended. 

2. The psoas muscle is activated during push-up exer
cises, but abdominal muscular activity is minimal. 

3. The rectus abdominis muscle is more strongly 
activated than the oblique muscles during curl-up 
exercises. 

4. Maximum activity of the psoas occurs with resist
ed hip flexion. 

5. Cross-curl exercises activate the oblique muscles 
only slightly and not significantly more than curl
up exercises do.25 

The clinical implications of these studies are to min
imize iliopsoas activity in the exercise program when 
compression and anterior shear are the sources of the 
patient's pain. Compression and anterior shear also 
need to be minimized when extension is the cause of 
pain. The patient must be taught to alter significantly 
their daily activities. Considerations include teaching 
the patient to (1) slide the lower extremity by pushing 
the foot along the bed and not lifting the lower extremity 
off the bed when supine, (2) roll without lifting the lower 
extremity, (3) use the hand to flex the hip passively when 
side lying, and (4) use the hand to lift the lower extremity 
when getting into a car. Any exercise that uses the hip 
flexors should be avoided. Juker's studies also indicate 
that there is activity of the psoas muscle when the pa
tient sits without support.25 

Many patients prefer to lie supine with the hips and 
knees supported in the flexed position (Figure 3-25). 
This position is consistent with a reduction of compres
sion and anterior shear forces exerted by the psoas 
muscle and thus reduces symptoms. The straight-leg 
raise used for nerve tension signs is also affected by il
iopsoas activity. When a patient tests positive for nerve 
tension when contracting his or her hip flexor muscles, 
the symptoms are often alleviated once the therapist 
supports the weight of the patient's lower extremity 
while instructing the patient to totally relax his or her 
musculature. This finding suggests that the problem is 
the effect of shear or compression on the spine and not 
a true entrapment of the nerve. Even in the quadruped 
position when rocking backward toward the heels, con
traction of the hip flexor muscles can contribute to 
symptoms. This becomes evident when the patient is in
structed to rock backward by pushing with his or her 
hands rather than by flexing the hips. With this change 
in the production of the movement, symptoms are di
minished or alleviated. 
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In summary, any stress created by the iliopsoas 
muscle, even with minimal activity, can be an important 
contributor to the symptoms of the patient with low 
back dysfunction. Therefore the therapist needs to ex
amine carefully the contribution that the activity or the 
stretch of this muscle is having on patient's symptoms 
and provide appropriate instruction to counteract the 
effects of psoas activity by abdominal contraction or 
recommend changes in the movement patterns. 

Abdominal Muscles 
Strengthening the abdominal muscles has interested 
the general public and those involved in rehabilitation. 
This interest is attributable, in part, to the appearance 
of the sought-after flat abdomen and, in part, to what 
is assumed to be protection of the spine. However, 
many people with strong abdominal muscles develop 
back pain with an over-zealous approach. Often the 
programs designed to strengthen abdominal muscles 
will, in fact, contribute to muscle imbalances and pain 
syndromes. The most important aspect of abdominal 
muscle performance is obtaining the control that is 
necessary to (1) appropriately stabilize the spine, 
(2) maintain optimal alignment and movement rela
tionships between the pelvis and spine, and (3) prevent 
excessive stress and compensatory motions of the 
pelvis during movements of the extremities. In fact, 
Cholewicki and others report that only 2% to 3% of 
maximum voluntary activity of the abdominal muscles 
is necessary for stabilizing the spine during upright un
loaded tasks. 7 Thus the selection and instruction of ab-

A 

B 

A When a person assumes a supine position with legs straight, the pull 
of the vertebral portion of the psoas muscle produces anterior shear and 
compressive forces on the lumbar spine. B, When the hips and knees 
are bent and supported, the psoas muscle relaxes and the loads on the 
lumbar spine decrease. <Modified from Nordin M, Frankel VH: Basic 
biomechanics of the musculoskeletal system, 2 ed, Philadelphia, 1989, 
Lea 8. Febiger.l 
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dominal exercises for a patient with low back pain has 
to be based on an examination that not only assesses 
strength but also identifies the control that is needed and 
the direction and type of stresses that are contributing 
to the patient's symptoms. 

Because of wide promotion in the media, many in
dividuals perform various forms of curl (crunches), 
cross-curl (diagonal crunches), and sit-up exercises 
with the consequence of the rectus abdominis becoming 
the dominant abdominal muscle. The study by Juker 
and colleagues indicates that there is a greater per
centage of rectus abdominis activity (68%) during the 
performance of sit-ups than there is external oblique ac
tivity (19%) or internal oblique activity (14%).25 The dom
inance of the rectus abdominis often compromises the 
participation of the oblique abdominal muscles, partic
ularly the external oblique. The primary disadvantage of 
improving the performance ofthe rectus abdominis and 
not the oblique muscles is that the rectus cannot pro
duce or prevent rotation, and shortness or stiffness 
contributes to a thoracic kyphosis. 

Although the EMG values reported by Juker sug
gest that the activity of external and internal oblique 
muscles are comparable during the sit-up, this study 
does not address the relative participation of these mus
cles during the different phases of the exercise. The 
anatomic arrangement of the muscles suggests that the 
internal oblique is the most active during the trunk-curl 
phase. The external oblique, though active, does not 
contribute to the actual trunk curl; rather, it contributes 
more to maintaining posterior pelvic tilt associated 
with the sit-up phase. 

External Oblique 
The origin of the anterior fibers of the external oblique 
is the external surface of ribs five through eight, and it 
inserts into the aponeurosis that terminates as the linea 
alba. The origin of the lateral fibers is the external sur
faces of ribs nine through twelve; and the insertion is 
into the inguinal ligament, into the anterior superior iliac 
spine and pubic tubercle, and into the anterior half of 
the iliac crest (Figure 3-26). Consistent with the other 
abdominal muscles, the external obliques (lateral 
fibers), when acting bilaterally, flex the lumbar spine. 
The origin of this muscle from the rib cage and its in
sertion into the pelvis are consistent with the most ef
fective action of this muscle, that is, the posterior tilt of 
the pelvis. As discussed by Kendall and colleagues, the 
external oblique is referred to as a lower abdominal 
muscle because its angle of pull controls the lower half 
of the body by tilting the pelvis posteriorly.27 Acting with 
the contralateral internal oblique muscle, the external 
oblique produces rotation of the trunk. The lateral fibers 
can also tilt the pelvis laterally. 
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The abdominal muscles consist of the extemal obliques, which originate 
on the rib cage and insert into the pelvis and the aponeurosis of the 
rectus abdominis. The intemal oblique muscles, whose fibers run per
pendicular to the external obliques, originate on the pelvis and insert 
into the rib cage and the aponeurosis of the rectus abdominis. The rec
tus abdominis originates on the pelvis and inserts into the sternum. 
Deep to these muscles is the transversus muscle, whose fibers, as indi
cated by the name, run horizontally around the trunk. (From Jenkins 
DB: Hollinshead's functional anatomy of the limbs and back, 6 ed, 
Philadelphia, 1991, WB Saunders.> 

During most daily activities, the primary role of the 
abdominal muscles is to provide isometric support and 
limit the degree of rotation of the trunk, which, as dis
cussed, is restricted in the lumbar spine. A large per
centage of low back problems occur because the ab
dominal muscles are not maintaining tight control over 
the rotation between the pelvis and the spine at the L5-81 
segment. Further, they are not preventing excessive an
terior tilt of the pelvis or spine during activities that in
volve lower extremity musculature. In contrast, exces
sive abdominal muscle activity, shortness, or stiffness 
contributes to posterior pelvic tilt and lumbar flexion. 

Because the external oblique muscle controls or 
prevents anterior pelvic tilt, as well as pelvic rotation 
when it acts with the contralateral internal oblique to 
control lateral pelvic tilt, an appropriate form of exer
cise is to challenge this control by moving the extremi
ties. Before recommending an exercise that requires a 
strong contraction of the hip flexor muscles, the patient 
with low back pain should be able to lie supine with the 
hips and knees extended without symptoms. A reason
able hypothesis is that the anterior tilt of the pelvis, the 
extension of the spine, the anterior shear, or the com
pression associated with the hip flexor pull is the source 
of the pain; and this pull should be minimized. The ab
dominal muscles are the source to counteract this pull, 
but the program needs to be progressive, enabling ab
dominal muscular activity to prevent the alignment 
change or to control the stress that is inducing the symp
toms. The exercise recommendations discussed in 
Chapter 7 outline a progressive program designed to im-

prove the performance of the external oblique muscle 
without excessive use of the hip flexors. Two important 
exercises for the patient with pain associated with 
lumbar extension are the following: 

1. With the patient in the supine position with one 
hip and knee flexed, he or she slides the opposite 
extremity into extension and then extends the 
other lower extremity so that both lower extremi
ties are extended. 

2. With the patient in the standing position with the 
low back flat against the wall and with the hips 
and knees flexed, he or she tightens the external 
oblique muscles and then straightens the hips and 
knees while keeping the back flat. 
The frequent performance of isometric contraction 

of the external oblique muscles while standing is an un
dervalued exercise that is effective and convenient. The 
trunk-curl and sit-up exercises are not effective exer
cises for the external oblique muscle. They enhance the 
participation of the rectus abdominis and internal 
oblique muscles, which interferes with the performance 
of the external oblique. 

Another exercise that improves the performance of 
the lateral fibers of the oblique muscle is hip abduction 
in the side-lying position. The contraction of the hip ab
ductors tilts the pelvis in a downward lateral direction, 
and the lateral abdominal muscles counteract the tilt. 
The patient must not abduct the contralateral hip for 
control of the pelvis to optimize the use ofthe lateral ab
dominal muscles. The interdigitation of the origin of the 
external oblique with the origins of the serratus anterior 
and latissimus dorsi muscles provides another avenue 
for inducing activity in the external oblique muscles. The 
patient performs upper extremity movements involving 
these muscles. The study by Juker and associates25 

shows that external oblique activity is greater during a 
push up, which requires activity in the serratus anterior 
and latissimus dorsi muscles, than it is with the curl ex
ercise. Thus any resistive exercise that requires strong 
latissimus dorsi or serratus anterior activity is also a 
means to improve the isometric control provided by the 
external oblique muscles. 

Based on clinical observations, the external oblique 
muscles are found to be weak more often in women than 
in men, which is consistent with the differences in body 
builds of men and women. Typically, men have broader 
shoulders and proportionately smaller lower extremi
ties, whereas women have smaller upper bodies and 
proportionately larger lower extremities. Therefore 
greater demands are made on the external oblique mus
cles to control pelvic tilt in women than in men. 

One sign of external oblique muscular weakness is 
a wide, greater than 90-degree, infrasternal angle. 
Zoeller and associates found the angle to be 83 degrees.60 
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The medial caudal oblique direction of the muscle fibers 
narrows the infrasternal angle when the muscle con
tracts. When the angle is excessively wide, the muscle 
may be stretched and lack normal stiffness. In contrast, 
when the infrasternal angle is markedly narrow, the ex
ternal oblique muscle may be too short. To differentiate 
whether the angle is narrow because of structural vari
ation rather than muscle shortness, the patient is in
structed to flex the shoulders as far as possible and then 
take a deep breath. If there is no increase in the in
frasternal angle, the muscle is likely to be too short. 

Internal Oblique 
The lower anterior fibers of the internal oblique muscles 
originate from the inguinal ligament and iliac crest near 
the anterior superior iliac spine, and they run trans
versely to insert into the crest of the pubis and linea 
alba. The upper anterior fibers originate from the ante
rior one third of the intermediate line of the iliac crest 
and run obliquely in a medial-oriented direction and up
ward to insert into the linea alba. The lateral fibers of the 
internal oblique originate from the middle one third of 
the intermediate line of the iliac crest and thora
columbar fascia. They run in an oblique direction up
wardly and medially to insert into the inferior borders 
of the lower three ribs and linea alba.27 The anterior 
fibers support and compress the abdominal viscera and 
flex the vertebral column. Acting with the contralateral 
external oblique, the anterior fibers rotate the vertebral 
column. The lateral fibers flex the vertebral column and 
depress the thorax. Acting with the ipsilateral external 
oblique muscle, the lateral fibers flex the vertebral 
column laterally. Acting with the contralateral external 
oblique, they rotate the vertebral column.27 

The internal oblique muscles are referred to as the 
upper abdominal muscles because of the direction of 
their line of pull, which is consistent with their most ef
fective action, that is, the flexion ofthe upper half ofthe 
body. The trunk-curl exercise places greater demands 
on the internal oblique than on the external oblique. Be
cause those teaching fitness frequently promote this ex
ercise, the most common imbalance encountered in the 
individual who has performed abdominal exercises is an 
over development of the internal oblique and rectus ab
dominis muscles. A wide infrasternal angle may be the 
result of shortness of the internal oblique abdominal 
muscle. 

Trunk-Curl Sit-Up Exercise 
Recommending abdominal exercises that involve trunk 
flexion is too often a choice between an exercise that 
can be safely performed and one that is an optimal ex
ercise for improving muscle performance. The safest 
trunk flexion exercise is the trunk curl with hips and 
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knees flexed, especially for the individual who is partic
ipating in a class, who is not examined individually by a 
physical therapist, and who is not individually in
structed. This recommendation is based on the belief 
that there is less chance of injury performing this exer
cise than there is with hip flexor muscular contraction 
without adequate counterbalancing abdominal mus
cular activity. Recommending and teaching the best ex
ercise requires professional examination and instruc
tion. An individual who performs a trunk-curl sit-up 
must be able to maintain the curl as he or she attempts 
to perform the sit-up component, which requires con
traction of the hip flexors. Not only does the trunk curl 
sit-up require the abdominal muscles to maintain the 
trunk curl, but it also requires them to maintain the pos
terior pelvic tilt. The greatest demands are made on the 
abdominal muscles when the hip flexor action is initi
ated during the latter phase of the trunk curl at the start 
of hip flexion-the sit-up. Therefore limiting the exer
cise to the curl does not require maximum performance 
from the internal oblique muscle. 

Kendall provides an excellent detailed analysis of 
the differences in performing the trunk-curl sit-up with 
the hips and knees extended versus the hips and knees 
flexed. 27 The study of Juker and associates38 supports 
Kendall's assertion that the bent-knee sit-up does not 
eliminate iliopsoas activity. Because of the compression 
and anterior shear forces associated with contraction of 
the psoas muscle, proper determination of this exercise 
and proper instruction in exercise technique are essen
tial to prevent injury to the spine. The most common 
error made in general instruction in the trunk curl is not 
matching the client's level of strength with the appro
priate level of demand made by the exercise. Unfortu
nately, the prevailing belief is to instruct the client to 
perform the exercise at the hardest level at the begin
ning of the exercise program. Commercial promotions 
often demonstrate performance with the hands placed 
behind the head, which is the hardest level because the 
center of gravity is more superior than when the arms 
are at the sides or in front of the body. Placing the hands 
behind the head is also potentially dangerous, if the in
dividual pulls or rotates the head too strongly, injuring 
the cervical spine or cervical arteries. 

To design an optimal and safe exercise program 
that includes trunk-curl sit-ups, the following compo
nents should be assessed carefully: 

1. How far can the patient curl? What is the passive 
flexibility of the patient's spine? Some individuals 
have stiff spines, others have flexible spines, and 
others fall between the two extremes. To determine 
the available range, the patient is placed in the 
supine position and the therapist passively curls the 
trunk to the point where the hips begin to flex. 
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2. Are the hip flexors short, and particularly is the 
iliopsoas muscle short? When the length of the hip 
flexor muscle does not allow enough posterior 
pelvic tilt to flatten the lumbar spine, the lumbar 
spine will remain in an inward curve, which con
tributes to the anterior shear forces on the lumbar 
vertebrae when the psoas muscle contracts. 

3. When the patient initiates the trunk curl, does 
the pelvis tilt posteriorly? When the hip flexors 
are short, the pelvis is not able to tilt posteriorly. 
In another scenario, when the patient initiates 
the action with the hip flexors rather than with 
the abdominal muscles, the pelvis will not tilt 
posteriorly. 

4. Can the patient curl to the limit of his or her spinal 
flexibility at the easiest level of the exercise, 
which is with the shoulders flexed and the elbows 
extended so that the arms are positioned in front 
of the thorax? 

5. Does the patient curl to the same degree of trunk 
flexion when the level of the exercise is made more 
difficult by (a) folding the arms on the chest, and 
(b) placing the hands on top of the head? When the 
degree of trunk flexion is not maintained, the 
patient initiates the hip flexion sit-up phase too 
early and the abdominal muscles are not strong 
enough to perform at this level of the exercise. 

6. Does the patient have a thoracic kyphosis? This 
exercise will contribute to the problem. 

7. Does the patient maintain the curl at the initiation 
of the hip flexion phase? When the patient does 
not maintain the curl, the abdominal muscles are 
too weak to perform the exercise at the harder 
level and the anterior shear stress on the lumbar 
spine is exaggerated. 

8. If the exercise is performed with the hips and 
knees flexed but the feet are not stabilized, the 
patient has to extend the hips to keep them from 
flexing during the hip flexion phase. When the hip 
flexors are contracting to curl the trunk, the only 
way the feet can stay on the supporting surface is 
by contracting the hip extensors. Juker and col
leagues38 found that when an individual pushes 
the feet into the ground during the sit-up, activity 
of the psoas muscle increases. To flex the hips, the 
psoas muscle has to contract more strongly to 
overcome the resistance from the active hip exten
sion when the hips and knees are flexed rather 
than extended. 

9. The trunk-curl sit-up is mechanically more diffi
cult for men than it is for women because of the 
distribution of body mass. 

10. When the trunk-curl sit-up is performed with the 
hips and knees flexed and the feet not stabilized, 

the axis of rotation is shifted to the lumbar spine, 
which can contribute to the development of exces
sive lumbar flexion. When the hips and knees are 
flexed, the patient has to reach a greater degree of 
hip flexion at the end of the sit-up than he or she 
must achieve when the hips and knees are extend
ed. Because the patient has to increase the amount 
of hip extensor muscular activity, it becomes more 
difficult to flex the hips to achieve the vertical 
position of the pelvis. This problem is greater for 
men than it is for women. 

11. When the feet are stabilized, does the patient initi
ate the hip flexion phase without completing the 
trunk-curl phase? The action of the hip flexors is 
enhanced when the feet are stabilized, thus 
enabling the muscle group to flex the hip with a 
straighter trunk when compared with a situation 
in which the distal attachment of the hip flexors is 
not stabilized. 

12. The hands should not be positioned behind the 
head, because the patient may pull the head and 
neck into excessive flexion or rotate the head as a 
result of an asymmetrical pull of the hands. The 
hands should be on top of the head or at the side 
of the head to avoid the risk of injuring the neck. 

13. The chin should be brought toward the Adam's 
apple, not to the chest. The action of cervical flex
ion should reverse the curve but not to the point of 
excessive flexion with the risk of anterior shear at 
the lowest cervical vertebra. The neck should not 
extend, which is the movement that occurs when 
the patient's face is aligned to look forward rather 
than downward (Figure 3-27). This method is fre
quently demonstrated on televised exercise pro
grams and in many exercise videotapes. If the 
movement causes pain in the neck or down the 
arms, the exercise is contraindicated. 
Diagonal curls should be performed with limited 

range involving only the thoracic spine; otherwise, di
agonal curls are potentially hannful. Rotation of the 
lumbar spine is more dangerous than beneficial, and ro
tation of the pelvis and lower extremities to one side 
while the trunk remains either stable or is rotated to the 
opposite side is particularly dangerous. If the patient 
can rotate the hips (femur in the acetabulum) and not 
the pelvis, the exercise is acceptable. This form of the 
exercise promotes the stability of the pelvis and the flex
ibility of the hip joints, rather than contributing to ex
cessive flexibility of the lower lumbar spine or pelvis in 
relation to the spine. 

To improve the isometric performance of the ab
dominal muscles, the therapist instructs the patient in a 
supine position to use resistance to the arms while con
tracting the abdominal muscles. This is an effective and 



A During the trunk curl, the cervical spine should also reverse its curve, 
as if the chin is moving toward the base of the neck. B, Incorrect move
ments include the head and chin remaining stationary or the cervical 
spine extending if the patient looks upward as the trunk curls. 

safer strategy than curls and sit-ups. Many individuals 
develop strong abdominal muscles, even though they 
have not recently or have never performed trunk-curl or 
sit-up exercises. Proper use of the abdominal muscles 
during movements of the whole body and resistive ex
ercises of the extremities are suitable stimuli for 
achieving adequate strength. 

Also, some individuals have normal strength of 
both the internal and external oblique muscles and yet 
have poor control when these muscles have to work in 
a coordinated pattern to prevent rotation of the pelvis. 
The question of task specificity is applicable to all exer
cises. Does an exercise performed in one plane (e.g., the 
sagittal plane) or under one set of circumstances (e.g., 
lying supine) participate appropriately in a different cir
cumstance (i.e., performing diagonal movements or per
forming exercises while standing erect). 

Rectus Abdominis Muscle 
The rectus abdominis muscle originates from the pubic 
crest and symphysis pubis. The fibers run vertically to 
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insert onto the 5th, 6th, and 7th ribs and xiphoid process 
of the sternum.27 The action ofthis muscle flexes the ver
tebral column and tilts the pelvis posteriorly, depending 
on which attachment is fixed. Because the rectus abdo
minis is contained in the sheath of the aponeurosis, 
which serves as the attachment for the other abdominal 
muscles, it is active when the other abdominal muscles 
are active. The study by Juker and colleagues indicate 
that during all flexion exercises, except for the isometric 
side support, there is a relatively high percentage of max
imum voluntary activity in the rectus abdominis 
muscle.25 As mentioned previously, shortness or stiff
ness ofthe rectus can contribute to a thoracic kyphosis. 
Dominance of the activity of the rectus abdominis over 
that of the oblique muscles can result in a compromise 
of the control of rotation. 

Transversus Abdominis Muscle 
The origin of the transversus abdominis muscle is the 
inner surfaces of the cartilage of the lower six ribs, the 
thoracolumbar fascia, the anterior three fourths of in
ternallip of the iliac crest, and the lateral one third of 
the inguinal ligament. The muscle fibers run transversely 
to insert into the linea alba, pubic crest, and pecten 
pubis.27 The action ofthis muscle flattens the abdominal 
wall and compresses the abdominal viscera. Because the 
transversus abdominis muscle attaches to the thora
columbar fascia, its contraction contributes to the sta
bilization of the lumbar spine.13,33 The transversus 
muscle is the first abdominal muscle recruited for pos
tural stabilization during movements of the upper or 
lower extremity in the erect position.9,20 Hodges and as
sociates suggest that the delayed onset of transversus 
activity plays a possible role in low back dysfunction in 
the patient with low back pain.21 This delayed activity 
may cause inadequate stabilization of the lumbar spine 
during movements of the upper extremity. An effective 
method to activate the transversus muscle is instructing 
the patient to pull his or her navel toward the spine or 
attempt to narrow the waistline. 16 

Summary 
Stabilizing the lumbar spine is an important part of a re
habilitation program for the patient with low back 
pain.26 Some investigators and clinicians believe that 
control is the most important aspect of stabilization, 
which is related more to recruitment patterns and to 
timing and muscle endurance than it is to the strength 
achieved by nonspecific trunk flexion exercises. All ab
dominal muscles have a relatively unique role in pro
viding the necessary level of stabilization, and the par
ticipation of these muscles needs to be balanced. The 
patient whose abdominal muscles test at 60% to 700;6 of 
normal strength has sufficient strength to perform most 
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daily activities safely. The focus of a program for this pa
tient is the control of pelvic and trunk motion. For the 
patient whose abdominal muscle strength is below 600A>, 
a program of exercises that progressively increases 
muscle strength is indicated. The challenge for the ther
apist is to devise a program that does not exert undesir
able stresses on the lumbar spine. Unlike the neck mus
cles, there are no flexor muscles on the anterior surface 
of the spine. Consequently, the abdominal muscles are 
the only muscles that can prevent lumbar extension 
forces or stresses, as well as minimize anterior shear 
forces on the lumbar spine. 

Movement Impajrment S~n~rome" 
of the LoJV Back 
The syndromes are named for the alignment, stress, or 
movement direction that most consistently produces 
pain. Not all patients have positive test findings for only 
one direction of movement, and some tests are more 
sensitive than they are specific. The intensity of the 
symptoms when movement is in a particular direction, 
the decrease of symptoms when movement is corrected, 
and the consistency of a movement direction that either 
increases or decreases the symptoms are all weighing 
factors in the tests that determine the appropriate 
diagnostic category (Box 3-1) (Chapter 3 Appendix). 

Because of the variability of test results, the exam
ination is combinatorial rather than algorithmic. Thus 
the therapist uses many tests to confirm or disconfirm a 
diagnosis, rather than using one test to serve as the key 
decision point. The purpose of an examination is to iden
tify the diagnostic category and the contributing factors. 
For example, side bending is a test used to place the pa
tient in a category, but testing the strength of the ab
dominal muscles is performed to identify a contributing 
factor, since weakness of the abdominal muscles is not 
specifically related to one diagnostic category. 

In a study by Van Dillen and associates,53 over 50% 
of the 169 patients tested are categorized as having an 
extension-rotation syndrome; the next largest group is 
categorized as having an extension syndrome. Patients 

Box 3 - I Diagnostic Categories 
(in order of observed frequency) 

• Rotation-extension 

• Extension 

• Rotation 

• Rotation-flexion 

• Flexion 

in this study have low back pain for a mean duration of 
7 weeks. Most report previous episodes. Few are classi
fied as having a flexion syndrome. 

Lumbar Rotation-Extension Syndrome 
With or Without Radiating Symptoms 
Symptoms and Pain 
Degenerative conditions of the spine are caused by facet 
joint synovitis, hypermobility, progressive degeneration 
as a consequence of aging, or the repetitive trauma that 
is an inherent part of normal activity. Degenerative 
changes in the form of annular tears in the disks begin 
simultaneously with changes in the facet joint. A tear in 
the annulus leads to herniation. An enlargement of the 
facet joint occurs as the disk reabsorbs and spinal os
teophytes form22 (Figures 3-28 through 3-30). Consistent 
with the strategy used in the movement system balance 
(MSB) approach, the repetitive movements of normal 
activity that produce the trauma are identified, the con
tributing factors are eliminated, and the patient's move
ment patterns are altered. It is important to understand 
that the descriptions of the following specific pain prob
lems detail pathologic dysfunctions at only one part of 
the joint. Changes in one part must be accompanied by 
changes in other parts of the motion segment because 
oftheir intimate relationship. Thus attempting to reduce 
undesirable stresses or movements is more effective 
than treating only one part of the motion segment in an 
exclusive manner. The specific pain problems or radio
logic diagnoses that commonly coincide with the 
rotation-extension syndrome are the following: 

1. Facet syndrome 
2. Spinal stenosis 
3. Spondylolisthesis 
4. Spinal instability 
5. Degenerative disk disease 
6. Osteoarthritis of the lumbar spine 
7. Herniated intervertebral disk 

FACET SYNDROME. Commonly an early development 
in most degenerative conditions of the spine,22 facet 
syndrome is a traumatic, degenerative, and inflamma
tory condition of the spinal articular joints that occurs 
after an irritation of its highly innervated joint capsular 
structures (Figure 3-31). Typically the complaints are an 
ache with prolonged inactivity, an improvement with an 
increase in activity, but perhaps a return of symptoms 
after activity. There can be transient sharp pains with 
sudden movements. The patient may report radiating 
symptoms, but they are not in a radicular pattern.22 

SPINAL STENOSIS. Spinal stenosis is a narrowing of 
the spinal canal or the intervertebral foramen, which 
leads to vague and unusual symptoms (see Figures 3-28 
through 3-30). This disorder is caused by the combina
tion of disk degeneration, arthritis, and subluxation.35 
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Although more commonly found in the patient who is 65 
years or older, some studies report this condition in pa
tients as young as 40 years.4,35 The classic characteris
tics of spinal stenosis are the presence of symptoms 
when standing or walking and almost immediate reduc
tion of symptoms when sitting. The patient with spinal 
stenosis can usually stand and walk with minimal symp
toms when they lean on a support to decrease the weight 
on the spine and increase the weight on the arms and 
upper torso (e.g., grocery cart). 

SPONDYLOLISTHESIS. Spondylolisthesis is the forward 
slippage of one vertebra in relation to another. The pa
tient with spondylolisthesis usually has back pain when 
maintaining one position and transient pain when 
changing positions. The most intense site of pain is usu
ally in the back. 

Ir------" - PLL 

Sequence of degeneration-spondylosis. A normal functional unit 
(left). Stages of degeneration (righV. II; Vertebra; ALL, anterior longitudi
nal ligament; IVD, intervertebral disk; PL( posterior longitudinal liga
ment, 1Vp, intervertebral foramen; P, pedicle; N, nerve root; C; cartilage 
of the facet; F, facet; " narrowing of the disk; 2, formation of an osteo
phyte; 3, narrowing of the foramen; 4, sclerotic end plate changes; .s; 
separation of the posterior longitudinal ligament from the vertebra; 6, 
degenerative changes of the cartilage of the facet causing forminal 
stenosis; 7, forminal stenosis leading to nerve root compression. (From 
Calliet R: Low back pain syndrome, S ed, Philadelphia, 1995, FA Davis.> 

Posterior longitudinal ligament 

Ligamentum flavum 

Facet 
synovial ?:.:-C:,.::."",::.:"": .r.":.:,"" .. ::""','.:.""' .• ...,., 
capsule 

Nerve 
root 

Invertebral foraminal nerve root impingement. A normal side 
view of the foramen and enclosed nerve root (left). The degenerative 
changes, including osteophytes, thickened posterior longitudinal 
ligament, and facet changes that narrow the foramen (righV. 
(From Calliet R: Low back pain syndrome, S ed, Philadelphia, 1995, 
FA Davis.> 

SPINAL INSTABILITY. Characteristically, the patient 
with spinal instability has pain with changes in position, 
but he or she cannot stay in one position for periods of 
time and tends to move frequently to achieve relief of 
the symptoms. Sitting is often worse than standing for 
symptom production. 

DEGENERATIVE DISK DISEASE. For a disk to maintain 
its shock-absorbing properties, the nucleus must main
tain normal hydration and the annulus fibrosus and ver
tebral end plate must be intact. When the water content 
of the nucleus diminishes and the gelatinous properties 

C 

Spinal stenosis. The central figure depicts the caudal roots within a 
normal spinal canal. The left figure depicts total encroachment of the 
roots from hypertrophy of the lamina C4) and the posterior aspect of the 
vertebra (BJ. The right figure shows encroachment of the root from 
hypertrophy of the facets (CJ. (From Calliet R: Low back pain syndrome, 
5 ed, Philadelphia, 1995, FA Davis.> 

A 

B 

Opposing ~ cartilage 

'-.-/'-.-/~'-.-/'-.-/ 

Shear deformation of cartilage. A Opposing cartilages of a moving 
joint (facet) cause a curving deformation of the collagen fibers. B, This 
shearing force is augmented by compressive forces from gravity and 
muscular action. C; The shear effect has caused a degeneration of the 
collagen fibers. (From Calliet R: Low back pain syndrome, 5 ed, 
Philadelphia, 1995, FA Davis.> 
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are lost, the disk material becomes fibrocartilage; the 
fluid is no longer under pressure and does not function 
as a shock absorber. When the annulus remains intact, 
the mechanical stresses on the dysfunctional disk can 
cause back pain. The lumbosacral joint is the most fre
quent site of disk degeneration. A narrowing of the disk 
and the resulting change in the disk space contribute to 
segmental instability because the stabilizing ligaments 
are no longer taut. Pain is often worse when arising in 
the morning and may radiate into the lower extremities, 
although not along dermatomal pathways. 

OSTEOARTHRITIS OF THE LUMBAR SPINE. The lumbar 
spine is a common site for degenerative changes in the 
patient older than 50 years of age. Osteoarthritis is char
acterized by the degeneration and thinning of the hya
line articular cartilage. When combined with thinning of 
the intervertebral disk, the joint space becomes narrow 
and irregular. The patient with osteoarthritis of the 
lumbar spine usually complains of pain and stiffness 
when arising in the morning or when remaining sta
tionary for a prolonged period, especially with sitting. 
Usually symptoms improve with some activity, but ex
tensive activity can increase symptoms. The patient may 
report radiating symptoms into the buttocks and the an
terior thigh. 15 

HERNIATED INTERVERTEBRAL DISK. The rupture of the 
annulus fibrosis causes either herniation or prolapse of 
fragments or the entire nucleus into the spinal canal. 
Most often the extrusion is in a posterior or lateral di
rection. The nuclear material may push into the poste
rior longitudinal ligament or rupture through the liga
ment and extend directly into the spinal canal15 (Figure 
3-32). Saal and colleagues propose that pain arises not 
from mechanical pressure but from the chemical release 
of phospholipase A2 from the nucleus, which affects the 
nerve root.47 A herniated intervertebral disk occurs most 
frequently in the patient between the ages of 25 and 50 
years and in men more often than women. Approxi
mately 90% of herniated disks occur at L4-5 with in
volvement of the L5 nerve root or at L5-S1 with involve
ment of Sl nerve root, probably because the greatest 
amount of motion occurs at these segments. The 
greatest degree of rotation occurs at L5-S1,56 and there
fore this level is probably more susceptible to excessive 
rotation than other lumbar vertebral segments. 

When radiating symptoms follow dermatomal pat
terns, a neurologic examination is indicated. Screening 
for nonmechanical sources of musculoskeletal pain 
should be the first part of the examination for all pa
tients. Discussion of such conditions and appropriate 
screening examinations are beyond the scope of this 
book, but excellent texts on the subject are Differential 
Diagnosis in Physical Therapy by Goodman and 
Snyder18 and Pathology, Implications for the Physical 
Therapist by Goodman and Boissonnault. 17 

In the descriptions of the lumbar syndromes, a 
single bullet (.) designates the tests that identify the con
tributing factors and a double bullet ( •• ) designates the 
tests for classification. 

Movement Impairments 
The causes ofthe patient's symptoms are extension and 
rotation motions, therefore the examination is designed 
to assess as many positions, stresses, or movements in 
these directions as possible. When the test motion 
causes pain or increases symptoms, the movement is 
corrected to confirm the movement effects and to sup
port the validity of the test result. 

STANDING POSITION. The following tests are per
formed with the patient in a standing position: (1) back 
against the wall, (2) forward bending, (3) return from 
forward bending, (4) lateral flexion, (5) rotation, and 
(6) single-leg stance. 

•• Back against the wall. Pain that is present 
when standing is relieved by flattening the back, espe
cially by standing with the lumbar spine against a wall. 

• Forward bending. Forward bending may re
lieve symptoms. A translation motion or a stretch ofthe 
nerve may accompany forward bending. As a result, the 
forward bending motion can be considered a sensitive 
test but not a specific test. 

•• Return from forward bending. Often the pa
tient with this syndrome returns from forward bending 
by extending the lumbar spine early in the pattern, rather 
than moving through a smooth motion of extending the 
hips and gradually extending the back (see Figure 2-12). 
The symptoms should decrease when the patient 
changes the movement pattern, extending the hips and 
only gradually extending the back. 

•• Lateralftexion. Because of the associated ro
tation with lateral flexion, an increase in symptoms with 
the side-bending motion is considered a positive finding 
for the rotation category. In addition to increased symp
toms, the shape assumed by the spine and range of mo
tion during the movement are also assessed. If the spine 
does not curve but bends from a single point, it is a po
tential sign of rotation of the spine toward the side of 
the lateral flexion (Figure 3-33). The range of motion to 
this side should be limited. To confirm the diagnosis, 
the therapist applies stabilization to the side of the 
trunk just above the iliac crest to prevent movement at 
the one site. The patient then repeats the lateral flexion 
pattern. When symptoms decrease, it is considered a 
positive test for rotation. The shape of the curve does 
not change when the spine is rotated, but the range of 
lateral flexion decreases. When stiffness of the muscles 
that are contralateral to the direction of the lateral 
flexion causes angulation ofthe movement, stabilization 
during the movement causes the shape of the spine to 
change from a sharp angle to a curve. 
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Central disk herniation with annular bulge. A The nucleus herniates externally through inner annular 
tears, forcing the outer annular fibers to bulge into the intervertebral forarnen toward the nerve root (top); 
lateral view (bottom). B, Extrusion of the nucleus. The nucleus extrudes from the disk through the entire 
annular tear, terrned a herniated nucleus or an extruded nucleus (top). The internal extrusion within an oth
erwise normal annulus causes the nucleus and inner annulus to degenerate (bottom). (From Calliet R: Low 
bock pain syndrome, 5 ed, Philadelphia, 1995, FA Davis.> 

• Rotation. The patient is asked to rotate to one 
side and then to the other while the therapist stabilizes 
the pelvis. Although most of the rotation motion takes 
place in the thoracic spine, a notably greater range to the 
side of suggested spinal rotation supports the clinical 
impression that the lumbar spine is rotated (Figure 
3-34). The therapist should also determine whether the 
rotation is occurring in the lumbar spine. 

• Single-leg stance. The patient is asked to stand 
on one leg while flexing the other hip to 90 degrees. The 
test is positive if there is rotation of the lumbar spine, 
pelvis (Figure 3-35), or hip adduction (hip drop). 

S UPINE POSITION. The following tests are performed 
with the patient in a supine position: (1) hip flexor 
muscle length, (2) active hip and knee flexion, (3) hip 
abductionllateral rotation from flexion, (4) passive hip 
flexion with knee extension, and (5) shoulder flexion to 
180 degrees. 

• Hip flexor length. The test is positive for com
pensatory motion when the pelvis tilts anteriorly or ro
tates while the hip is passively extended. A positive test 
of TFL or rectus femoris shortness without the pelvic 
motion is not strong support for the extension syndrome 
because of a lack of compensatory lumbopelvic motion. 
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Asymmetric and impaired side bending. The subject is able to side 
bend to the left, but the movement appears to have a focal point of 
motion at the lumbosacral level with the rest of the lumbar spine 
remaining straight (topJ. The side-bending range of motion to the right 
is limited, and very little change is demonstrated in the alignment of the 
lumbar spine (bottomJ. The limited side bending to the right is consis
tent with the subject's lumbar spine already slightly rotated to the right. 
During side bending to the right, the subject's vertebrae should rotate to 
the left, but they cannot because he is rotated to the right. In contrast, if 
his lumbar vertebrae are already rotated to the right, he should be able 
to side bend farther to the left than he can to the right. 

A positive test for shortness is one in which the lmee 
held toward the chest and passive stabilization by the 
abdominal muscles, in combination, allow the hip to re
main in flexion and do not cause the pelvis to tilt ante
riorly or to rotate. This finding does not support a 
directional susceptibility to movement (DSM) of the 
lumbar extension-rotation syndrome, even though the 
hip flexors are short . 

•• Active hip and knee flexion. Pelvic rotation 
that increases symptoms or has an excursion of more 
than 1f2 inch of rotation during the lower extremity mo
tion supports the presence of lumbar rotation
extension syndrome. The pelvis rotates toward the side 
of the hip flexion. To confirm this positive finding, the 
therapist stabilizes the pelvis and assesses the effect 
on the symptoms. 

•• Hip abduction/lateral rotation from 
flexion. As the lmee moves laterally the pelvis rotates 
toward the moving lower limb during the first 50% of the 
motion. Symptoms may increase during this motion. 
Stabilizing the pelvis and assisting the limb as it moves 
laterally decreases symptoms. A decrease in symptoms 
is attributed to eliminating the rotation in the spine, 
eliminating the stress on the spine with the iliopsoas 
lengthening, or both. 

• Passive hip flexion with knee extended 
(straight-leg raise). A positive test for neural ten
sion is radicular pain into the leg before 60 degrees of 
hip flexion. When the patient reports symptoms, he or 
she is instructed to completely relax the lower ex
tremity in the test position while the therapist supports 
the limb. Often the symptoms are eliminated, indicating 
that the cause of the radiating symptoms is the stress 
on the spine from the contraction of the hip flexors, not 
a tethered nerve. 

• Shoulder flexion to 180 degrees. This move
ment can cause lumbar extension, and an increase in the 
low back symptoms. 

SIDE-LYING POSITION. The following tests are per
formed with the patient in a side-lying position: (1) hip 
lateral rotation, (2) hip abduction with associated 
lateral pelvic tilt, and (3) hip adduction. 

• Hip lateral rotation. The test is positive for ro
tation when the pelvis rotates and movement is not con
fined to the hip joint. 

• Hip abduction with associated lateral 
pelvic tilt. The test is positive for rotation when the 
patient reports pain during the motion. The probable 
cause is lateral flexion stress on the spine from the con
traction of either the iliopsoas or quadratus lumborum, 
both of which attach to the transverse processes of the 
lumbar vertebrae and laterally flex the spine. 

• Hip adduction. The test is positive for rotation 
when there is pelvic tilt laterally, rather than isolated hip 
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Asymmetric rotation. The patient has limited rotational range of motion to the left (Jeft) and 
excessive rotation to the right (righV. The asymmetry in rotation is consistent with the asymmetry 
in side bending that suggests a static malalignment of the lumbar spine of being slightly rotated 
to the right. 

B c 

Rotation of lumbar spine during unilateral hip and flexion in the standing position. A Lumbar 
spine is straight during two-legged standing. B- No change in lumbar alignment when standing on right leg 
and flexing left hip and knee. c:; Rotation of lower lumbar spine when standing on left leg and flexing the 
right hip and knee. 
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adduction. The lateral pelvic tilt is accompanied by lat
eral flexion of the spine (Figure 3-36). 

PRONE POSITION. The following tests are performed 
with the patient in a prone position: (1) lrnee flexion, 
(2) hip rotation, and (3) hip extension . 

•• Knee fl exion. The test is positive for lumbar 
rotation-extension syndrome when the pelvis tilts an
teriorly with associated lumbar extension or the pelvis 
rotates, which can also be associated with an increase 
in symptoms. To confirm that the test is positive, the 
pelvis is stabilized and the therapist assesses the effect 
(on the symptoms) of lrnee flexion without movement 
of the pelvis. If the symptoms decrease, the positive test 
is confirmed. 

•• Hip rota tion. Rotation of the pelvis with rota
tion of the hip joint infers that rotation is also occurring 
in the spine. If symptoms increase, the spinal rotation is 
considered the source. To confirm this diagnosis, the 
pelvis is stabilized to prevent lumbopelvic motion and 
the therapist assesses the effect of hip rotation on the 
symptoms. A decrease in symptoms means they are the 
result of the spinal rotation produced by the compen
satory rotation of the pelvis. The rotation of the pelvis 
is termed compensatory because lumbopelvic rotation 
is a means of compensating for insufficient hip rotation. 

The compensatory rotation of the pelvis can occur 
with either hip medial or lateral rotation and with either 
one or both extremities. Most commonly, pelvic rota
tion occurs with lateral rotation. In some patients the 
rotation of the pelvis is always in one direction. Conse
quently, lateral hip rotation with one extremity pro
duces pelvic motion, and medial hip rotation with the 
other extremity produces the same direction of pelvic 
motion. 

•• Hip extension. The range into extension is lim
ited to 10 degrees; as a result, the patient is instructed 
to limit the excursion. The spine is often observed to ex
tend or rotate excessively. Determining excessive move
ment is most often based on the effect of hip extension 
on the spine, comparing one side with the other. The 
motion can also elicit symptoms, which is considered a 
positive test for lumbar rotation-extension syndrome. To 
confirm the role of extension or rotation, a pillow is 
placed under the patient's abdomen and the patient con
tracts the abdominal muscles while being instructed not 
to push the contralateral thigh into the table (Le., to 
avoid hip flexion). Symptoms that are present during 
this motion are difficult to eliminate. 

If the patient has symptoms when simply lying 
prone or if it is clear that extension is the diagnosis, the 

Variations in spinal alignment in side lying. A, Hip adduction is associated with lateral pelvic ti lt and lat
eral flexion of the lumbar spine. B, If the lower extremity is slightly abducted, the pelvic tilt and lateral flexion 
of the lumbar spine are corrected. c:; With a positive modified Ober test, the spine and pelvis are in neutral 
when the hip is abducted. The wide pelvis and narrow thorax of women contribute to lateral flexion of the 
spine in the side-lying position. D, When the hip adducts, the pelvis tilts laterally. Both the lumbar and 
thoracic spines laterally flex in this subject. E, When the trunk is long and broad and the pelvis is narrow 
<relative to the trunk), the spine is straight in the side-lying position. 



test is not performed. If the patient has severe symp
toms (> 6/10), this test should be omitted. 

Q UADRUPED POSITION. The following tests are 
performed with the patient in a quadruped position: 
(1) position effects, (2) rocking backward, (3) rocking 
forward, and (4) shoulder flexion. 

• Position effects. Pain is usually minimal in the 
quadruped position and thus is most often used to alleviate 
the patient's symptoms. The suggested advantages of the 
quadruped position ate the minimization of compression 
and the four-point support that allows the spine to assume 
a more optimal alignment than is possible under com
pression with the two-point support of standing. 

•• Rocking backward. Symptoms usually de
crease because of the slight increase in flexion. If the 
spine is rotated, the rotation may increase as the patient 
rocks backward. Often slight counter-pressure on the 
spine to the rotation while the patient rocks backward 
alleviates the symptoms. 

In some patients the difference in the stiffness or 
range-of-flexion motion between the two hips is evident 
and contributes to rotational or lateral tilt of the pelvis 
and has, of course, an effect on the spine (Figures 3-37 
and 3-38). Before repeating the rocking backward mo
tion, the therapist should assess the role of hip flexi-
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bility on the movement pattern. If the hip does not flex 
easily (Le., the pelvis remains higher on the side that is 
being tested than on the opposite side), the hip is ab
ducted, laterally rotated, or both. The patient should 
rock backward with symmetrical movement of the lum
bopelvic area. If rocking backward causes symptoms in 
the patient whose tests strongly suggest an extension 
syndrome and in whom contraction of the hip flexors 
causes symptoms, he or she should be instructed to 
rock backward by pushing with the hands and not 
using the hip flexors. This strategy can reduce or elim
inate the symptoms. 

•• Rocking forward. Symptoms are often in
creased with the rocking forward motion. When the 
symptoms are severe and all other tests for extension 
are positive, this test is omitted. This motion is not to be 
used as an exercise. 

•• Shoulder flexion. Rotation of the spine, so 
that one side is at least 1/2 inch different in height than 
the other side during shoulder flexion, is a positive test 
for rotation. If symptoms increase, the patient is in
structed to contract his abdominal muscles and the 
therapist may also manually assist by stabilizing the 
trunk to reduce the rotation; the effect on the symp
toms is noted. 

Rotation of the lumbar spine in the quadruped position and during knee extension. A, During 
rocking backward, the left hip flexes more than the right hip; as a result, the patient moves toward the left. 
The asymmetric hip flexion causes lumbopelvic rotation, as indicated by the asymmetric height of the left 
versus the right sides of the pelvis. The predisposition to lumbopelvic rotation is further illustrated during 
knee extension. B- During right knee extension, no rotation occurs. C, During left knee extension, the lum
bopelvic area rotates counterclockwise, which confirms that the right hip extensor muscles are stiffer than the 
joints of the lumbopelvic area involved in rotation to the left. The pattern of joint rotation is the same during 
both backward quadruped rocking and knee extension. 
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Variations in hip flexion flexibility contributing to lumbopelvic 
rotation. A The pelvis is level in the starting position. B, During back
ward rocking, the right hip flexes more than the left, causing lumbo
pelvic rotation with the left side of the pelvis higher than the right. 
C, The left hip is laterally rotated. 0 , During backward rocking with the 
left hip laterally rotated, both hips flex equally, preventing compensatory 
lumbopelvic rotation. The left hip lateral rotator-extensors are stiffer than 
the spine. As a result, the lumbar spine rotates instead of the hip flexing, 
unless there is decreased stretch of the left hip muscles. 

SITIING POSITION. The following tests are performed 
with the patient in a sitting position: (1) position effects 
and (2) knee extension. 

•• Position effects. See the discussion under 
"Alignment. " 

•• Knee extension. The patient is asked to 
perform knee extension by sitting unsupported with 
the therapist placing his or her hand on the side of the 
lumbar spine of the knee that is to be extended. If the 
pelvis or spine rotates as the knee is extended, the test 
is positive for rotation. An increase in symptoms is not 

common unless there is a nerve tension sign. If symp
toms increase, the patient is instructed to repeat the 
knee extension while the therapist stabilizes the spine 
and instructs the patient to halt the motion at the point 
the rotation is initiated. 

WALKING 
• Gait. During walking the pelvis often rotates ex

cessively or lumbar extension is exaggerated during the 
stance phase to toe off. Normal rotation is 8 degrees 
around a central axis. Instructing the patient to contract 
the abdominal muscles and to place both hands on his 
or her iliac crests to eliminate the excessive motion 
should diminish the symptoms. 

Alignment: Structural Variations 
and Acquired Impairments 

STANDING POSITION. Alignment is not, nor is it an
ticipated to be, correlated with low back pain. Struc
tural changes in vertebral alignment occur with aging, 
but these changes are not always clinically obvious. 
The patient with spinal stenosis usually has a flat 
lumbar spine, yet extension is a cause ofthe symptoms. 
In contrast, the patient with a lumbar lordosis, an ab
normal exaggeration of the inward lumbar curve, can 
also have pain because of extension of the lumbar 
spine. Therefore alignment is a useful indicator, but it 
is not always correlated with pain. This variability in 
test results is one of the reasons for using a combina
torial rather than an algorithmic examination. As with 
the other tests, alignment provides a useful clue, but it 
may also be a negative finding. The following findings 
would be contributing factors to the rotation-extension 
syndrome: (1) lumbar lordosis, (2) thoracic kyphosis, 
(3) paraspinal asymmetry, and (4) hip joint, flexion, 
retrotorsion, or antetorsion. 

• Lumbar lordosis. When the patient reports pain 
when standing and has an abnormal increase in the 
lumbar curve, these findings are positive for extension 
as a cause of pain. To confirm this diagnosis, the patient 
is instructed to stand with the back against a wall and to 
flatten the lumbar spine. The patient usually has to move 
the feet at least 6 to 12 inches forward of the wall, al
lowing the hips and knees to flex. The therapist must be 
certain that the patient is relaxing the back muscles and 
not attempting to stand straight. A decrease in symp
toms indicates a positive test for extension. 

• Thoracic kyphosis. A kyphosis can be associ
ated with a lumbar lordosis. When the patient stands 
with the back against the wall, the shoulders and upper 
spine will be forward. The lumbar spine should be flat 
against the wall, to access whether flattening the 
lumbar spine reduces the symptoms. 

•• Paraspinal asymmetry. When one side of the 
lumbar area is 1/2 inch larger than the other, it is con-
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sidered positive for rotation. The postural asynunetry is 
then combined with the movement testing previously 
described to confirm a positive test of lumbar rotation. 

• Hip joint. See Chapter 5 for the descriptions of 
antetorsion and retrotorsion. 

SUPINE POSITION. When lying with hips and knees ex
tended, pain is considered a positive test for lumbar 
rotation-extension syndrome. In the case of radiating 
symptoms, however, the stretch of the iliopsoas in this 
position can exert ·compression and anterior shear 
forces on the lumbar spine. Therefore this test is con
sidered sensitive but not highly specific. Simply placing 
the hips and knees in flexion and requiring the patient 
to hold them in this position is not adequate for assessing 
the effect of reducing the extension stress. At times, the 
contraction of the hip flexors alone is sufficient to elicit 
symptoms. Therefore the patient's hips have to be pas
sively supported in flexion, and the patient must com
pletely relax all the lower extremity musculature. If the 
symptoms decrease, the test is positive for extension as 
a cause. 

SIDE-LYING POSITION. In the side-lying position the 
lumbar spine can be in lateral flexion, particularly in the 
woman with broad hips. When symptoms are present, 
placing a towel with a few folds at the waist to support 
the spine in a level position decreases symptoms. Symp
toms in this position are considered positive for rotation. 

PRONE POSITION. Increased symptoms in this posi
tion are considered positive for extension. To confirm 
this diagnosis, a pillow is placed under the patient's ab
domen to reduce the lumbar curve. If the symptoms are 
decreased, the test for extension is positive. 

SrITING POSITION. An increase in symptoms associ
ated with exaggerating the lumbar curve is a positive 
test for extension. To confirm this diagnosis, the patient 
is supported in the flat lumbar spine position. The pa
tient with a marked thoracic kyphosis often maintains 
the spine in an extended alignment when sitting and may 
have symptoms because of this alignment. When the pa
tient is short (e.g. , under 5 feet, 4 inches tall), the feet 
may not touch the ground, which exerts an anterior tilt 
on the pelvis. The patient may be unaware that he or she 
is contracting the hip flexors or back extensors when sit
ting. Therefore the therapist needs to be sure the patient 
is completely relaxed and the back is supported in a flat 
alignment to assess the effect of extension stresses on 
the symptoms. 

Relative Flexibility and Stiffness Impairments 
The lumbar spine is excessively flexible into extension 
and rotation. The following factors contribute to the ex
tension and rotation of the lumbar spine: 

1. Hip flexors are stiffer than the abdominal muscles 
that tilt the pelvis posteriorly. 

2. The hip abductor muscles are stiffer than the lat
eral abdominal muscles. 

3. The TFL muscle is stiffer than the abdominal mus
cles that control rotation of the pelvis. 

4. The latissimus dorsi muscle is stiffer than the 
abdominal muscles that tilt the pelvis posteriorly 
and flatten the lumbar spine. 

Muscle and Recruitment Pattern Impairments 
The therapist may observe impairment of recruitment 
patterns. During attempts of the patient to stand up 
straight, there may be more dominant recruitment of 
the back extensor muscles than the counterbalancing ef
fects of the abdominal muscles. During attempts to re
turn to standing from a leaning or bending forward po
sition, there may be more dominant recruitment of the 
back extensor muscles than the hip extensors. During 
movements such as leaning forward when sitting or 
when sitting up from a recumbent position, there may 
be more dominant recruitment of the hip flexors than 
the abdominal muscles. 

Impairments of muscle length and strength may 
also be observed. When neurologic signs are present, 
weakness may be present according to dermatomal in
volvement. Nonneurologic weaknesses may be present 
in the external oblique abdominal, rectus abdominis, 
transversus muscles, and posterior gluteus medius 
muscles. The TFL and rectus femoris muscles may be 
short or stiff. 

Confirming Tests 
Specific confirming tests are described under "Move
ment Impairments" in this chapter. Generally, reducing 
symptoms by decreasing the alignment, stress, or move
ment in the extension directions are the critical con
firming tests. 

Summary 
In the patient with chronic back pain, rotation-extension 
is the most common cause of the symptoms. A series of 
tests are used to confirm this diagnosis. Not all patients 
test positive for all test items, but each scores a greater 
number of positive findings or the severity of symptoms 
is highest for the extension-rotation test items. 

Treatment 
The diagnosis is designed to direct the intervention. The 
primary strategy for an intervention program is elimi
nating the alignment, stress, or movement in the 
symptom-producing direction. The program does not 
emphasize movement in the opposite direction, except 
when the alignment impairment is excessive. For ex
ample, the patient with lordosis should decrease the 
curve by tilting the pelvis posteriorly and flattening the 
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lumbar CUIVe. Most importantly, those daily activities 
and postures that contribute to stress or movement in 
the offending directions must be identified. 

Rotating the lumbar spine during activities (e.g., 
turning at the desk to reach a computer, the telephone, 
or a file drawer) is performed so frequently that few in
dividuals realize that he or she is rotating while working. 
The patient often sits on the edge of the chair, which 
means he or she is using the hip flexors to maintain the 
position. The patient should sit back in the chair with 
the spine supported, producing a slight inward CUIVe, 
and the hips and knees should be at the same height, 
and the feet should be on the floor. Leaning to one side 
or resting on one forearm is lateral flexion for tall indi
viduals or for those who have a long trunk or pro
portionately short upper arms. Lateral flexion is associ
ated with rotation, as well as with asymmetrical 
compression of the lumbar vertebrae. 

Sports, such as racquetball, squash, and golf, in
volve rotation with the feet relatively fixed. Conse
quently, these sports are frequent contributors to rota
tional syndromes. Maintaining hip rotational flexibility 
is essential to minimize compensatory pelvic and 
lumbar rotation. Tennis and volleyball involve rotation; 
however, because the feet are not fixed and total body 
movement is more characteristic, the contribution to ro
tation is not exaggerated. 

All the positive tests become the exercises that the 
patient must perform correctly. It is important that the 
patient understand that the focus of a corrective 
exercise program is to ensure that no symptoms are 
elicited while performing the exercises. Any exercise 
that increases the symptoms should be omitted until the 
next visit with the physical therapist. 

STANDING POSITION. Standing with one hip adducted 
laterally flexes the spine and should be avoided. The pa
tient should not sway the thoracic spine backward be
cause of the extension moments or the increase in the 
CUIVe of the lumbar spine that can result from this 
posture. The patient should contract the abdominal mus
cles isometrically, enough to exert tension to slightly tilt 
the pelvis posteriorly and to reduce the lumbar CUIVe. If 
the patient reports pain when standing, he or she should 
stand with the lumbar spine against the wall, relaxing 
the back muscles. 

SITTING POSITION. Sitting back in a straight back chair 
will relax hip and back muscles. The hips and knees 
should be at the same height. The trunk should be erect, 
not rotated or leaning to one side. Some patients are 
able to reduce the symptoms by pushing up on the seat 
of the chair or the arm rests, just enough to take the 
weight of the trunk off the spine. 

ROLLING. While supine, depending on the severity of 
the symptoms, the patient should slide the heel along 
the bed to flex one hip and knee and then repeat with 

the other lower extremity. With both knees flexed, the 
patient should roll in one piece so that the arm and trunk 
are moving at the same time as the pelvis and lower ex
tremities. The patient should not push down with the 
feet. To move to one side of the bed, the patient should 
be in the side-lying position and push backward with 
hands and legs. When the patient needs to move for
ward, he or she should pull on the edge of bed with the 
hands to move the upper body. If the pain is severe, the 
patient may have to use the hand to move the lower ex
tremity forward to avoid the use of the hip flexors. 

SITTING TO STANDING. The patient should move to the 
edge of the chair by pushing with the hands, avoiding 
any rotation of the hips from side to side. With the hips 
aligned over the knees, the patient should stand straight 
up, avoiding any motion that exaggerates back exten
sion. It may be necessary to use armrests to push up from 
the chair. When sitting down, the patient may also need 
to lower his or her body using the hands, particularly if 
the thigh musculature is weak. 

STAIR CLIMBING. The therapist needs to determine 
which phase of the stair climbing motion causes an in
crease in the patient's symptoms. The first phase of stair 
climbing is flexing the hip to place the foot on the stair. 
Contracting the abdominal muscles before lifting the 
foot may alleviate the pain; otherwise, the patient will 
have to ascend one step at a time. The second phase of 
stair climbing is raising the weight after the foot is on 
the step. One impairment that can be observed is back 
extension during this phase or inadequate hip extension 
that increases back extension. Instructing the patient to 
remain slightly forward and placing his or her weight on 
the handrail as he or she raises to the next step can pre
vent an increase in symptoms. 

WALKING. The patient needs to walk slowly, which 
reduces the compression on the spine.6 The patient has 
to limit pelvic rotation or anterior tilt, which often in
volves taking smaller steps than normal. 

Case Presentation 1 
History. For the past 5 months, a 63-year-old male 

executive who is employed at a large business firm has 
experienced severe pain in his back and left posterior 
thigh, extending into his leg. He is an active sportsman 
who regularly rides horses on his ranch. His radiologic 
studies indicate degenerative disk disease with spinal 
stenosis. Although surgery has been advised, he wants 
to try conservative intervention before agreeing to 
surgery. 

Symptoms. His symptoms include pain when 
standing, which increases with walking. He rates the 
pain at a level of 6 to 7 on a scale of 10. He forces him
self to walk in spite of the level of pain. The pain extends 
into his left groin area and down his posterior thigh into 
the posterolateral aspect of his leg. It subsides to a level 



Movement Impairment S~n()yomeiJ oftbe Lumbar Spine ~ ________________________________________________________ ~ ______ ~o~ ______ ~~ ______ ~ ____ .~85 J ___ ~ 

CHAPTER THREE 

of 2 to 3 on a scale of 10 when he sits. Although the pa
tient has pain when recumbent, side lying is the most 
comfortable recumbent position. 

Alignment Analysis. The patient is muscular with 
prominent back muscles. His upper back is swayed 
backward, although he does not have a posterior pelvic 
tilt. He has paraspinal asymmetry; his right side is more 
than 1 inch larger than his left, and his left hip is slightly 
higher than his right. He stands with hips abducted. 

Movement Analysis. His symptoms increase when 
the patient is asked to place his feet together. This posi
tion causes the left iliac crest to be even higher than the 
right, as compared with pelvic alignment when his feet 
are apart. Five standing tests are performed: (1) forward 
bending, (2) lateral flexion, (3) rotation, (4) single-leg 
stance, and (5) standing with his back against the walL 

Forward bending. His symptoms decrease with 
forward bending, but they increase during the return 
movement. It is noted that his spine extends more 
rapidly than his hips during the return motion. When 
placing his hands on a table that is raised to a height 
where he can place his hands on it without bending, he 
performs forward bending by supporting his upper 
body on his hands and return movements. During the re
turn motion, he is instructed to concentrate on ex
tending his hips rather than his back He has less pain 
when performing this movement as instructed. 

Lateraljlexion. Motion to his left side increases his 
pain, and the motion occurs at his lumbopelvic junction. 
Motion to his right side decreases pain, but he is unable 
to side bend far in this direction. His lumbar spine re
mains straight when movement occurs in the thoracic 
spine. 

Rotation. When the patient is asked to rotate his 
spine, the range of motion to the right is notably greater 
than the range of motion to the left. 

Single-leg stance. When asked to stand on his left 
leg, the left hip becomes adducted and he reports a 
slight increase in pain. During a right leg stance, symp
toms associated with flexing the left hip increase, at 
which time lumbopelvic rotation to the right is evident. 

Standing wi th back against the walL His symp
toms decrease when instructed to stand with his low 
back against the walL 

The following tests are performed with the patient 
in a supine position: (1) hip flexor length, (2) position ef
fects, (3) hip abductionllateral rotation from hip flexion, 
(4) passive hip and knee flexion, and (5) abdominal mus
cular strength. 

Hip flexor length. Both the right and left TFL and 
rectus femoris muscles are short with a compensatory 
anterior pelvic tilt 

Posi tion effects. The patient is unable to tolerate 
the hip and knee extended position. He cannot hold his 
left knee toward his chest (at 100 degrees of hip flexion) 

and slide the right leg down toward hip extension 
without eliciting symptoms. On the left, he has to use 
his hands with a towel behind his thigh to flex his left 
hip and then lower the extremity back to the table, al
lowing it to extend. The right hip extends to neutral and 
the left hip extends to 30 degrees of complete exten
sion. His symptoms increase when moving his left lower 
extremity. 

Hip abductionllateral rotation from hip flexion. 
Hip abductionllateral rotation increases his symptoms, 
and there is an associated lumbopelvic rotation with 
greater motion with the motion of the left lower ex
tremity than with that of the right. 

Passive hip and knee flexion. There is resis
tance to passive hip and knee flexion at 100 degrees 
bilaterally. 

Abdominal muscular strength. Abdominal mus
cular strength is not tested because of pain with active 
hip flexion motion. 

The following additional tests are performed in 
four different positions: (1) side lying, (2) prone, (3) qua
druped, and (4) sitting. 

Side lying. The patient is more comfortable during 
the side-lying test when on his left side than on his right. 
When testing the strength of the posterior gluteus 
medius muscles, the left side is 3 + /5 and the right 4 + /5. 
During the test, it is noted that hip adduction from ab
duction is associated with lateral pelvic tilt. Hip lateral 
rotation is associated with lumbopelvic rotation. 

Prone. When in the prone position, the patient's 
symptoms increase, but they are diminished with a 
pillow under his abdomen. The patient's symptoms in
crease when he initiates knee flexion, and there is ante
rior pelvic tilt and rotation observed with both right and 
left knee flexion. Hip rotation is not tested because the 
knee cannot be flexed to 90 degrees. 

Quadruped. While in the starting quadruped test 
position, there is marked rotation of his lumbar spine to
ward the right. In the quadruped position, all symptoms 
are alleviated. Rocking backward causes the rotation to 
increase. The pelvis also rotates clockwise so that his 
pelvis appears higher on the right side than on the left. 

Sitting. While sitting with his back against the back 
of the chair, he reports minimal symptoms. He does not 
report an increase in symptoms with the knee extension 
test, but the right hamstring muscles are short with knee 
extension -30 degrees of complete range of motion. 

Muscle Length and Strength Analysis. When muscle 
length and strength are examined, the TFL and rectus 
femoris muscles are short bilaterally. The abdominal 
muscles are not able to control the motions of anterior 
pelvic tilt, rotation, or lateral pelvic tilt. The hamstring 
muscles are short, but they do not contribute to the pain. 
The gluteus maximus muscles are stiff, with the right 
muscle more stiff than the left. 
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Diagnosis. The patient's alignment and movement 
tests are clearly consistent with rotation and extension 
problems. His symptoms are alleviated when he flattens 
his lumbar spine, as evidenced by the report of de
creased symptoms when the patient sits, when his hips 
are flexed, and when he is on his hands and knees. His 
symptoms increase with extension alignment and move
ments into extension. The diagnosis is lumbar rotation
extension syndrome. 

IntelVention. The primary focus of his intervention 
is to enable him to lie supine with his hips and knees ex
tended. Until he can assume this supine position, he will 
be unable to stand free of symptoms. 

From the hook-lying position, he is instructed to 
hold his left knee to his chest and slide the right leg into 
extension while contracting his abdominal muscles. 
With pillows under his right knee to support his hip in 
flexion, he is instructed to use a sheet under his left thigh, 
which he holds with both hands to act as an assist while 
sliding the hip and knee into extension and then bringing 
it back into flexion while contracting his abdominal mus
cles. With pillows under his right knee, he is asked to 
move his flexed left hip into abductionllateral rotation 
while keeping his pelvis from rotating by contracting 
the abdominal muscles. This supine exercise is repeated 
on the contralateral side. 

While in the side-lying position with a pillow be
tween the knees to control medial rotation, the patient 
is instructed to rotate his hip laterally while keeping the 
pelvis stationary. 

When in the prone position with a pillow under his 
abdomen, he is asked to contract his abdominal muscles 
and flex one knee and then the other knee while the ther
apist monitors his pelvis with his or her hands. He is 
asked to stop the motion with the onset of any pelvic 
tilting or at the onset of any symptoms. 

From the quadruped position with his hips ab
ducted and the right hip slightly rotated laterally, the pa
tient is taught to rock backward, stopping at any in
crease in symptoms. 

While in a sitting position, the patient performs 
knee extension and dorsiflexion. 

When in a standing position with his back against 
the wall, the patient positions his feet far enough from 
the wall to allow his hips and knees to flex. From this 
position he is able to flatten his lumbar spine. The pa
tient is then asked to contract his abdominal muscles 
and extend his hips and knees so that he slides up the 
wall. He is instructed to stop at onset of symptoms. 

The patient is asked to modify some of his daily ac
tivities: He is instructed to sit back in his chair and avoid 
sitting on the edge of his chair, as he was accustomed to 
do at work. He is instructed to avoid rotating his trunk 
when sitting and reaching for articles on his desk. (His 
workspace and telephone were placed on a table behind 

his desk. He always turned to the right when answering 
the telephone.) The telephone is moved to his desk. 

Outcome. The patient performs his exercises two 
times a day. Several times a day, he stands with his back 
to the wall to perform the recommended standing exer
cise. At the time of his second visit 1 week later, his 
symptoms when standing and walking are reduced to a 
level of 4 or 5 on a scale of 10. He diminishes the inten
sity of his pain to the level of 2 or 3 by standing with his 
back against the wall. When his symptoms are intense, 
he performs the rocking backward exercise, which elim
inates his symptoms. 

By his second visit 2 weeks later, he lies supine with 
his right hip and knee extended while his left hip and 
knee are flexed with his foot on the table. He extends his 
left hip to within 20 degrees of complete extension and 
he actively flexes his hip without symptoms by sliding 
his heel along the table. He does not have to hold his 
knee to his chest to decrease his symptoms. When prone, 
he flexes his knees to 100 degrees without an associated 
anterior pelvic tilt or pelvic rotation and without symp
toms. At this point, he is instructed to begin hip rotation. 
Initially, hip lateral rotation causes pelvic rotation, 
which he is taught to control by contracting his abdom
inal muscles. 

By his third visit 1 week later, he walks one block 
with symptoms that do not exceed a level of 2 to 3 on a 
scale of 10. With his back against the wall and with his 
hips and knees only slightly flexed, he stands without 
symptoms. There is a visible change in the contour of 
his spine; as a result, the rotation is greatly diminished 
and he no longer stands with his back swayed backward. 
He lies supine with his hips and knees extended bilater
ally, though he has to contract actively his abdominal 
muscles to maintain this position without symptoms. 
Side-lying hip abduction and adduction are added to his 
program. Shoulder flexion while standing with his back 
against the wall is also added, but the range is limited 
because of a previous rotator cuff tear of his right 
shoulder. 

For program modification, he continues to be seen 
by the therapist on a weekly basis for 8 weeks. At the 
end of this time, he walks for 1 mile without symptoms; 
he stands and performs all exercises without symp
toms. The alignment of his spine continues to improve 
with the previous asymmetry only slightly evident at the 
time of his last visit. The patient is scheduled to play 
golf and is advised of the importance of rotating the 
hips, not the lumbar spine, when swinging his golf club. 
He is also advised to avoid playing competitively for the 
first few times on the golf course. The patient reports 
by telephone that he experiences some pain after 
playing golf, but he eliminates his symptoms by per
forming his exercises. He indicates that he will return 
to golf slowly. 



Movement Impairment SVinoromeo of tbe Lumbar Spine ____________________________________________________________ ~ ______ v~ ______ ~~~--~~-----~87 
CHAPTER THREE 

Case Presentation 2 
History. A 58-year-old male chief executive officer 

of his own business has pain down his left leg when 
standing and walking. When questioned about his work 
environment, the patient indicates that he works from 
two schedule boards that are situated behind his desk 
on the wall. There are three doors in his office, which 
allow staff to come from different directions, and his 
telephone is on the far edge of the left side of his desk. 
The schedule boards, office doors, and position of his 
telephone cause him to rotate in these directions many 
times a day. The patient is markedly overweight with a 
particularly large abdomen. To accommodate his ab
domen and keep his feet well situated on the floor, he 
sits on the edge of his chair. 

The patient has heart disease that is controlled by 
medication. He participates in a cardiac rehabilitation 
program, performing stretches that include the heel
cord stretch. To perform this stretch, the patient leans 
forward into the wall and extends his lumbar spine. He 
also performs pelvic rotation exercises in the hook-lying 
position. 

He has had prior reconstructive surgery on his left 
knee, which is larger in appearance than the right, and 
the left knee is aligned in varus. The patient's pain 
problem has been diagnosed as degenerative knee joint 
disease with radiating symptoms into his thigh and leg. 
He has been scheduled for knee joint replacement 
surgery. A physician, who is a relative, has reviewed his 
spinal radiologic studies and believes there are findings 
compatible with spinal stenosis. He is referred to phys
ical therapy for consultation to ascertain whether con
servative management of his symptoms is a possibility. 

Symptoms. The patient has immediate pain in his 
thigh and leg upon standing. His walking is limited to 
what he must do for work and self-care activities. When 
walking he rates his pain at a level of 6 to 7 on a scale of 
10. When he tries to walk for long distances the pain in
creases to a level of 8 to 9. He has some symptoms when 
sitting, but he rates this pain at a level of only 1 to 2 on 
a scale of 10. 

Alignment Analysis. There is a great increase in the 
lower lumbar curve and marked asymmetry of the 
paraspinal area with the left side approximately 3/4 of an 
inch larger than the right. He has a thoracic kyphosis. 
He is in slight anterior pelvic tilt. The iliac crests are 
level, and, as noted previously, the patient has varus of 
his left knee. 

Movement Analysis. Five standing tests are 
performed: (1) forward bending, (2) lateral flexion, (3) 
spinal rotation, (4) single-leg stance, and (5) standing 
with back against the wall. 

Forward bending. The patient's symptoms de
crease with this motion, but returning from forward 
bending increases the symptoms. 

Lateral flexion. Motion to the left increases his 
symptoms, and the movement is at the lower lumbar 
segments. Manually blocking the motion by supporting 
the patient at the waist decreases his symptoms during 
left side bending. No change in symptoms is noted with 
right side bending. 

Spinal rotation. The range of motion to the left is 
greater than to the right. 

Single-leg stance. Symptoms increase when the pa
tient stands on either his left or right leg. 

Standing with back against the wall. This position 
does not improve his symptoms. 

The following tests are performed with the patient 
in a supine position: (1) hip flexor length, (2) position ef
fects, (3) hip abductionllateral rotation from flexion, and 
(4) lower abdominal muscular strength. 

Hip jlexor length. The TFL muscle is found to be 
short bilaterally, and there is immediate anterior pelvic 
tilt when passively lowering the hip into extension, 
which is observed on both sides. 

Position effects. The patient needs pillows under 
his upper thoracic spine to accommodate his thoracic 
kyphosis. He is unable to lie with hips and knees ex
tended because of symptoms in his left lower ex
tremity. With his left knee held passively toward his 
chest, the patient can extend the right lower ex
tremity. With his right knee held to his chest, he can 
extend the left lower extremity to within 20 degrees 
of complete hip extension without symptoms. The pa
tient can slide his left lower extremity along the table, 
but he is not able to lift it from the table without ini
tiating symptoms. 

Hip abductionllateral rotation from jlexion. The 
patient performs this motion on his right side with no 
pelvic rotation. However, when he performs this move
ment with his left hip, there is pelvic rotation and some 
increase in symptoms. 

Lower abdominal muscular strength. The lower 
abdominal muscles are not tested because of pain 
with active hip flexion. However, functionally the pa
tient is unable to restrain anterior pelvic tilt or pelvic 
rotation, indicating a weakness of the abdominal 
muscles. 

The following additional tests are performed in four 
positions: (1) side lying, (2) prone, (3) quadruped, and 
(4) sitting. 

Side lying. Pelvic rotation occurs with hip lateral 
rotation on his left side but not on his right. 

Prone. The patient tolerates the prone position, but 
only when a pillow is placed under his abdomen. When 
testing knee flexion, the patient's left knee flexes only to 
90 degrees and there is compensatory pelvic rotation 
with both right and left knee flexion. Testing hip rotation 
is also associated with pelvic rotation, but this move
ment does not produce symptoms. 
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Quadruped. The patient cannot assume this posi
tion because of the pathologic condition of his knee. 

Sitting. The patient is symptom free when sitting 
with his back against the back of a chair and with the 
muscles of his lower extremities relaxed. When testing 
knee extension, there are no symptoms produced; how
ever, a slight hamstring shortness is evident. 

Muscle Length and Strength Analysis. The hip flexors 
are stiff and short, and the abdominal muscles are weak. 

Diagnosis. The patient's symptoms are related to the 
alignment of his spine and not associated with move
ments or weight bearing on his knee. The key alignment 
producing his symptoms is extension, but the rotation 
of his spine undoubtedly contributes to the narrowing 
of the intervertebral foramina. The weakness of his ab
dominal muscles and their lack of support for his spine 
when he contracts his hip flexors contribute to his 
problem. Flexing his lumbar spine in noncompression 
positions, such as leaning on a supporting surface or 
assuming the quadruped position, alleviates his symp
toms. However, the quadruped position cannot be used 
because of his knee problem. The diagnosis is rotation
extension syndrome. 

IntelVention. The primary goals ofthe patient's pro
gram are to eliminate the rotational movements in his 
activities, decrease his rotational alignment, and im
prove the strength and decrease the length of his ab
dominal muscles. 

When in a supine position, the patient performs 
heel slides, initially with one knee held to chest and then 
from the hook-lying position while contracting the ab
dominal muscles. He also performs hip abduction and 
lateral rotation. The patient cannot perform exercises 
in the side-lying position because of the pathologic con
dition of his knee joint. When in a prone position, he 
performs knee flexion. He is not able to tolerate exer
cises in the quadruped position. When in a sitting posi
tion, the patient performs knee extension. When 
standing, the patient is instructed to lean over his desk 
and stretch his spine by reaching forward while keeping 
his hips and knees flexed. This key exercise completely 
eliminates his symptoms. However, returning to the 
standing position remains difficult. He cannot simply 
straighten up because this motion extends his back. In
stead, he is instructed to flex his hips and knees to a 
greater degree, so that they are moving under the desk; 
as a result, he is in a position similar to sitting. From 
this position he stands straight up by pushing slightly 
with his arms on the desktop. He maintains this posi
tion for short periods of time without any symptoms. 
The patient uses this standing exercise many times a 
day to alleviate his symptoms and to improve the align
ment of his spine. 

The patient has also rearranged his office, closing 
all but one door and moving his schedule boards so that 
they are in front of him. He no longer has to turn to see 
them. 

Outcome. When the patient returns to the therapist 
after 1 week, he can stand momentarily without experi
encing any symptoms. He can also stand with his back 
resting against the wall without symptoms. He can sit 
and he can move from a sitting to standing position 
without symptoms. By the end of the second week, the 
patient can lie supine for brief periods with his hips and 
knees extended. 

With weekly visits to physical therapy, after 1 
month the patient is able to walk for five or six blocks 
and he is able to stand for 15 to 20 minutes without 
symptoms. When he experiences pain, he alleviates it by 
standing with his back against the wall or leaning over 
the desk and returning to the upright position as in
structed. The keys to his recovery are the changes in his 
office and movement patterns and the improved control 
of his abdominal muscles, which prevents the hip flexor 
pull on his spine. 

After approximately 11/2 years, the patient returns 
to physical therapy for evaluation and treatment inter
vention for low back and leg pain. He has performed 
well with minimal symptoms and is always able to con
trol his symptoms with his key exercises. Unfor
tunately, the patient has had another heart attack re
quiring bypass surgery. He has become quite invested 
in an exercise program and is now exercising six times 
a week, using weight training machines and performing 
water aerobics. Although the patient has lost a great 
amount of weight and has improved muscle defmition 
(the most marked improvements are in the rectus ab
dominis and the back extensors), he is performing ex
ercises that emphasize back extension or are per
formed with his back extended. The water aerobics, 
which involve repetitive hip flexion movements, are 
also contributing to his problem. A careful analysis is 
made of his exercise program. A recommendation for 
changing the performance of several exercises and an 
omission of some others is made. He is also instructed 
to resume the supine exercise of holding his knee to 
his chest while contracting his abdominal muscles and 
sliding his hip and knee into extension, using the 
change of the symptoms as a guide to determine the ex
tent of the motion. With these recommendations, his 
back pain is eliminated and he is able to walk with only 
slight pain in his leg. 

lumbar Extension Syndrome 
The lumbar extension syndrome with or without radi
ating symptoms is the second most common category of 



____________________________________________________ ~ __ o_v_e_m_e_n_t_I_m~p_a_jnn __ e_n_t_S~~~n_~_r_o_m_e_o_o~f_tb~e_L __ Um __ b_a_r_s~p_jn_e ___ ~.89 

patients found in the study by Van Dillen and associ
ates.53 As previously discussed, the loss of disk height 
exaggerates the problems associated with narrowing of 
the intervertebral foramen, which is already narrowed 
by extension of the spine. This diagnosis is common in 
patients with chronic or repeated episodes of back pain, 
in individuals older than 60 years of age, and in women 
with very weak abdominal muscles. 

Symptoms and Pain 
Complaints range from pain in the lumbosacral area to 
radiating pain into the buttock, posterior thigh, lateral 
thigh, and/or foot. The medical problems or associated 
diagnoses are spinal stenosis, degenerative disk dis
ease, spondylolisthesis, herniated disk, and osteo
arthritis of the spine. 

Alignment 
The structural variations in alignment in patients with 
the extension syndrome include thoracic kyphosis, as 
found in the older individuals or younger persons with 
Scheuermann's disease, and which is most often associ
ated with lumbar lordosis. The common acquired im
pairments of alignment are swayed upper back or ante
rior pelvic tilt and lumbar lordosis. 

Movement Impairments 
STANDING POSITION. The following tests are per

formed with the patient in a standing position: (1) for
ward bending and (2) return from forward bending. 

•• Forward bending. This movement decreases 
symptoms, but when the patient has radiating pain, pain 
may increase during this test. In some patients, particu
larly those with a large abdomen or weak abdominal 
muscles, contracting the abdominal muscles and asking 
the therapist to support his or her abdomen during 
flexion may reduce the symptoms . 

•• Return from forward bending. This move
ment increases symptoms when the patient extends the 
spine faster than he or she extends the hips. To confinn 
this diagnosis, the patient is instructed to return from 
forward bending by extending the hips while keeping 
the back from extending; the therapist notes the effect 
of this movement on the symptoms. 

SUPINE POSITION. The following tests are performed 
with the patient in a supine position: (1) position effects, 
(2) hip and knee flexion, and (3) shoulder flexion. 

•• Position effects. Compared with both hips and 
knees extended, SynlptOms decrease when a pillow is 
placed under the knees or when both knees are passively 
pulled to the chest. 

• Hip and knee flexion. The initiation of this 
movement causes anterior pelvic tilt and may increase 
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symptoms. To confinn a positive test for extension, the 
patient contracts the abdominal muscles to prevent the 
tilt during the hip flexion movement, and the therapist 
notes the effect of this movement on the symptoms. A 
patient may have to use his or her hands to pull the knee 
to the chest to avoid any hip flexor muscle activity. A 
towel or sheet can be placed under the thigh, which the 
patient then holds with his or her hands to move the 
lower extremity. 

• Shoulder flexion. Flexion of the shoulder to 180 
degrees causes lumbar extension and may increase the 
symptoms. 

PRONE POSITION. The following tests are performed 
with the patient in a prone position: (1) position effects, 
(2) knee flexion, and (3) hip extension. 

•• Position effects. Symptoms increase in the 
prone position but decrease when a pillow is place under 
the abdomen. 

•• Knee flexion. Initiation of this movement 
causes anterior pelvic tilt and may increase the symp
toms. To confinn a positive test for lumbar extension, 
the therapist stabilizes the pelvis to prevent the anterior 
tilt and notes the effects on the symptoms. 

•• Hip extension. This movement causes exces
sive lumbar extension and may increase the symptoms. 

QUADRUPED POSITION. The following tests are 
performed with the patient in a quadruped position: 
(1) lumbar extension and flexion, (2) rocking forward, 
and (3) rocking backward. 

• Lumbar extension and flexion. Allowing the 
lumbar spine to extend increases the symptoms, and 
flexing the lumbar spine decreases the symptoms. 

•• Rocking backward. This movement de
creases the symptoms. The patient may have to push 
with the hands to rock backward to avoid using the hip 
flexors. 

•• Rocking forward. This movement causes an 
increase in the symptoms. 

SITTING POSITION. The following tests are performed 
with the patient in a sitting position: (1) lumbar exten
sion and (2) flat or flexed lumbar spine . 

•• Lumbar extension. Arching the back by 
pulling the lumbar spine forward into extension in
creases the symptoms. 

•• Flat or flexed lumbar spine. Instructing the 
patient to sit with the back flat and supported or 
slumped decreases the symptoms. 

STANDING WITH BACK TO WALL. The flat lumbar spine 
test is performed with the patient in this position. 

•• Flat lumbar spine. This movement decreases 
symptoms. The patient relaxes the back muscles and 
does not attempt to stand up straight. The patient's feet 
are far enough away from the wall to allow the lumbar 
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spine to flatten against the wall. The patient also flexes 
the knees and hips. 

GAIT. The lumbar extension test is performed while 
the patient is walking. 

• Lumbar extension. When walking, there is ex
cessive lumbar extension during the stance phase that 
increases symptoms. To confirm this diagnosis, the pa
tient is asked to contract the abdominal muscles and 
take small steps. The therapist notes the effect of these 
movements on the symptoms. 

Summary 
Alignment, stresses, or motions that contribute to 
lumbar extension increase symptoms, whereas the 
prevention of these stresses or motions decreases 
symptoms. 

Flexibility and Stiffness Impairments 
The lumbar spine is more flexible into extension than ei
ther the counteracting tautness of the abdominal mus
cles that tilt the pelvis posteriorly or the anterior sup
porting structures of the spine that limit extension. The 
hip flexors are stiffer than the abdominal muscles that 
tilt the pelvis posteriorly. The latissimus dorsi muscle 
may also be stiffer than the abdominal muscles and con
tribute to excessive lumbar extension. 

Muscle and Recruitment Pattern Impairments 
The activity of the hip flexor muscles is more dominant 
than the abdominal muscles when, for example, the pa
tient leans forward while in the sitting position. The ac
tivity of the back extensor muscles is more dominant 
than the activity of the hip extensors. 

Impairments of muscle length and strength may 
also be observed. External oblique abdominal muscles 
may be weak or long. Hip flexor muscles, as well as 
lumbar paraspinal muscles, may be stiff or short, espe
cially in the patient with a thoracic kyphosis. A weak
ened gluteus maximus may be present. 

Confirming Tests 
Flattening the lumbar spine decreases the symptoms. 
Eliminating hip flexor muscular activity, particularly 
the activity of the iliopsoas muscle, decreases the 
symptoms. 

Summary 
Structural changes in the lumbar spine, such as a loss of 
disk height or the formation of exostoses at the facet 
joints, reduce the tautness of the restraining ligaments 
and narrow the intervertebral foramen. Structural 
changes also alter the alignment of the facet joints. Con
trol by the abdominal muscles is particularly important 
in preventing excessive lumbar extension, both at rest 
and during movements. The emphasis is on control, 

which implies that the abdominal muscles are func
tioning optimally at the right length, which is not syn
onymous with generalized abdominal strengthening ex
ercises. Excessive activity of the hip flexors, particularly 
the iliopsoas muscle, contributes to the extension 
problem. The patient needs to be aware of how daily ac
tivities contribute to the problem and how to use the ab
dominal muscles effectively. 

Treatment 
PRIMARY OBJECTIVES. The primary objectives of the 

program are to correct the lumbar lordosis, if present, 
and to improve the activity of the abdominal muscles 
to avoid the extension stresses that increase the pa
tient's symptoms. Often there is an imbalance in the 
stiffness of the abdominal muscles as compared with 
that of the hip flexors. With such imbalance, stretch of 
the hip flexors causes anterior pelvic tilt and lumbar 
extension. A variety of postures, such as sitting at the 
edge of the chair, exaggerate lumbar extension. Exam
ples of activities that contribute to lumbar extension 
are as basic as moving from a sitting to a standing PO
sition by arching the back or as basic as walking, es
pecially when the patient has short hip flexor muscles 
and weak abdominal muscles. The most effective re
habilitation program identifies the impaired movement 
patterns and instructs the patient to correct these pat
terns, enabling the patient to almost constantly correct 
the causes of the pain. 

CORRECTIVE EXERCISE PROGRAM 
Supine exercises. Exercises that emphasize short

ening and stiffening of the abdominal muscles while 
stretching the hip flexors are the most common inter
vention. These supine exercises may begin with heel 
slides and hip and knee extension from the hook-lying 
position and may progress to more challenging exer
cises for the external oblique muscles that are described 
in Chapter 7. When there is shortness of the lumbar back 
extensors, the patient may need to perform bilateral 
knee-to-chest exercises, but he or she has to avoid the 
pull of the hip flexors on the lumbar spine while per
forming this exercise. The exercise of hip abduction and 
lateral rotation from flexion improves the control of 
pelvic rotation by the abdominal muscles. If the patient 
has a kyphosis, shoulder flexion with the spine stabi
lized will help correct this postural impairment. Asking 
the patient to take a deep breath odo simply lift his or 
her chest while the arms are flexed over the head will 
help correct depressed chest alignment. 

Side-lying exercises. Hip abduction improves the 
control of the pelvis by the lateral abdominal muscles. 
When the TFL, anterior gluteus medius, or gluteus min
imus are short, improving the performance of the pos
terior gluteus medius is important to counterbalance the 
activity of these hip flexor muscles. 
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Prone exercises. Knee flexion and preventing ante
rior pelvic tilt by contracting the abdominal muscles im
prove the performance of the abdominal muscles and 
also stretch the rectus femoris and TFL muscles. Hip lat
eral rotation also helps stretch the TFL muscle. Hip ex
tension is usually contraindicated when the patient has 
symptoms, because this movement increases lumbar ex
tension. 

Quadruped exercises. Instructing the patient to 
flex the lumbar spine in this position while rocking back
ward often decreases symptoms. If the patient has a tho
racic kyphosis, this exercise allows the thoracic spine 
to straighten, which is a useful position in which to start 
correcting this alignment. 

Si tting exercises. Correcting impairments of sit
ting alignment is a most important therapeutic measure. 
The patient uses the back of the chair, and he or she may 
need a footstool. If the patient has a kyphosis, the ab
dominal muscles are contracted to keep the lumbar 
spine flat and the shoulders are flexed while maintaining 
an erect thoracic spine to improve the performance of 
the thoracic paraspinal muscles. 

Standing exercises. While standing against the wall 
with the lumbar spine flat and the knees and hips flexed, 
the abdominal muscles are contracted and the hips and 
knees are extended. This extremely effective exercise is 
the best for improving the control of the abdominal mus
cles while avoiding hip flexor muscular activity. Many 
patients get relief from symptoms by simply assuming 
this position. Performing shoulder flexion while con
tracting the abdominal muscles is also another exercise 
for improving alignment and the performance of the ab
dominal muscles. 

CORRECTING POSTURAL HABITS AND MOVEMENT PAT
TERNS. After observing the sitting alignment and the sit
to-stand and walking patterns that can contribute to 
lumbar extension, the patient is taught how to correct 
these patterns. Another activity that contributes to 
symptoms is driving an automobile with a standard 
transmission that requires bilateral hip and knee flexion. 
The patient needs to minimize this motion, contracting 
the abdominal muscles when performing this motor pat
tern. The patient is instructed to rotate the right hip 
while pivoting on the heel to move from the gas pedal to 
the brake, instead of using active hip and knee flexion 
to perform the same function. 

Case Presentation 
History. A 32-year-old woman is referred to a phys

ical therapist for evaluation and intervention of pain in 
her abdominal, pelvic, and low back areas. She was in
volved in a serious motor vehicle accident 6 years ear
lier. She sustained fractures of her pelvis that healed 
with some malalignment of her pelvis. She works as a 
doctor's assistant in a busy general medicine practice. 

CHAPTER THREE 

Her work activities involve a great deal of standing and 
bending during the day. Five days before her referral, she 
was involved in another automobile accident. She is now 
experiencing pain in her abdomen and pelvis. A radio
logic examination reveals no new findings. The pelvic 
fractures from her previous accident are on the right side 
of her pelvis. 

Symptoms. Her symptoms worsen when she tries to 
move, particularly when recumbent. Turning and 
changing positions in bed is painful. She feels best in the 
morning after arising but experiences increasing pain 
during the latter half of her workday. The patient has 
tenderness throughout her abdomen and pelvis. She 
rates her pain at 6 to 7 out of 10. 

Alignment Analysis. The patient is slightly built with 
a marked increase in the lumbar curve in her lower 
spine. She is in anterior pelvic tilt. When standing, her 
left iliac crest is slightly higher than the right. She sits 
with most of her weight on her left buttock, and in a sit
ting position her right iliac crest appears to be lower 
than the left. Elevating her right ischial tuberosity makes 
her more uncomfortable, because she prefers to have 
most of the weight bearing on her left ischial tuberosity. 

Movement Analysis. She experiences pain when 
standing, and she cannot tolerate standing with her 
back against the wall because of the marked tenderness 
over her sacrum. The following standing tests are per
formed: (1) forward bending, (2) lateral flexion, (3) ro
tation, and (4) single-leg stance. 

Forward bending. This motion increases her pain. 
Supporting her body weight with her hands and arms on 
a table allows her to bend forward with less discomfort. 
She also reports pain with the return movement from 
forward bending. 

Lateral flexion. This motion does not change her 
symptoms, and she has symmetrical C-curves with side 
bending to the left and right sides. 

Rotation. These motions are symmetrical. 
Single-leg stance. With flexion of either hip, this 

motion increases her back pain. 
The following tests are performed with the patient 

in a supine position: (1) hip flexorlength, (2) position ef
fects, (3) hip abductionllateral rotation from hip flexion, 
(4) abdominal muscle strength, and (5) hip and knee 
flexion. 

Hip jlexor length. While performing this test, her 
pelvis almost immediately moves into an anterior tilt 
when either hip is lowered into extension, even though 
the patient has completely relaxed her hip flexor mus
cles. She reports an increase in back pain when the hip 
is in 30 degrees of flexion. The right hip extends slightly 
less than the left. 

Position effects. She reports increased symptoms 
when her hips and knees are extended. However, even 
when her hips and knees are flexed passively, she is un-
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comfortable because of the tenderness over her sacrum, 
which is quite prominent. 

Hip abductionllateral rotation from hip flex ion. 
This motion causes pain in her hips with only the 
slightest of motion. Both the right and left hips are 
painful. 

Abdominal muscular strength. The strength of the 
abdominal muscles is less than lout of 5. 

Hip and knee flexion. Initiation of unilateral hip 
and knee flexion is almost immediately associated with 
pelvic rotation and an increase of symptoms. Stabilizing 
her pelvis decreases her symptoms. 

The following additional tests are performed in five 
positions: (1) side lying, (2) prone, (3) quadruped, (4) sit
ting, and (5) stance phase of gait. 

Side lying. The patient is more comfortable in this 
position than in the supine position. Although she has a 
broad pelvis, her symptoms are not improved by a sup
port under her side at waist level. Hip movements are all 
painful. 

Prone. The patient needs a pillow under her ab
domen to tolerate this position. There are no changes in 
her symptoms and no pelvic motion when testing knee 
flexion in the prone position. She is not able to perform 
the movements to test hip rotation because of the pain 
in her hips. 

Quadruped. The patient reports pain in her pelvis 
in the quadruped position, which increases with at
tempts to rock backward. She also feels pain in her lower 
abdomen in this position. 

Sitting. The patient stands only 5 feet, 2 inches 
tall. Consequently, her feet do not touch the ground. 
When properly positioned, enabling her to use the 
backrest of the chair and a foot stool to support her 
feet, she is comfortable. 

Stance phase of gait. When the patient walks, 
marked pelvic rotation is evident during the stance 
phase, bilaterally. 

Muscle Length and Strength Analysis. The hip flexors 
are short, and the abdominal muscles are weak and 
painful to palpation. 

Diagnosis. The patient has tenderness over her en
tire pelvic and abdominal areas. Her hip flexors are 
short, and she is in anterior pelvic tilt. Any movement 
that requires the use of her abdominal muscles increases 
her pain. The soreness and tenderness after the most re
cent automobile accident can be attributed to muscle 
strain, as well as to the additional stress on her pelvis 
and lumbar spine caused by her preexisting pelvic 
malalignment and lordosis. The diagnosis is abdominal 
muscle strain and lumbar extension syndrome without 
radiating symptoms. 

IntelVention. The primary recommendation is that 
she use lumbopelvic support. She is fitted with an elastic 

back brace that supports her abdominal muscles and her 
spine. She is also taught how to perform heel slides, but 
her discomfort in the supine position makes it difficult 
for her to perform these exercises. Because of her 
schedule, the patient does not return for intervention for 
4 weeks. This is a reasonable period to wait for a return 
visit, because time is necessary for the muscle strain to 
subside. The elastic back brace gives her significant re
lief from pain. 

Approximately 4 weeks after her first visit, she is 
reevaluated. She reports that the back brace has helped 
her and that she is able to function during the day and is 
more comfortable when standing. She no longer feels 
the same tenderness in her abdominal muscles, but she 
still experiences pain in her pelvis and low back. She 
rates her pain at 4 to 5 out of 10. When standing, a 
marked lordosis is obvious and the hip flexor length test 
supports shortness of her hip flexors, including her il
iopsoas. She lacks 25 degrees of complete hip extension 
bilaterally. During the test, more anterior pelvic tilt is ev
ident on the right side than on the left. 

When in a supine position, the patient is taught to 
hold one knee to her chest, contract her abdominal mus
cles, and slide the other hip into extension. She is 
instructed to repeat this exercise with the contralateral 
extremity. With a pillow under her abdomen and lying 
in the prone position, the patient is instructed to con
tract her abdominal muscles and then flex her knee. 
When standing with her low back against the wall and 
her hips and knees flexed enough to allow her lumbar 
spine to flatten against the wall, she is instructed to ex
tend her hips and knees while contracting her abdom
inal muscles. The therapist also observes that when the 
patient becomes uncomfortable while standing, she re
peatedly extends her back. She is asked to avoid this 
movement and to stand with her lumbar spine against 
the wall for a brief period. 

The patient returns 2 weeks later and reports that 
for 1 week she experienced an increase of tenderness in 
her anterior pelvic area, but now she feels better. She is 
sleeping better and is able to roll and turn without pain. 
She also tolerates a full day of activity without signifi
cant discomfort. Since she has switched her strategy of 
leaning back when uncomfortable to standing with her 
back supported against the wall, the pain diminishes 
more rapidly. 

The patient can lie supine with her hips and knees 
extended with minimal discomfort, but she has to con
tract her abdominal muscles actively. Her hip flexor 
length test indicates that her hip flexors still lack 10 de
grees of normal length. In the prone position, she is still 
unable to abduct her hip or perform more than 10 de
grees of hip medial or lateral rotation without pain in the 
hip joints. 
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The slight increase of pain in the anterior pelvic 
area is attributed to the stretch of her hip flexors and the 
strengthening of her abdominal muscles. Her back pain 
is clearly related to the lordosis and increased extension 
movements of her lumbar spine. For her maintenance 
program she is instructed to continue performing her 
current exercises and hip abduction in the prone posi
tion with a pillow under her abdomen. She is asked to 
limit the range of motion to the onset of pain in her hips. 
A walking program is recommended during which she 
is to contract her abdominal and gluteal muscles on the 
side of the swing leg at heel strike. She is also instructed 
to place her hands on her pelvis while walking to mon
itor the motion and to limit rotational movements, which 
requires that she take smaller steps. 

Outcome. Approximately 3 months after her ini
tial visit, the patient is able to tolerate a full day of ac
tivity without pain. She performs all activities of daily 
living without difficulty or symptoms. She can lie 
supine with both hips and knees extended for pro
longed periods. Her hip abduction motion has in
creased to 15 degrees bilaterally, and her hip rotation 
ranges are also 15 degrees. 

Lumbar Rotation Syndrome 
Although rotation is a common cause of pain, it is not 
common to find a patient that has a pure lumbar rota
tion syndrome. Because lateral flexion includes the ro
tation movement, there are some patients that experi
ence increased symptoms with simply rotating or side 
bending movements. They fall into this category. 

Symptoms and Pain 
Symptoms are usually transient and occur with changes 
in position. The patient with lumbar rotation syndrome 
may also have difficulty sitting in one position for a pro
longed period. He or she may have low level aching in 
the back. Radiologic diagnoses include degenerative 
disk disease, spondylolisthesis, osteoarthritis, spinal in
stability, and facet syndrome. 

Alignment 
The structural variations in alignment and body pro
portions that may be present in patients with the rota
tion syndrome include the following: (1) a broad pelvis 
with a narrow trunk, (2) a bony leg-length discrepancy, 
(3) hip antetorsion or retrotorsion, and (4) scoliosis. 
The acquired impairments in alignment are asymmetry 
between the right and left lumbothoracic paraspinal 
areas and apparent leg-length discrepancy. 

Movement Impairments 
STANDING POSITION. In the standing position the fol

lowing tests should be performed: (1) forward bending, 

(2) lateral flexion, (3) rotation, and (4) single-leg 
standing. 

•• Forward bending. Most often this movement 
does not cause pain. Some asymmetry in the lumbar 
spine may be evident in the fully flexed position. The 
return from forward bending may cause pain when the 
patient slightly rotates while returning to the upright 
position . 

•• Lateral flexion. This movement can be asym
metric when comparing one side with the other. The 
lumbar spine has a single segment that is the axis of mo
tion during lateral flexion, which may be associated with 
hypertrophy or stiffness of the paraspinal muscles (see 
Figure 3-19, C-F). Also, there may be an increase in symp
toms with lateral flexion. To confinn the positive test for 
lumbar rotation, the patient is stabilized on the lateral 
side of the thorax at the level of the iliac crest on the side 
to which the patient is side bending. The therapist asks 
the patient to repeat the motion and notes any changes 
in symptoms, shape of the curve, or range of motion. 

• Rotation. Rotation toward one side versus the 
other can be asymmetric. 

• Single-leg stance. This position is associated 
with lateral trunk flexion (Figure 3-39) or with pelvic 
rotation. 

SUPINE POSITION. The following tests are performed 
with the patient in a supine position: (1) hip flexor length, 
(2) position effects, (3) hip and knee flexion, (4) hip 
abductionllateral rotation from flexion, and (5) lower 
abdominal muscular strength. 

• Hip flexor length. Often the anterior pelvic tilt 
during the test is greater on one side than on the other . 

•• Position effects. Symptoms may increase when 
hips and knees are extended. If the TFL muscle is short, 
flexing or abducting the hip will decrease the symptoms 
because the rotation of the pelvis is alleviated. 

•• Hip and knee flexion. Since pelvic rotation 
may occur during active hip and knee flexion, this move
ment may increase symptoms. To confinn a positive test 
for lumbar rotation, the pelvis is stabilized and the ther
apist notes the effect on the symptoms. 

•• Hip abduction/lateral rotation from 
flexion. This movement may cause pelvic rotation and 
an increase in symptoms. To confinn a positive test for 
lumbar rotation, the pelvis is stabilized and the motion 
is repeated. The therapist notes the effects of this mo
tion on the symptoms. 

• Lower abdominal muscle strength. Pre
venting lumbopelvic rotation by controlling the ab
dominal muscles is more important than abdominal 
muscular strength. Many patients have strong abdom
inal muscles, but they do not control the lumbopelvic 
rotation associated with movement of the lower 
extremities. 
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Lateral flexion flexibility during single-leg standing and side 
bending. A Left hip and knee flexion while standing on the right lower 
extremity does not cause lumber spine moton. B, Right hip and knee 
flexion while standing on the left lower extremity causes thoracolumbar 
flexion. C Side bending to the right is associated with minimal lateral 
shift of the pelvis. 0, Side bending to the left is associated with lateral 
shift of the pelvis and a greater degree of thoracolumbar flexion than 
side bending to the right. The differences in the trunk motion during 
the two tasks suggests that lateral upper trunk flexion to the left is more 
flexible than to the right. 

• Rolling. Symptoms may increase when the pa
tient rolls onto his side and rotates his pelvis by 
pushing with the feet before turning the upper body. 
To confirm a positive test for lumbar rotation, the pa-

tient is instructed to roll so that the trunk and pelvis 
move together. The therapist notes the effect on the 
symptoms. 

Additional tests are performed in the following four 
positions: (1) side lying, (2) prone, (3) quadruped, and 
(4) sitting. 

SIDE-LYING POSITION 

• Hip lateral rotation. This movement may be as
sociated with pelvic rotation. 

• Hip abduction and adduction. Either move
ment may be associated with a lateral pelvic tilt, which 
supports a positive test for lumbar rotation because lat
eral flexion of the lumbar spine is associated with rota
tion (Figure 3-40). 

PRONE POSITION 

•• Knee flexion. This movement may cause pelvic 
rotation and an increase in symptoms. To confirm a pos
itive test for lumbar rotation, the pelvis is stabilized and 
the motion is repeated. The therapist notes the effects 
of the knee flexion movement on the symptoms . 

•• Hip rotation. This movement may be associ
ated with lumbopelvic rotation and an increase in the 
symptoms. To confirm a positive test for lumbar rota
tion, the pelvis is stabilized and the hip rotational mo
tion is repeated. The therapist notes the effects of the 
movement on the symptoms. 

QUADRUPED POSITION 

•• Rocking backward. The lumbar spine or pelvis 
rotates as the patient rocks backward. The pelvis may 
also tilt laterally. The symptoms may lessen because of 
the decrease in compression between the vertebral seg
ments . 

•• Shoulder flexion. This movement may cause 
rotation of the lumbar spine. 

SITTING POSITION 

•• Knee extension. This movement may cause ro
tation of the pelvis and spine. 

Summary 
The primary problem is rotation of the spine. Rather 
than throughout the spine, the motion occurs at one or 
two segments. This tendency for excessive rotation may 
also occur during movements of the extremities. 

Flexibility and Stiffness Impairments 
The lumbar spine is more flexible into rotation and lat
eral flexion at the lower segments than it is at the upper 
segments and during the hip motions of adduction and 
rotation. The paraspinal muscles can be stiffer than the 
abdominal muscles, contributing to the lateral flexion 
occurring at only a couple of segments. The hip ab
ductors can be stiffer than the lateral abdominal mus
cles, contributing to lateral pelvic tilt and associated 
lateral flexion of the spine. 
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Relative flexibility of the lumbar spine during side bending. A Neutral alignment of the lumbar spine 
is demonstrated during standing. B, During side bending, the movement appears to be occurring at the low
est lumbar segments. C Blocking the motion at the most flexible site demonstrates that the rest of lumbar 
spine can side bend, as long as motion is blocked at the segment where it occurs most easily. 0 , When the 
patient is lying on her right side, the motion at the flexible lumbar segment is evident. E, When she abducts 
her hip while maintaining slight hip extension, the pelvis tilts laterally and the motion at the lumbopelvic 
segment is further increased. 

CHAPTER T HREE 
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Muscle and Recruitment Pattern Impairments 
There is inadequate recruitment of the external oblique 
and the contralateral internal oblique to control rotation. 
Dominance of the activity of the rectus abdominis 
muscle may contribute to this recruitment pattern im
pairment. There may also be length and strength im
pairments. The TFL, hip abductor, and/or paraspinal 
muscles may be stiff or short. 

Confirming Tests 
Preventing the lumbar rotation or lateral flexion that oc
curs with trunk movements or during movements ofthe 
extremities decreases the patient's symptoms. 

Summary 
Rotational motions are usually a frequent part of the pa
tient's activities. Although the thoracic spine has the 
greatest rotational range, in some patients the rotation 
involves the lumbar spine. As a result, the lowest lumbar 
segments become particularly flexible in the direction 
of rotation. Some muscles of the hips become stiffer 
than the abdominal muscles. The lack of control by the 
abdominal muscles contributes to the compensatory 
trunk rotation and lateral spine flexion. As a result, ro
tational motions that should be confined to the hips also 
involve the lumbar spine. 

Treatment 
PRIMARY OBJECTIVES. Preventing rotation in lumbar 

spine or the lumbopelvic articulation decreases the 
symptoms. This objective is best achieved by helping the 
patient identify the rotational movements that are per
formed during daily activities, such as rotating at a desk 
or leaning on one arm into lateral flexion. Although pa
tients may rotate their chairs, they often do so by the mo
mentum of turning their upper bodies. If patients par
ticipate in sports that involve rotation, maximizing the 
rotational flexibility of the hips to avoid compensatory 
motions in the lumbar spine is an essential part of the 
program. Correction of the rotation malalignment is 
achieved primarily by the rocking backward exercise 
using the quadruped position. Other exercises are de
signed to increase the stability provided by the abdom
inal muscles. 

CORRECTIVE EXERCISE PROGRAM 
Supi ne. The progression of exercises for the lower 

abdominal muscles (described in Chapter 7) is designed 
to improve the control and performance of the abdom
inal muscles. The exercise of hip abductionllateral ro
tation from flexion and hip adduction/medial rotation 
will also improve the control of the abdominal muscles 
and teach the patient to prevent associated lumbopelvic 
rotation. Another exercise that improves the perfor
mance of the abdominal muscles is abduction of the 

shoulder on a diagonal of 135 degrees with a weight and 
then the return movement of shoulder adduction to 90 
degrees. 

Side lying. Performing hip lateral rotation to dis
sociate hip motion from lumbopelvic motion is helpful 
to the patient with the rotation syndrome. Additional 
exercises that improve the control of the lateral ab
dominal muscles include hip abduction and adduction 
performed without lateral pelvic tilt. 

Prone. Knee flexion and hip lateral rotation without 
lumbopelvic rotation improve the extensibility of the hip 
and anterior thigh muscles and the performance of the 
abdominal muscles. 

Quadruped. The patient should perform the 
rocking backward motion while preventing any rotation 
of the spine or hip joint. Another exercise that improves 
the control of the abdominal muscles is unilateral 
shoulder flexion while contracting the abdominal mus
cles, which prevents lumbar spine rotation. 

Sitting. The patient should perform knee exten
sion while preventing lumbopelvic rotation. 

Standing. The most important exercise in the 
standing position is the performance of lateral flexion 
with a support at the lateral side of the trunk at the waist 
level to prevent any lateral shear or single axis motion 
in the lowest segments of the lumbar spine. 

CORRECTING POSTURAL HABIT AND MOVEMENT PATTERNS. 
As previously mentioned, the most important aspect of 
an intervention program is to help the patient identify 
the myriad of ways he or she may be provoking symp
toms by rotating the lumbar spine during daily activities, 
as well as during recreational or sporting activities. The 
strategy is preventing the rotation in the lumbar spine 
and limiting the rotation to the hip joints and the tho
racic spine. However, the therapist must be certain that 
the motion is occurring in the upper thoracic spine. 
Many people sit while laterally flexed or slightly rotated 
without being aware they are assuming these postures. 
Crossing the legs or sitting on a leg can also rotate the 
spine. Short people are the most likely to sit on their legs 
because their feet do not touch the ground while using 
most chairs. 

Case Presentation 
History. A 26-year-old graduate student has devel

oped back pain, primarily as the res\llt of sitting in class 
for 5 to 6 hours a day. Her course of study requires this 
prolonged sitting for 5 days a week. The patient is quite 
active in sports and participates in intramural volleyball, 
Frisbee, basketball, and softball. She has experienced 
episodes of back pain in the past, but typically they have 
been of short duration and have not interfered with her 
sporting or studying activities or her ability to concen
trate in class. 



Movement Impairment S~norome" of tbe Lumbar Spine ______________________________________________________________ ~ ______ ~ ______ ~ __ ~----~~----\97 

CHAPTER THREE 

Symptoms. The symptoms are described as an 
aching in her lower back across the lumbopelvic area. 
When severe, she rates her pain at a level of 5 to 6 on a 
scale of 10. Her symptoms usually improve after 
sleeping at night. She prefers sleeping in a prone posi
tion. Most recently her discomfort has increased enough 
to awaken her at night when she turns. 

Alignment Analysis. The patient's chest is slightly de
pressed. She stands with her upper back swayed back, 
but she is not in a posterior pelvic tilt. As a result, there 
is some increase in the extension of her lower lumbar 
curve. She is slender with good muscle development. 

Movement Analysis. The following standing tests are 
performed: (1) forward bending and return from for
ward bending, (2) lateral flexion, (3) rotation, and (4) 
single-leg stance. 

Forward bending and return from forward 
bending. Both movements are performed without any 
increase in symptoms. Her hip flexibility is good with 85 
degrees of hip flexion, and her lumbar spine has a final 
flexion position of 15 degrees. 

Lateral jlexion. When the patient flexes to either 
side, the motion occurs only in the lowest of the lumbar 
segments and her spine remained perfectly straight 
without any curvature. The motion also increases her 
symptoms. When stabilized at the side of the thorax, she 
is unable to side bend. This finding is the same when she 
attempts motion to either side. 

Rotation. The range is the same on both sides and 
does not elicit symptoms. 

Single-leg stance. There is slight pelvic rotation to
ward the side of the stance leg with the trunk remaining 
in a constant position. 

The following tests are performed with the patient 
in a supine position: (1) hip flexor length, (2) hip and 
knee flexion, and (3) hip abductionllateral rotation from 
flexion. 

Hip flexor length. There is normal length, and the 
movement is performed without compensatory motion. 
She does not experience symptoms with her hips and 
knees extended. 

Hip and knee jlexion. Passively, her hip flexibility 
is within normal limits. Actively, pelvic rotation of 1/2 

inch is evident with movement of either lower extremity 
with no change in symptoms. 

Hip abductionllateral rotationfromjlexion. There 
is slight pelvic rotation during the first 50% of the mo
tion. There is more rotation with the right lower ex
tremity motion than there is with the left. 

The following tests are performed in four positions: 
(1) side lying, (2) prone, (3) quadruped, and (4) sitting. 

Side lying. There is no pelvic rotation during either 
the hip lateral rotation test or the hip abduction and ad
duction test. 

Prone. The prone position does not produce a 
change in symptoms. During the knee flexion test, there 
is no pelvic motion and no change in symptoms. There 
is slight pelvic rotation during hip lateral rotation, pri
marily during the last part of the range. This compen
satory motion is present with hip rotation with both the 
right and left lower extremities. 

Quadruped. There are no signs of rotation in the 
resting alignment. There is no change in alignment or in 
symptoms during the rocking backward test. 

Sitting. Flexing or extending her spine does not 
change her symptoms. When she leans to one side, even 
slightly, the movement occurs at the lowest lumbar seg
ment, as has been seen in the standing position during 
lateral flexion. There is no lumbar or pelvic motion 
during the knee extension test. Hamstring length is 
normal. 

Muscle Length and Strength Analysis. The back ex
tensor muscles are short, as derived from the patient's 
inability to flex the thorax laterally when motion is 
blocked at 14, L5, and S1. All other muscles are within 
normal limits for length and strength, except there is 
some evidence that the abdominal muscles do not pre
vent pelvic rotation during lower extremity movements. 

Diagnosis. The only notable muscle impairment is a 
shortness of the patient's back extensor muscles. She 
also stands in a slightly exaggerated position of lumbar 
extension, but she does not have any symptoms that are 
produced by extension nor are her symptoms alleviated 
by lumbar flexion. The patient indicates that she has 
been working as a part-time waitress and has been car
rying heavy trays. This activity, combined with her 
sports, had created a DSM of lumbar rotation. In this 
system, lateral spine flexion impairments are considered 
rotational impairments. When she sits in class, she has 
a habit of frequently shifting from one side to another. 
Her books are kept on the floor next to her chair; as a 
result, she frequently leans to one side to select a book 
or notebook. This repetitive motion irritates her lower 
spinal motion segments and probably creates a situation 
that has resulted in instability. The diagnosis is lumbar 
rotation syndrome. 

Intervention. The primary objective of the program 
is to eliminate the subtle side-bending motions that the 
patient is performing. The exercises are selected on the 
basis that they will help her control the pelvis and pre
vent any rotational motions of the lower lumbar spine. 

From the supine position, the patient is taught the 
movements of the active hip and knee flexion exercise 
in which she contracts her abdominal muscles to pre
vent pelvic rotation. She performs the hip abduction! 
lateral rotation exercise by contracting her abdominal 
muscles to prevent pelvic rotation. From the prone po
sition she performs hip lateral rotation while con-
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tracting her abdominal muscles, again to prevent pelvic 
rotation. From a sitting position she is instructed to 
place her hand against her side, just above the iliac 
crest, and lean her shoulders without side bending her 
lumbar spine. She is asked to avoid any side-bending 
movements when sitting. 

A standing exercise, along with these sitting rec
ommendations, is considered the most important part of 
her exercise program. She places her hand at her side, 
just above the iliac crest, and leans to the side by tilting 
her shoulders without moving her lumbar spine. She also 
contracts her abdominal muscles by "thinking about 
pulling her navel toward her spine," and she does not 
allow her upper back to sway back. She is instructed to 
perform this exercise frequently during the day. There 
are no recommended side-lying or quadruped exercises. 

Outcome. The patient has been away from the class
room setting for 6 weeks, and, as a result, the time she 
has spent in a sitting position is minimal. She is physi
cally active during this interval and even participates in 
sports. When she is reexamined 6 weeks later, she per
forms all movements without compensatory lum
bopelvic rotation. She is able to tilt her shoulders later
ally while maintaining a constant position of her lumbar 
spine, which had not been previously possible. The pa
tient indicates that she does not have any back pain, 
though she had a brief episode after falling while using 
a trampoline. After this incident the patient had a 4-
month period of sitting approximately 6 hours a day, but 
she has not experienced any significant back pain. She 
reports that she has to be careful; as long as she does 
not lean to the side and continues to perform her 
standing lateral flexion exercise, she does not experi
ence pain. 

Lumbar Rotation-Flexion Syndrome 
Studies by Pearcy show that when the patient is in a sit
ting position, the lumbar spine allows a greater degree 
of rotation than when he or she assumes an upright or 
a forward leaning position.44 Therefore the individual 
who sits at a desk in a slumped position and then ro
tates to reach a computer, the telephone, or into a file 
drawer is at risk for developing lumbar rotation-flexion 
syndrome. Clinical practice suggests that the most 
likely candidates for pain associated with flexion are 
men, usually between the ages of 18 and 45 years. In 
part, this trend may be because men have less hip 
flexion flexibility, are taller than women, and have 
longer tibias, which cause them to sit in lumbar flexion 
when the chair is not properly adjusted. When a patient 
with long tibia bones stands from a sitting position, the 
spine rather than the hips is often flexed when leaning 
forward to initiate the movement of lifting the hips off 
the seat of the chair. 

Symptoms and Pain 
Back pain is present most often with sitting, bending, 
and twisting. Pain is often worst on rising in the morning 
and improves with moving or after a hot shower. The pa
tient may also have radiating pain into the buttocks and 
lower extremities. Radiologic diagnoses include herni
ated disk, degenerative disk disease, osteoarthritis, and 
instability. The severity of the symptoms varies, de
pending on the acuity of the condition and the severity 
of the problem. 

Movement Impairments 
STANDING POSITION. A patient has fewer symptoms 

when in a standing position than when he or she is sit
ting. The following tests are performed with the patient 
in a standing position: (1) forward bending, (2) corrected 
forward bending, (3) lateral flexion, (4) rotation of the 
trunk, and (5) single-leg standing. 

•• Forward bending. Most often the lumbar 
spine flexes more readily than the hips, the range of hip 
flexion may be limited, and in this scenario the symp
toms may increase. The paraspinal area of the spine 
may appear to be asymmetric. Although many men 
have limited hip flexion during forward bending, short
ness of the hamstring muscles is not always the primary 
reason. If a man is asked to support his upper body with 
his arms by placing his hands on an elevated table, he 
will likely achieve at least 75 to 80 degrees of hip 
flexion. Limited hip motion is the result ofthe influence 
the hamstrings exert to control the weight of the trunk, 
not because the muscles are short. Stretching the ham
string muscles is not a recommended method of 
changing the forward bending pattern. As previously 
mentioned, forward bending is considered a sensitive 
test, not a specific test. 

•• Corrected forward bending. To confirm a 
positive test for lumbar flexion, the patient places his 
hands on a table and forward bends by flexing the hips, 
not the lumbar spine. The symptoms should decrease. 
The patient may also need to flex the knees when 
bending forward. 

•• Lateral flexion. Symptoms may increase and 
the motion should be asymmetrical. To confirm a posi
tive test for lateral flexion, the therapist provides sup
port at the lateral side of the thorax to prevent the mo
tion of one segment and notes. the effect of the 
movement on the symptoms. 

• Rotation of trunk. This movement is often 
asymmetric in the range of motion. 

• Single-leg stance. There is often rotation in the 
lumbopelvic area with asymmetry noted from side to 
side. 

SUPINE POSITION. The following tests are performed 
with the patient in a supine position: (1) hip flexor length, 
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(2) position effects, (3) hip and knee flexion, and (4) hip 
abductionllateral rotation from flexion. 

• Hipflexor length. Unilateral TFL muscular stiff
ness with compensatory lumbopelvic rotation is a rela
tively common finding in the patient with lumbar 
rotation-flexion syndrome. 

• Position effects. The patient's symptoms do not 
usually increase with the hips and knees extended. 

• Hip and knee flexion. Rotation of the pelvis 
with an increase in symptoms or rotation with more than 
1;2 inch of motion, usually asymmetric from side to side, 
is considered a positive finding for lumbar rotation. The 
range into hip flexion is less than 120 degrees or there is 
associated lumbar flexion during passive hip flexion. 
With bilateral hip flexion, there is increased symptoms 
and compensatory lumbar flexion. 

•• Hip abductionllateral rotationfromflexion. 
There is increased symptoms or compensatory pelvic ro
tation of more than 1/2 inch. To confirm a positive test 
for lumbar rotation, the pelvis is stabilized. The thera
pist notes the effects of the hip motion without pelvic 
movement on the symptoms. 

SIDE-LYING POSITION. Positive results in the fol
lowing tests support the finding of excessive lateral 
flexion of the lumbar spine and thus of a rotational DSM 
and are performed with the patient in a side-lying po
sition: (1) hip lateral rotation and (2) hip abduction and 
adduction. 

• Hip lateral rotation. This movement may be as
sociated with pelvic rotation. 

• Hip abduction and adduction. These move
ments may be associated with lateral pelvic tilt in ros
tral direction. 

PRONE POSITION. The following tests are performed 
with the patient in a prone position: (1) position effects, 
(2) knee flexion, and (3) hip rotation. 

• Position effects. Symptoms may decrease in this 
position. 

•• Knee flexion. This movement may cause lum
bopelvic rotation and result in an increase in symptoms. 
To confirm a positive test for lumbar rotation, the pelvis 
is stabilized and the knee flexion motion is repeated. 
The therapist notes the effects of the movement on the 
symptoms. 

• Hip rotation. This movement may be associ
ated with pelvic rotation and an increase in the symp
toms. To confirm a positive test for lumbar rotation, 
the pelvis is stabilized and the motion is repeated. The 
therapist notes the effects of the movement on the 
symptoms. 

QUADRUPED POSITION. The following tests are per
formed with the patient in a quadruped position: (1) po
sition effects, (2) rocking backward, and (3) shoulder 
flexion. 

• Position effects. Allowing the lumbar curve to 
increase and thereby reduce the degree of flexion may 
decrease the symptoms . 

•• Rocking backward. The lumbar spine or pelvis 
may rotate while rocking backward, and the symptoms 
may increase. The pelvis may also tilt laterally. 

•• Shoulder flexion. This movement may cause 
rotation of the lumbar spine. 

SITTING POSITION. The following tests are performed 
with the patient in a sitting position: (1) position effects, 
(2) lumbar flexion, and (3) knee extension. 

•• Position effects. Increasing the lumbar curve 
may decrease the symptoms . 

•• Lumbar flexion. Flexion of the lumbar spine 
may increase the symptoms. 

•• Knee extension. This movement may cause 
lumbar flexion and rotation of the pelvis and spine. 

Summary 
The motions of flexion and rotation are the primary 
causes of low back pain or radiating symptoms. Move
ments of the extremities contribute to the lumbopelvic 
rotation. Identifying the direction of the predominant 
rotational pattern is useful in determining which activ
ities may be the primary contributor to the movement 
impairment. The other tests also help identify which 
movements of the extremities contribute to the 
problem. 

Alignment: Structural Variations 
and Acquired Impairments 
The flat lumbar spine is a structural variation more fre
quently observed in men, who normally have longer 
trunks in proportion to the lower body. Other structural 
variations are leg-length discrepancies and hip retrotor
sion and antetorsion. Hip retrotorsion is found more fre
quently in men, and hip antetorsion is found more fre
quently in women. 

Acquired impairments of alignment include the flat 
back with posterior pelvic tilt and hip joint extension, a 
swayback posture, a large abdomen, and an apparent 
leg-length discrepancy. 

Flexibility and Stiffness Impairments 
The lumbar spine is more flexible into flexion and rota
tion than the hamstring and gluteus maximus muscles 
are extensible. The hamstring muscles are stiffer than 
the back extensor muscles. 

Muscle Recruitment Pattern Impairments 
When standing in a swayback posture, the abdominal 
muscles, particularly the rectus abdominis, provide 
more trunk support than do the back extensor muscles. 
The rectus abdominis, TFL, and hamstring muscles may 
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be short or stiff. The abdominal muscles have poor con
trol of lumbopelvic rotation. 

Confirming Tests 
Preventing flexion and rotation of the lumbar spine de
creases or eliminates the patient's symptoms. The 
method of confirming each test is described by the spe
cific test. 

Treatment 
PRIMARY ORJECTIVES. The primary objective is to im

prove the control provided by the abdominal muscles, 
which prevents rotational motions of the lumbar spine 
without contributing to the lumbar flexion. The other 
muscles, whose performance needs to be improved, are 
the back extensors. The back extensor muscles need to 
be shortened or stiffened to (1) prevent compensatory 
lumbar flexion, (2) improve the motion of hip flexion, 
and (3) maintain the spine in a flat alignment when sit
ting. Because rotation is also a component of the pa
tient's problem, correcting muscles that are short or 
stiff and contribute to rotation is another important as
pect of the program. The patient also needs to know 
which activities, when performed, are causing incorrect 
movement patterns. For example, when an individual 
plays golf, he or she needs to ensure that the hips and 
thoracic spine are rotating, not the lumbar spine. When 
the patient has retroverted hips, he or she needs to stand 
with the hips slightly rotated laterally with the feet 
pointing outward, so that medial rotation range is avail
able at the hips. 

CORRECTIVE EXERCISE PROGRAM 
Supine exercises. The patient performs active hip 

and knee flexion while preventing pelvic rotation by 
contracting the abdominal muscles. Placing a folded 
towel under the lumbar spine will help prevent lumbar 
flexion that can result from the contraction of the ab
dominal muscles. The patient should carefully grade the 
amount of the contraction. After completing the flexion 
motion, the patient should use the hands to pull the knee 
to the chest to stretch the short or stiff hip extensor 
muscles. Care should be taken not to flex the lumbar 
spine during this exercise. The patient should perform 
hip abduction-lateral rotation from flexion and prevent 
lumbopelvic rotation by contracting the abdominal 
muscles. 

Side-lying exercises. The patient performs hip lat
eral rotation without lumbopelvic rotation, as well as hip 
abduction and adduction while preventing lateral pelvic 
tilt. 

Prone exercises. The patient performs knee 
flexion and then hip rotation while preventing lum
bopelvic rotation by contracting the abdominal mus
cles. To improve the performance of a weak gluteus 

maximus muscle and decrease the dominance of the 
hamstring muscles, the patient performs hip extension 
through a limited range. This exercise will also im
prove the performance of the back extensor muscles. 
The patient performs shoulder flexion from 90 to 180 
degrees to improve the performance of the back ex
tensor muscles. 

Quadruped exercises. The patient performs a 
rocking backward motion while preventing lumbar 
flexion and increasing hip flexion without lumbar 
rotation. 

Sitting exercises. The patient performs knee ex
tension with the spine against a straight-back chair. 
The patient should slightly extend the back while ex
tending the knee and preventing lumbopelvic flexion 
or rotation. 

Standing exercises. The patient performs the for
ward bending movement with the axis of motion in the 
hip joints, allowing the knees to flex. The patient per
forms lateral flexion with support at the side of the 
thorax at the level of IA and L5. 

CORRECTING POSTURAL HABITS AND MOVEMENT PATTERNS. 
The patient sits erect with the lumbar spine flat and 
hips flexed to 90 degrees. The head and shoulders are 
in line with the hips and not forward of the spine, which 
creates a flexion moment on the spine. If the patient 
has long tibia bones, the seat should be raised so that 
the hips and knees are at the same level. While moving 
to a standing position, the patient moves to the edge of 
the chair and then maintains a straight position of the 
spine. The patient must not lean to one side when sit
ting or stand with one hip in adduction; both positions 
cause lateral flexion of the spine. If the patient partic
ipates in any rotational activities, such as racquetball 
or golf, he or she should modify the pattern of the 
swing. 

Case Presentation 
History. A 39-year-old cardiologist has had episodes 

of low back pain since college, but they have not inter
fered with his activities. The patient performs cardiac 
catheterizations, which he believes has contributed to 
his recent episodes of back pain. For the year before his 
referral to physical therapy, the pain episodes have in
creased in frequency and severity. The last episode, 1 
month before his physical therapy consultation, had 
been severe enough to keep him from working. He had 
remained at home in bed for 3 days. The patient also 
plays golf and has tried to play at least once a week when 
weather permits. 

Symptoms. The patient's pain is located in his lower 
back, with pain radiating into his left buttock. During his 
last episode, the pain had radiated down his left lower 
extremity. After approximately 3 days the radiating pain 
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in his thigh and leg had ceased. No change has been 
found in his reflexes, muscle strength, or sensation in 
the right lower extremity. The patient has less pain when 
in a standing position than in a sitting position and has 
been most comfortable when walking. During his acute 
episode he had been most comfortable when lying on his 
back on the floor with his hips and knees supported in 
flexion. At the time of his examination, he had rated his 
pain at a level of 3 to 4 on a scale of 10 in the standing 
position. In the sitting position he had rated the inten
sity of this pain at a level of 6. 

Alignment Analysis. The patient is 6 feet 2 inches tall 
with a slender build. He has a slight thoracic kyphosis, 
and his lumbar spine is flat. His iliac crests are 2 inches 
higher than his belt line, and he has a flat lumbar spine. 
His iliac crests are level, and no pelvic tilt or rotation is 
present. The left side of the lumbar paraspinal area is ap
proximately 1/2 inch larger than the right. 

Alignment Analysis. The following standing tests are 
performed: (1) forward bending, (2) forward bending 
with hip flexion only and hand support of upper body, 
(3) lateral flexion, (4) rotation, and (5) single-leg stance. 

Forward bending. This motion increases the symp
toms in his spine. During the movement his lumbar spine 
flexes more rapidly than his hips. In the fully flexed po
sition, the lumbar flexion is 20 degrees, and the hip 
flexion range is 65 degrees. During the return from for
ward bending, his symptoms decrease. 

Forward bending wi th hip jlexion only and hand 
supportojupper body.VVhenthepatientflexeshisknees 
and hips and reduces the degree of lumbar flexion mo
tion, his symptoms do not increase as much as they did 
with the previous forward bending motion. 

Lateral flexion. This motion increases his symp
toms, particularly when side bending to the left. The 
range of side-bending motion toward the left is less than 
it is toward the right. Lateral stabilization at the iliac 
crest level decreases his symptoms. 

Rotation. The range of motion is slightly greater ro
tating to the left than it is to the right. 

Single-leg stance. With left hip flexion, his pelvis ro
tates toward the left. During right hip flexion, no lumbo
pelvic rotation is evident. 

The following tests are performed with the patient 
in a supine position: (1) hip flexor length, (2) hip and 
knee flexion, (3) hip abductionllateral rotation from 
flexion, and (4) abdominal muscular strength. 

Hip jlexor length. The TFL muscles are found to be 
short bilaterally. VVhen hip abduction is prevented 
during the test, there is compensatory lumbopelvic ro
tation when testing the left lower extremity. The pa
tient's symptoms decrease when recumbent. He is even 
more comfortable when a small pillow is placed under 
his left knee or his left hip is abducted. 

Hip and knee.flexion. VVhen tested passively, there 
is resistance to hip flexion at 100 degrees on the left and 
110 degrees on the right. VVhen tested actively, there is 
pelvic rotation during the first 50% of the left hip flexion 
motion and no pelvic rotation during the right hip flexion 
motion. 

Hip abductionllateral rotationjromjlexion. There 
is no pelvic rotation observed with movement of either 
lower extremity. There is no change in symptoms with 
this motion. 

The following additional tests are performed in four 
positions: (1) side lying, (2) prone, (3) quadruped, and 
(4) sitting. 

Side lying. VVhen testing hip lateral rotation, pelvic 
rotation is evident with movement of the left lower ex
tremity but not with the right. VVhen testing left hip ab
duction, there is lateral pelvic tilt and an increase in 
symptoms; when pelvic motion is restrained, the patient 
still has an increase in symptoms. There is no change in 
pelvic tilt during right hip abduction. VVhen testing left 
hip adduction, there is an associated lateral pelvic tilt 
but no change in symptoms. No pelvic tilt occurs during 
right hip adduction. 

Prone. The patient is comfortable in the prone po
sition and his symptoms are minimal. VVhen testing left 
knee flexion, the pelvis rotates counterclockwise 
without a change in symptoms. VVhen the hip is ab
ducted and the knee flexion is repeated, the pelvis does 
not rotate. There is no pelvic motion evident during 
right knee flexion. The pelvis rotates counterclockwise 
during left hip lateral rotation. No movement is evident 
during right hip lateral rotation. Lateral rotational range 
of motion is 50 degrees on the left and 55 degrees on the 
right. Although both the left and right hips rotate only 
5 degrees medially, no pelvic motion occurs during hip 
medial rotation. 

Quadruped. The lumbar spine is in slight flexion 
in the quadruped position. VVhen rocking backward, 
the lumbar spine flexes during the initiation of the 
movement into hip flexion. At approximately 50% of 
the full excursion backward, the pelvis rotates coun
terclockwise and the hips shift toward the right. This 
change in pelvic alignment means that the right hip 
flexes more than the left. The left hip is abducted and 
slightly rotated laterally, and when the patient rocks 
backward the pelvis does not rotate and the hip flexion 
range is symmetrical. 

Sitting. The patient's symptoms increase when he 
sits with his lumbar spine flexed. VVhen the lumbar spine 
is extended his symptoms decrease. In the standard 
chair the patient's knees are higher than his hips. Lum
bopelvic rotation and posterior pelvic tilt occur at -45 
degrees of left knee extension, and the patient reports 
increased symptoms when the lumbopelvic motion oc-
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curs. During right knee extension to -35 degrees, his 
pelvis tilts posteriorly and the lumbar spine flexes with 
only a slight increase in symptoms. When the lumbo
pelvic motion is prevented, the knee extends to -45 de
grees bilaterally. Assessment of hip rotational range of 
motion in the sitting position indicates that left hip lat
eral rotation is 50 degrees and right lateral rotation is 55 
degrees. Medial rotational range is 5 degrees bilaterally. 
These findings are consistent with hip retrotorsion. 

Muscle Length and Strength Analysis. The patient's 
external oblique muscles are tested at 3 + /5. The left pos
terior gluteus medius is tested at 4+/5, and the right is 
tested at 5/5. The gluteus maximus, hamstring, and both 
right and left TFL muscles are short. 

Diagnosis. The patient's examination indicates that 
his lumbopelvic area is particularly susceptible to rota
tion to the left, or counterclockwise rotation, and that 
his lumbar spine flexes easily. Although his abdominal 
muscles generate enough tension to limit the rotation, 
there are contributing factors that are more dominant. 
A major contributing factor is the retrotorsion of his 
hips. As a right-handed golfer, his hips should rotate me
dially during the follow through of his golf swing. Be
cause the structural variation of the hip prevents medial 
rotation, rotation at the lumbopelvic junction has be
come a compensatory motion. The shortness of the TFL 
muscles also exaggerates pelvic rotation during the 
stance phase of gait, particularly on his left side. 

The left hip extensor muscles are stiffer than the 
right; therefore when the patient rocks backward while 
in the quadruped position, his right hip flexes more 
readily than his left. The stiffness of the left hip extensor 
muscles causes the lumbopelvic rotation and a shifting 
of the pelvis toward the right. By abducting and laterally 
rotating the left hip, the tension decreases on the poste
rior musculature. As a result, the patient can rock back
ward with symmetrical hip flexion range because the left 
hip is no longer stiffer than the right. 

When taking a client's history, the patient sits on a 
stool that is lower than the seat of a chair. Typically, he 
crosses his right leg over his left and turns slightly to the 
left to make notes in the client's chart. When examining 
his recumbent clients, he leans over to use the stetho
scope. When performing the cardiac catheterization pro
cedure, he is required to wear a lead apron, lean forward, 
and slightly turn to the left. All these habits contribute 
to the lumbopelvic rotation and flexion. The diagnosis 
is lumbar rotation-flexion syndrome. 

Intervention. While in the supine position, the pa
tient places a towel that has been folded a few times 
under his lumbar spine. He performs active hip and knee 
flexion while contracting his abdominal muscles, but 
only enough to prevent pelvic rotation and without flat
tening his lumbar spine. At the end of the hip flexion 

range, he uses his hands to pull his knee toward his 
chest, limiting the motion-to-hip flexion and avoiding 
lumbar flexion. He performs hip abductionllateral rota
tion from hip flexion while controlling pelvic rotation by 
contracting the abdominal muscles and avoiding lumbar 
flexion. 

From the side-lying position, the patient performs 
hip lateral rotation without pelvic rotation. Hip abduc
tion and adduction are not recommended because the 
patient's symptoms increase, even with stabilization. A 
possible explanation for the increased symptoms is lat
eral flexion of the lumbar spine from the contraction of 
the quadratus lumborum muscle as it assists in stabi
lizing the pelvis during the hip abduction motion. 

When in a prone position, the patient performs knee 
flexion, stabilizing the pelvis by contracting the abdom
inal muscles and again avoiding an increase in the 
lumbar flexion. He performs hip lateral rotation with an 
emphasis on stabilizing the pelvis. This exercise helps 
stretch the TFL muscles. 

While in the quadruped position, the patient rocks 
backward while maintaining a flat and unflexed lumbar 
spine, ensuring that the hips are flexed. The left hip is 
positioned so that it is slightly abducted and rotated lat
erally for the first few repetitions of the exercise; the hip 
joint then gradually assumes a neutral position in the 
frontal and transverse planes. 

His chair is raised so that his hips and knees are at 
the same height. When sitting in a chair that cannot be 
raised, he places a pillow or wedge in the seat of the 
chair, and support is placed behind the entire lumbar 
spine. In this sitting position the patient performs knee 
extension without flexing his thigh, because contraction 
of his hip flexor muscles often increases his symptoms. 

While in a standing position he performs forward 
bending movements while supporting his upper body. 
The main emphasis of this exercise is to teach the pa
tient to move in the hips, not in the lumbar spine. There
fore he flexes both his hips and knees and leans forward 
a few degrees while supporting his upper body with his 
hands placed on a tall counter. There is no increase in 
symptoms when performing this exercise, and the pa
tient is instructed to repeat it at least eight to ten times 
per day. 

The patient is asked to modify some of his daily ac
tivities. He now sits on a straight back chair when taking 
a client's history, and writes on a desktop. He does not 
sit for longer than 30 minutes and stands for a few min
utes before sitting down again. He flexes in the hips and 
knees when leaning forward during a client's examina
tion. For his catheterization procedures, he is instructed 
to obtain a two-piece lead apron or tie the apron to his 
body with the strap around his pelvis. He leans forward 
at the hips and does not flex the lumbar spine. He slightly 
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rotates the left hip laterally, so that the foot points lat
erally. This position provides hip medial rotation range 
and thus reduces the likelihood of rotation in the lumbar 
spine. When playing golf the patient stands with his feet 
pointing straight ahead but rotates the hips laterally, so 
that his feet point slightly laterally. He practices rotating 
the hips during the golf swing, rather than the lumbar 
spine. If necessary, he is advised to take lessons with a 
golf professional who can monitor his swing. 

Outcome. The patient is extremely compliant with 
his program and makes the suggested modifications in 
his work and sport activities. He visits physical therapy 
four times over a 5-week period. By the second visit he 
correctly performs all his exercises and does so without 
symptoms. He flexes his hip 45 degrees while sup
porting his upper body with his hands without in
creasing his symptoms. After 5 weeks he can forward 
bend without hand support by flexing his hips to 75 de
grees and simultaneously flexing his knees. He can sit 
in an erect posture for 1 hour without an increase in 
symptoms. If he experiences symptoms, he immedi
ately relieves them by rocking backward in the 
quadruped position, making certain that he flexes in the 
hips, not in the lumbar spine. 

lumbar Flexion Syndrome 
Lumbar flexion syndrome with and without radiating 
symptoms is more often found in men than women and 
in young individuals. Acutely herniated disk problems 
are most often associated with flexion. 

Symptoms and Pain 
A patient can experience back pain of varying degrees 
of severity and acuity, as well as varying degrees of ra
diating symptoms. Pain problems include herniated disk 
disease, lumbosacral strain, lumbago, and degenerative 
disk disease. 

Movement Impairments 
STANDING POSITION. The following tests are per

formed with the patient in a standing position: (1) posi
tion effects and (2) forward bending. 

• Position effects. In the standing position the pa
tient has less symptoms than when he or she is sitting. 

•• Forward bending. The lumbar spine is often 
flat; it flexes more readily than the hips, and this move
ment increases the symptoms (Figure 3-41, A and B). To 
confinu a positive test for lumbar flexion, the patient per
forms forward bending with hip flexion only when the 
hands are on a raised table to support the body. The ther
apist notes the effect of this movement on the symptoms. 
If the patient has radicular symptoms, there may be an 
increase of symptoms, even with the corrected forward 
bending. 

SUPINE POSITION. The following tests are performed 
with the patient in a supine position: (1) position effects, 
(2) hip and knee flexion, and (3) bilateral hip and knee 
flexion. 

• Position effects. In the supine position the pa
tient is often able to keep his hips and knees extended 
without increasing his symptoms. If compression con
tributes to his symptoms, he may need to flex his hips 
and knees . 

•• Hip and kneeftexion. At the end of this move
ment, passively pulling his knee to his chest may in
crease his symptoms because of the associated lumbar 
spine flexion. 

•• Bilateral hip and kneeftexion. At the end of 
this movement, passively pulling his knees to his chest 
may increase his symptoms because of the associated 
lumbar spine flexion. 

PRONE POSITION. The following tests are performed 
with the patient in a prone position: (1) position effects 
and (2) knee flexion. 

•• Position effects. The prone position may de
crease symptoms. 

• Kneeftexion. At the initiation of this movement, 
there may be posterior pelvic tilt, but this finding is not 
common. 

QUADRUPED POSITION. The following tests are 
performed with the patient in a quadruped position: 
(1) position effects and (2) rocking backward. 

•• Position effects. In the quadruped position the 
lumbar spine is often flexed and the hips are in less than 
90 degrees of flexion. When the patient allows his lumbar 
spine to flatten or assume a neutral alignment. often 
symptoms will decrease. 

•• Rocking backward. When performing this 
movement, the lumbar spine flexes and the symptoms 
may increase (Figure 3-41, C). To confirm a positive test 
for lumbar flexion, the patient maintains a flat lumbar 
spine and rocks backward by flexing only at the hips. The 
therapist notes the effect of this motion on the symptoms. 

SITTING POSITION. The following tests are performed 
with the patient in a sitting position: (1) position effects, 
(2) spine in flexion, (3) spine in extension, and (4) knee 
extension. 

•• Spine in ftexion. With the lumbar spine in 
flexion, there is an increase in the symptoms (Figure 
3-41, D). 

•• Spine in extension. With the lumbar spine in 
extension, there is a decrease in the symptoms. 

•• Knee extension. This movement causes poste
rior pelvic tilt and lumbar flexion and may increase the 
symptoms (Figure 3-41, E). To confirm a positive test for 
lumbar flexion, the spine and pelvis is supported to pre
vent the flexion movement. The therapist notes the ef
fect of preventing this motion on the symptoms. 
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Excessive lumbar flexion flexibility. A Flat lumbar spine is demonstrated while standing (marker at 52). 
B. Excessive lumbar flexion is shown during forward bending. C Excessive lumbar flexion at the end of the 
backward movement is demonstrated in the quadruped position. The pull of the hamstring muscles or the 
weight of the upper trunk cannot be contributing to the lumbar flexion in this position. 0 , In the sitting posi
tion, the preferred alignment is lumbar flexion. ~ Sitting with the hip in 90 degrees flexion, the knee exten
sion is - 20 degrees, thus her hamstring muscles are within 10 degrees of optimal length. The length of the 
hamstrings cannot be the cause of the limited hip flexion (60 degrees) during forward bending. 
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Summary 
There are only a few movements of the extremities that 
impose flexion on the lumbar spine, whereas there are 
many movements of the extremities that impose rota
tion or extension motion on the spine. Major con
tributing factors that impose flexion on the lumbar spine 
include the following: 

1. Sitting with the lumbar spine flexed with the head 
and shoulders forward of the spine 

2. Having a structurally flat back 
3. Developing excessive flexion flexibility of the lum

bar spine, which causes forward leaning motions 
to occur more readily in the spine than in the hips 
Because of the intimate relationship between the 

back extensor muscles and the spine, correcting the de
ficiency of back extensor muscular stiffness is easier 
than correcting the muscular stiffness deficiencies 
found in the other syndromes. 

Alignment 
The structural characteristics in alignment and body 
proportions that may be present in patients with the 
flexion syndrome include the following: (1) tall in height 
and having a long trunk relative to the lower body, (2) 
long tibias that cause the knees to be higher than the hips 
when sitting, and (3) a flat back without posterior pelvic 
tilt and usually high iliac crests. The acquired impair
ments in alignment are swayback posture and a flat back 
with posterior pelvic tilt. 

Relative Flexibility and Stiffness Impairments 
The lumbar spine is more flexible into flexion than the 
hips. 

Muscle and Recruitment Pattern Impairments 
The abdominal muscles may be recruited more readily 
than the hip flexors for leaning forward while in the sit
ting position. The hamstring and gluteus maximus mus
cles may be short and/or stiff. The back extensor mus
cles may be long and/or weak, whereas the abdominal 
muscles may be short and/or weak. 

Confirming Tests 
When the patient avoids the flexed alignment of his spine 
and learns to lean forward by moving the hips and not 
the lumbar spine, the symptoms will decrease. 

Summary 
Relatively few movements of the limbs contribute to pa
tient symptoms. However, sitting and leaning forward 
are two contributing factors. Correcting these positions 
and motions can be difficult because they are involved 
in many daily activities. 

Treatment 
PRIMARY OBJECTIVES. The primary objective of the 

exercise program is to teach the patient to sit correctly 
and to move in the hips, not in the lumbar spine. 

CORRECTIVE EXERCISE PROGRAM 
Supine. The patient performs hip and knee flexion 

by passively pulling the knee to the chest with the hands, 
making certain not to flex the lumbar spine. If the rectus 
abdominis muscles have become short or stiff, the pa
tient performs shoulder flexion to the maximum range 
and then lifts the chest to improve the length of the 
muscle. 

Side lying. There are no specific exercises for this 
syndrome in the side-lying position. 

Prone. The patient places the shoulders in flexion 
in the overhead position and flexes one shoulder at a 
time to improve the performance of the back extensor 
muscles. The patient places a pillow under the abdomen 
to bring the hips into slight flexion, and he or she per
forms unilateral hip extension to improve the perfor
mance of the back extensor muscles. 

Quadruped. The patient allows the lumbar spine to 
become flat or slightly extended. The patient rocks back
ward, making certain the motion is hip flexion, not 
lumbar flexion. 

Sitting. The patient sits and performs knee exten
sion. Using the back of the chair as support, the patient 
performs isometric back extension. If the hamstring 
muscles are particularly short, the patient sits with his 
or her foot on a footstool, stretching the hamstring mus
cles for 15 to 20 minutes at a time. The patient leans for
ward, using hip flexion and not lumbar flexion, and per
forms the sit-to-stand motion without lumbar flexion. 

Standing. The patient bends forward with motion 
occurring in the hips, not in the lumbar spine. The pa
tient may need to flex the knees during this motion. He 
or she practices the squatting motion while avoiding 
lumbar flexion. If the rectus abdominis muscle is short 
or stiff, the patient stands with the back to the wall, 
shoulders flexed overhead, and chest lifted. Care is 
taken to avoid flattening the lumbar spine. 

Correcting postural habits and movement pat
terns. The sitting posture and the movement pattern 
during leaning forward are two of the most important 
habits to correct. The patient may also perform bent
knee sit-up exercises, which should be eliminated. 

Case Presentation 
History. A 26-year-old male graduate student began 

experiencing back and left leg pain after a weight
training workout. While performing bilateral knee 
flexion in a prone position with a resistance of 200 
pounds, he heard and felt a "pop" in his back and noted 
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some back pain. Although he ceased the activity, he con
tinued with the rest of his work out. 

The patient works in a basic science laboratory, and 
he is taking a few classes. When he sits, he experiences 
a great deal of pain in his back and down his leg. He as
sumes he has strained his hamstring muscle and is per
forming stretches, such as forward bending. Although 
the stretches hurt while he is performing them, he feels 
better afterward. 

The patient is referred for physical therapy consul
tation 2 months after the incident. He continues with his 
workouts but avoids the knee flexion exercise. The pa
tient is committed to his strengthening program. He in
jured his left knee and had surgery the year before and 
can no longer run; consequently, the weight training is 
also his fitness program. 

Symptoms. The patient is sleeping on the floor since 
the onset of his pain. He has been using a pillow under 
his hips and knees, and he experiences pain when he 
changes position. When in a sitting position, the patient 
rates his pain at a level of 7 to 8 on a scale of 10, both 
in his back and posterior thigh. When moving from sit
ting to a standing position, he also experiences an in
crease in pain. When in the standing position, his pain 
decreases to a level of 4 to 5 on a scale of 10. His ankle 
and knee jerks are normal, there is no weakness in the 
ankle or knee musculature, and his sensory tests are 
normal. 

Alignment Analysis. The patient stands 5 feet, 10 
inches tall. He has broad shoulders because of marked 
hypertrophy of the shoulder girdle muscles. He has good 
definition of the abdominal muscles. He has a slight tho
racic kyphosis with depressed chest. His back is flat, but 
his iliac crests are at a belt-line level. He is in slight pos
terior pelvic tilt. The right previously injured knee is 
slightly flexed. 

The following standing tests are performed: 
(1) forward bending, (2)lateral flexion, (3) rotation, and 
(4) single-leg stance. 

Forward bending. The pain in his back and poste
rior thigh immediately increases. The symptoms de
crease during the return motion. His symptoms increase 
with forward bending using hand support with only hip 
flexion. 

Lateraljlexion. This motion does not increase his 
symptoms. 

Rotation. This motion is symmetrical with rotation 
to the right and to the left. 

Single-leg stance. This motion is not associated 
with pelvic rotation, but it causes an increase in the 
symptoms with left hip flexion. 

The following tests are performed with the patient 
in a supine position: (1) hip flexor length, (2) position 
effects, (3) hip abductionllateral rotation from flexion, 
and (4) straight-leg raise. 

Hip jlexor length. There is no shortness and no 
compensatory pelvic motion. 

Position effects. The patient has pain when he lies 
with his left hip and knee extended but not with his right 
hip extended. 

Hip abductionllateral rotationfromjlexion. There 
is no increase in symptoms or associated pelvic motion. 

Straight-leg raise. The left posterior thigh pain is 
reproduced at 60 degrees of hip flexion. Pain decreases 
when the patient completely relaxes his hip flexion 
musculature. 

The following additional tests are performed in four 
positions: (1) side lying, (2) prone, (3) quadruped, and 
(4) sitting. 

Side lying. There is no increase in symptoms and 
no pelvic rotation with hip lateral rotation. With either 
hip abduction or adduction, there is no increase in symp
toms and no lateral pelvic tilt. 

Prone. The patient reports an increase in symptoms 
with some radiating pain into the lateral aspect of his 
leg, but placing a pillow under his abdomen relieves his 
symptoms. The knee flexion test produces a slight pos
terior pelvic tilt with no change in his symptoms. There 
is no pelvic rotation with the hip rotation test, but the 
patient reports a slight increase in symptoms with left 
hip medial rotation. 

Quadruped. The lumbar spine is held in a flexed po
sition, but there is no increase in symptoms when his 
spine is allowed to flatten. During the rocking backward 
test, there is an increase in symptoms with the hips 
flexed to 120 degrees. 

Sitting. Slight flexion while sitting produces an al
most immediate increase in symptoms. After placing 
support behind his lumbar spine and asking him to relax 
his hip muscles completely, the patient can sit comfort
ably for 10 minutes. When performing the knee exten
sion test, the patient reports posterior thigh pain at - 50 
degrees of left knee extension. When he allows his thigh 
to rest on the chair, the knee extension range increases 
to -40 degrees. Right knee extension also increases the 
left posterior thigh pain. 

Muscle Length and Strength Analysis. There is no 
muscle shortness, but the rectus abdominis muscle is 
stiff and contributes to the patient's thoracic kyphosis. 
There is no muscle weakness; however, his back ex
tensor muscles are not as well defined as his abdominal 
muscles. 

Diagnosis. The patient's symptoms are affected neg
atively by flexion, by an increase in the compression on 
his spine, and by the contraction of a left hip flexor, pre
sumably the iliopsoas. Likewise, his symptoms are de
creased by standing or lying recumbent or with a 
straight-leg raise, and the symptoms of the positive test 
are decreased by the relaxation of his hip flexor mus
cles. His symptoms increase with forward bending, but 
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they do not increase with any rotation tests. The diag- . 
nosis is lumbar flexion with radiating symptoms along 
the sciatic nerve. 

IntelVention. The patient is taught an exercise that 
will help maintain the stability of his lumbar spine while 
moving his extremities and performing activities of daily 
living. Exercises that add to the compression forces on 
his spine are contraindicated. A regular exercise pro
gram is also important to the patient, and he intends to 
continue his upper body weight-training program. He is 
advised not to perform any exercises that involve lifting 
weights overhead or that cause an increase in his symp
toms. The patient is also told that what he considers 
hamstring stretching is sciatica. He is advised to avoid 
all lumbar flexion motions and to limit the time he 
spends sitting. The patient performs a hip and knee ex
tension exercise from the hook-lying position while con
tracting the abdominal muscles, stopping the motion at 
the onset of the symptoms. While also in a supine posi
tion, he performs hip abductionllateral rotation from the 
hip flexed position. The patient performs hip abduction 
and adduction in a side-lying position. While assuming 
a prone position with a pillow under his abdomen, he 
performs knee flexion and hip rotation. When in the 
quadruped position, he is instructed to allow his lumbar 
spine to move toward the extended alignment and to 
stop the motion if he experiences any symptoms. While 
also in the quadruped position, he rocks backward to the 
point of the onset of symptoms, while limiting the mo
tion to hip flexion and not allowing lumbar flexion. When 
sitting, he performs knee extension by sliding his left 
foot along the floor as far as possible to the onset of 
symptoms, avoiding lifting the thigh (flexing the hip). 
This exercise is performed with the right lower ex
tremity, as well as the left. No exercises are recom
mended in the standing position because of the nerve 
tension sign and the increased compression associated 
with forward bending, which results in an increase in his 
symptoms. 

Outcome. After 3 weeks of therapy, the patient no 
longer has symptoms when standing, but he still cannot 
sitfor any period of time. He has a few transient episodes 
of sciatica in the right lower extremity. He is referred to 
an orthopedic surgeon who orders a magnetic reso
nance image (MRI) of his lower spine. The MRI indicates 
that the patient had a herniated disk at 1A-5. He receives 
two epidural injections that improve his ability to sit for 
short periods. He does not experience any radiating 
symptoms, unless he sits for longer than 45 minutes. The 
MRI also indicates that he had some disk desiccation at 
L5-S1 and 13-4, which is attributed to his weight-training 
program. 

The patient is seen every 2 weeks to monitor his 
program and his progress. Approximately 4 months after 
his initial physical therapy examination, he is able to 

rock backward in the quadruped position without symp
toms. He can also lie prone with no symptoms, even 
without a pillow. His only remaining limitation is the in
ability to sit for longer than 45 minutes and to perform 
forward bending motions. His straight-leg raise test is 
negative, and he performs complete knee extension with 
either the right or left lower extremity without sciatica. 
He has started a program to improve the strength of his 
back extensor muscles. The initial exercise is unilateral 
shoulder flexion performed in the prone position with a 
pillow under his abdomen. He has to avoid any back ex
tension in this position or tingling is elicited in his left 
foot. He also performs shoulder flexion in the quadruped 
position. Approximately 6 months after his initial visit, 
the patient is able to sit for 45 minutes. He still cannot 
bend forward unless his hands support his upper body. 
He has resumed his weight-training program, but he is 
using lighter weights and does not perform lifts with 
weights that exceed 50 pounds in either the standing or 
sitting position. Previously, he had been lifting 200-
pound weights. 

Sacroiliac Dysfunction 
Sacroiliac (SI) dysfunction is not discussed as a diag
nostic category in this text. Extensive information is 
available from practitioners who ascribe to dysfunction 
of the SI joint as a common cause of back pain. How
ever, this text does not support this premise. Although 
many individuals have pain in the SI region, this text pro
poses that the pain does not arise from motion of the 
joint. Rather, pain in the SI region is the result of stress 
of the tissues that attach in this area. An exception to 
this belief can be found in a woman who is pregnant or 
who has recently given birth. Because of the hormonal 
changes in joint stability, this patient is susceptible to 
pain arising from SI joint dysfunction. 

Extensive information is available on the limited 
movement of the joint-2 degrees or, at the most, less 
than 2 mm.49,55 In fact, 76% of individuals older than 50 
years of age have an ankylosedjoint.49 The ability to pal
pate a movement of less than 2 degrees or 2 mm is ques
tionable. Studies that establish interrater reliability of 
the examinations recommended in this text indicate that 
after 6 months of practice, reliably discerning 1/2 inch or 
250 mm of movement is exceedingly difficult, but pos
sible. 54 It is difficult to understand on an anatomic basis 
the inference that movement tests of the Sljoint with its 
excursion of 2 mm (e.g., standing flexion, supine long
sitting, and prone knee flexion) cause leg-length differ
ences of 1/2 inch or more.8 To support the premise of SI 
joint movement, the examiner has to palpate the change 
between the ilium and sacrum, not only the superior as
pect of the sacrum. If joint hypermobility is believed to 
be the source of dysfunction, repeated manipulation fur
thers the mobility, rather than stabilizes the joint. The 
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methods recommended for manipulation, particularly 
self-manipulation of the SI joint, carmot be considered 
to isolate the effect to the SIjoint when many other joints 
that have greater flexibility are subjected to stress during 
the maneuver. 

If the joint is indeed hypermobile, as possible with 
pregnancy, and susceptible to stresses that elicit pain, 
the principles for the movement impairment syndromes 
provided in this text are applicable for intervention. Sta
bilizingthejoint, ifnecessary, with the use of appropriate 
external supports or taping, and a program that corrects 
soft-tissue impairments contributing to stress on this 
joint (e.g., a short or stiffTFL-iliotibial band [ITB], weak 
abdominal muscles) are effective means of correcting 
the dysfunction. 

Compression 
Differences in the compressive forces on the interver
tebral disks in different positions were reported by 
Nachemson.37 In addition, contraction of the psoas and 
the back extensor muscles also increases the compres
sion forces on the spine. Compression force is the major 
factor if a patient's symptoms are alleviated or reduced 
when (1) recumbent, (2) standing rather than sitting, (3) 
sitting while supporting with the arms, or (4) sitting with 
the lumbar spine extended rather than flexed. Com
pression affects not only the disks but also the forces on 
the facet joints and ligaments. The effect of compression 
is not specific to anyone category or diagnosis but must 
be considered as a contributing factor to the patient's 
movement impairment. 

Additional Considerations 
Additional considerations that can aid the diagnostic de
cision and development of an effective intervention pro
gram are the following: 

• Level oj physical activity. The patient who is 
sedentary is likely to have weak muscles that need to be 
strengthened, whereas the patient who is physically ac
tive needs to improve muscular control and the relative 
flexibility of different joint segments. 

• Job requirements. The type of sustained posture 
or movement that a patient assumes or performs during 
the day is probably a major contributing factor to the 
characteristics of the movement impairment. For ex
ample, although a secretary spends most of the day sit
ting, she may frequently turn to use the computer or tele
phone or open a file drawer. The patient who performs 
a job that involves sustained physical activity needs to 
be thoroughly questioned about the nature of the posi
tions and repetitive motions that are required. 

• Fitness activities and hobbies. As job activities 
require sustained postures and repeated motions, so do 
fitness programs, sporting activities, and hobbies, such 

as painting and ceramics. Sports that require rotation, 
particularly with the feet flxed, such as racquetball, 
golf, and softball, are major contributors to rotational 
syndromes. 

• Household activities. Vacuuming, sweeping, gar
dening, remodeling, or redecorating can involve rotation 
extension or motions, such as when working overhead 
while painting or hanging wallpaper. In contrast, 
bending, such as to paint low areas, suggest lumbar 
flexion. Sawing activities cause the patient to rotate or 
twist more than painting. 

• Physical characteristics. Structural characteris
tics and body proportions that contribute to specific syn
dromes are described in the pertinent sections. How
ever, the therapist should note various preferred 
postures and characteristics of body language that may 
contribute to a specific syndrome. Examples include the 
man with a large abdomen who slides his hips forward 
in his chair to accommodate his abdomen, or the short 
woman who sits in a rotated position on one hip so she 
can tuck her legs under her body in a side-sitting marmer. 
Both postures contribute to the rotation syndrome. An
other example is found in the woman who has a marked 
kyphosis or large buttocks. She sits with her lumbar 
spine in extension because she believes she is sitting in 
a straight alignment. 
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cbapter 3 

Appen3ix 

LUMBAR 
FLEXION 
SYNDROME 

The primary dysfunction in this 
syndrome is that lumbar flexion motion 
is more flexible than hip flexion motion. 
Typically a flexion moment and 
compression are imposed on the spine 
when sitting. Lumbar flexion stress or 
motion causes symptoms in the low 
back or into the buttocks and/or lower 
extremity. This syndrome is found more 
commonly in younger individuals 
between the ages of 18 to 45 years, 
who are usually experiencing an acute 
pain episode. This syndrome is also 
more common in men than women, 
particularly tall men or those whose 
daily activities involve repeated forward 
bending. Most often, the back extensors 
are elongated and flexible while the hip 
extensors are short and stiff. This 
syndrome is most often associated with 
herniated disks, but it is less common 
than the lumbar rotation-flexion 
syndrome. 

SYMPTOMS 

• Symptoms are present or increase with 
positions or movements associated with 
lumbar flexion (e.g., sitting, driving, 
forward bending). 

• Symptoms are absent or decrease in 
positions or movements of decreasing 
lumbar flexion (e.g., standing, walking). 

KEY TESTS AND SIGNS 

Standing position 

FORWARD BENDING 

• Greater relative flexibility of lumbar 
spine flexion than hip flexion flexibility 

• Symptoms are present or increased 

FORWARD BENDING (HIP FLEXION ONLY) 

• Absent or decreased symptoms, relative 
to forward bending 

Quadruped position 

• Preferred position: Flexed lumbar spine 

• Rock back: Greater flexibility of lumbar 
spine in flexion or longitudinal distrac
tion than hip flexion flexibility (mayor 
may not cause symptoms) 

Sitting position 

• Preferred alignment: Flexed lumbar 
spine 

• Symptoms are present or increased, 
relative to sitting with lumbar spine in 
neutral or slightly arched inward 

• Knee extension: Lumbar spine flexes 

Supine position 

HIP FLEXION AND KNEE FLEXED 

• Symptoms are present or increased 
during final phase of hip flexion 

• Lumbar spine flexes before 1 20 degrees 
of hip flexion 

• Able to lie with hips and knees extend
ed without increased symptoms 

• Folded towel under lumbar spine 
decreases symptoms 
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ASSOCIATED SIGNS 
(contributing factors) 

• Loss of lumbar curve: Swayback or flat 
back posture 

• Shortened length of gluteus maxim us or 
hamstrings muscles 

Shortened length of rectus abdominus 
muscle 

• Long paraspinal muscles 

DIFFERENTIAL MOVEMENT 
AND ASSOCIATED DIAGNOSES 

Movement diagnosis 

• Lumbar rotation-flexion 

Associated diagnosis 

• Bulging or herniated disk 

CHAPTER THREE APPENDIX 

SCREENING FOR POTENTIAL 
MEDICAL DIAGNOSES 
REQUIRING REFERRAL 

• Malignancy 

• Inflammatory conditions 
(e.g., tuberculosis, osteomyelitis) 

• Spinal cord compression 

• Cauda equina disorder 

• Fracture 

• Osteoporosis 

• Ankylosing spondylitis 

• Spondylolisthesis 

• Juvenile disk disease 

• Scheuermann's disease 
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LUMBAR 
EXTENSION 
SYNDROME 

The primary dysfunctions in this 
syndrome are that the lumbar spine 
extends more readily than the hip 
extensors extend the hip and the hip 
flexor muscles exert an anterior shear 
force on the spine and/or an anterior 
tilt moment on the pelvis. These forces 
are not counterbalanced by the 
abdominal muscles. This syndrome is 
found more commonly in patients who 
have chronic low back pain or multiple 
repeat episodes. Patients with this 
syndrome are usually over 55 years of 
age. It also occurs more often in short 
than in tall individuals and in those who 
sit on the edge of their chair. This 
syndrome is less common than the 
lumbar rotation-extension syndrome. 

SYMPTOMS 

• Symptoms are present or increase with 
positions or movements associated with 
lumbar extension (e.g., standing, raising 
arms overhead, sitting in lumbar exten
sion, or back lying with legs extended). 

• Symptoms are absent or decrease with 
positions or movements of decreasing 
lumbar extension (e.g., sitting, perform
ing abdominal contraction). 

KEY TESTS AND SIGNS 

Standing position 

ALIGNMENT 

• Younger individual: Any lumbar align
ment through a marked lumbar lordosis 

• Older individual with spinal stenosis: 
Lumbar spine in usually flat 

• Back extensors may be hypertrophied 

RETURN FROM FORWARD BENDING 

• Leads with lumbar extension or 
completes movement with forward sway 
of pelvis and posterior sway of thorax 

• Symptoms are present or may increase, 
compared with forward bending 

• If instructed to retum from forward 
bending leading with hip extended, 
symptoms decrease or are absent 

Prone position (may require ,oil/ow) 

• Hip extension with knee extended. 
Symptoms are present or may increase, 
compared with prone position 

Sitting position 

• Symptoms present or increased with 
lumbar spine extension, compared with 
neutral or flexed positions 

Supine position 

• Anterior pelvic tilt and lumbar exten
sion: Associated with increased symp
toms during the initiation of the motion 

• Symptoms decreased if repeated with 
abdominal contractions 

• Extended hips and knees increase 
symptoms 

Quadruped position 
(extended lumbar spine) 

• Rocking forward: Symptoms decreased, 
compared with the corrected starting 
position 

• Rocking backward: Symptoms 
increased, compared with rocking 
forward 

Standing against wall 

• Symptoms decrease with posterior 
pelvic tilt and during attempts to flatten 
lumbar spine to neutral position, com
pared with symptoms experienced dur
ing natural standing 
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ASSOCIATED SIGNS 
<Contributing factors) 

Lumbar lordosis 

• Kyphosis in which an erect posture is 
obtained by exaggerating the lordosis 
(often observed in patients with 
osteoporosis) 

FOlWard bending 

• Relative flexibility of hips flexion greater 
than the lumbar spine flexion flexibility 

• Limited range of lumbar flexion (lumbar 
spine does not reverse its curve) 

Prone knee flexion 

• Anterior pelvic tilt and increased lumbar 
extension; may increase symptoms 

bdominal muscles 

• Weakness, excessive length, or inade
quate stiffness of external oblique 
abdominal muscles 

hort or stiff muscles 

Hip flexors (one or two joints) 

Lumbar paraspinal muscles 

ody characteristics 

Obesity with large abdomen 

Large buttocks 

DIFFERENTIAL MOVEMENT 
AND ASSOCIATED DIAGNOSES 

Movement diagnosis 

• Lumbar rotation-extension 

Associated diagnoses 

• Spinal stenosis 

• Facet syndrome 

• Degenerative disk disease 

• Spondylolysis 

• Osteoporosis 

CHAPTER THREE APPENDIX 

SCREENING FOR POTENTIAL 
MEDICAL DIAGNOSES 
REQUIRING REFERRAL 

• Malignancy 

• Inflammatory conditions 
(e.g., tuberculosis, osteomyelitis) 

• Spinal cord compression 

• Cauda equina disorder 

• Fracture 

• Osteoporosis 

• Ankylosing spondylitis 

• Spondylolisthesis 

• Juvenile disk disease 

• Scheuermann's disease 
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LUMBAR 
ROTATION 
SYNDROME 

The primary dysfunction in this 
syndrome is that a segment of the 
lumbar spine rotates, side bends, glides, 
or translates more easily than other 
segments of the lumbar spine, the 
thoracic spine, or the hips. Rotation is 
broadly defined and includes 
movement directions other than flexion 
and extension. Spinal instabilities, which 
most often involve accessory motions, 
are included in this category because 
they are not clinically observable and 
therefore cannot be named for an 
accessory movement direction. In some 
patients, marked rotation of the lumbar 
spine is observable. In others, the 
rotation of the spine is not evident; 
rather, rotational motion of the pelvis, 
which must necessarily cause spinal 
motion or stress, is associated with 
lower extremity movement. In other 
patients, side-bending motions cause 
pain, but actual rotational alignment of 
the spine is not evident. No attempt is 
made to equate the side of rotation 
with the side of the symptoms. 

SYMPTOMS 

• Symptoms are often unilateral or greater 
on one side. 

• Symptoms increase with rotation move
ments of the lumbar spine. 

KEY TESTS AND SIGNS 

Standing position 

• Alignment: Paraspinal asymmetry 

• Side bending: Symptoms are present or 
increase, relative to standing position 

• Motion: Asymmetric 

Supine position 

HIP OR KNEE FLEXION 

• Observe pelvic rotation 

HIP ABDUCTIONILATERAL ROTATION 

FROM FLEXION 

• Pelvis and lumbar spine rotates during 
the initial 50% of the lower extremity 
motion; lumbar spine is more flexible 
into rotation than the hip is into 
abduction/lateral rotation (Iumbopelvic 
stiffness is insufficient to counter the 
eccentric control by the lower extremity 
musculature) 

• Symptoms are present or increased, rel
ative to starting position 

Side-lying position 

• Position may be painful 

• Symptoms decreased with towel roll 
under waist 

• Hip lateral rotation: Observe pelvic 
rotation 

• Hip adduction: Observe lateral pelvic tilt 

Prone position 

• Knee flexion: Asymmetrical pelvic 
rotation 

• Hip and knee extension: Asymmetric 
lateral rotation during hip extension 

• Hip rotation: Prone lying; lumbopelvic 
rotation occurs during first 50% of hip 
rotation motion 

Quadruped position 

• Alignment: Observe asymmetry in lum-
bar spine region 

• Arm lift: Rotation of spine 

Sitting position 

• Knee extension: Observe lumbopelvic 
rotation 

• Rocking backward: Rotation of 
prominent lumbar segments may 
increase 
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ASSOCIATED SIGNS 
(contributing factors) 

• Activity requiring repeated movements 
of rotation (e.g., golf, tennis serve) 

• Habit of rotating trunk and not entire 
body while sitting 

• Habit of sitting on one foot, crossing 
legs, or leaning to one side 

• Weakness, excessive length, or poor 
control of oblique abdominal muscles 
(extemal oblique on one side and 
contralateral intemal oblique muscle) 

• Asymmetric length of iliotibial band 

• Apparent leg length discrepancy 

DIFFERENTIAL MOVEMENT 
AND ASSOCIATED DIAGNOSES 

Movement diagnoses 

• Lumber rotation-flexion 

• Lumbar rotation-extension 

Associated diagnoses 

• Spinal stenosis 

• Facet syndrome 

• Degenerative disk disease 

• Spondylolysis 

• Osteoporosis 

• Scoliosis 

CHAPTER THREE APPENDIX 

SCREENING FOR POTENTIAL 
MEDICAL DIAGNOSES 
REQUIRING REFERRAL 

• Malignancy 

• Inflammatory conditions 
(e.g., tuberculosis or osteomyelitis) 

• Spinal cord compression 

• Cauda equina disorder 

• Fracture 

• Osteoporosis 

• Ankylosing spondylitis 

• Spondylolisthesis 

• Juvenile disk 

• Scheuermann's disease 
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LUMBAR 
ROTATION 
WITH 
FLEXION 
SYNDROME 

The primary dysfunction is that a 
segment of the lumbar spine moves 
more easily in the direction of rotation
flexion than other segments of the 
lumbar spine, the thoracic spine, or the 
hips. Many of the descriptions of the 
flexion and rotation syndromes and 
their characteristics can be applied to 
this syndrome. This syndrome is more 
common than the pure flexion or pure 
rotation syndromes. Because a 
rotational component is so common, 
the therapist should always plan for this 
component in the treatment program. 

SYMPTOMS 

• Symptoms are often unilateral or greater 
on one side. 

• Symptoms are present or increase with 
sitting-to-standing movement. 

KEY TESTS AND SIGNS 

Alignment 

FORWARD BENDING 

• Symptoms are present or increased, 
relative to standing; spinal asymmetry 
may be more evident 

FORWARD BENDING (HIP flEXION ONLY) 

• Symptoms are decreased, relative to 
forward bending with lumbar flexion 

Supine position 

HIp ABDUCTION/LATERAL ROTATION 

FROM FLEXION 

• Pelvis and lumbar spine rotate during 
initial 50% of the lower extremity motion 

• Lumbar spine is more flexible into 
rotation than the hip is into abduction/ 
lateral rotation (lumbopelvic stiffness is 
insufficient to counter the eccentric con
trol by the lower extremity musculature) 

• Symptoms are present or increased, 
relative to starting position 

• Able to lie with hips and knees extend
ed without increased symptoms 

• Folded towel under lumbar spine 
decreases symptoms 

ACTIVE HIP AND KNEE FLEXED 

• Pelvic rotation observed during active 
hip flexion 

Side-lying position 

• Painful position, symptoms decrease 
with towel roll under waist 

• Hip lateral rotation: Observe pelvic 
rotation 

• Hip adduction: Observe lateral pelvic tilt 

Prone position 

• Hip rotation: Symptoms present or 
increased, relative to prone position 

• Lumbopelvic rotation occurs during first 
50% of hip rotation motion 

Quadruped position 

• Alignment: Preferred position is lumbar 
flexion with asymmetry 

• Rocking backward: Observe lumbar 
rotation and pelvic tilt or rotation 

• Arm lift: Rotation of spine present 

Sitting position 

• Symptoms present or increased with 
lumbar spine flexion, compared with 
neutral or extension positions 

• Symptoms increases with knee 
extension if associated with pelvic or 
lumbar rotation 
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~SSOCIATED SIGNS 
:contributing factors) 

, Job or fitness activities requiring repeat
ed unilateral limb movements or trunk 
rotation 

Apparent leg length discrepancy in 
standing alignment (postural or from 
leg-length discrepancy) 

Habit of rotating trunk arid not entire 
body while sitting 

Habit of sitting on one foot or legs 
crossed 

Asymmetry of iliotibial band length from 
tensor fascia lata or gluteus maxim us 
insertions 

Prone knee flexion: Pelvic rotation can 
be observed 

Oblique abdominal muscles do not 
provide adequate control of lumbopelvic 
rotation 

DIFFERENTIAL MOVEMENT 
AND ASSOCIATED DIAGNOSES 

Movement diagnoses 

• Lumbar flexion syndrome 

• Lumbar rotation syndrome 

Associated diagnoses 

• Bulging or hemiated disk 

• Scoliosis 

SCREENING FOR POTENTIAL 
MEDICAL DIAGNOSES 
REQUIRING REFERRAL 

• Malignancy 

• Inflammatory conditions 
(e.g., tuberculosis or osteomyelitis) 

• Spinal cord compression 

• Cauda equina disorder 

• Fracture 

• Osteoporosis 

• Ankylosing spondylitis 

• Spondylolisthesis 

• Juvenile disk 

• Scheuermann's disease 
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LUMBAR 
ROTATION 
WITH 
EXTENSION 
SYNDROME 

The primary dysfunction in this 
syndrome is that the position of stress 
or the movement into extension causes 
pain in the lumbar spine, buttocks, or 
lower extremities. This syndrome is the 
most prevalent in patients with low back 
pain. It is particularly common in 
patients with chronic and recurrent back 
pain, in individuals over 55 years of age, 
and in those who participate in rotation
al sports such as golf and racquetball. 
The degenerative changes in the spine, 
impairment of abdominal muscle 
control, rotational motion of daily 
activities, and rotational motions 
imposed on the lumbopelvic area by 
movements of the extremities all 
contribute to the prevalence of this 
syndrome. Many of the characteristics of 
extension and rotation syndromes can 
be applied to this syndrome. 

SYMPTOMS 

• Symptoms are often unilateral or greater 
on one side. 

• Symptoms increase with extension and 
rotation movements of the lumbar 
spine. 

KEY TESTS AND SIGNS 

Standing position 

• Alignment: Paraspinal asymmetry 

• Increased symptoms when retuming 
from forward bending 

• Side bending: Symptoms present or 
increased, relative to standing 

• Asymmetric motion during side bending 
and rotation of the trunk 

Sitting position 

• Lumbar spine extension: Symptoms 
present or increased, relative to neutral 
lumbar spine 

Supine position 

• Hip and knee flexion: Observe pelvic 
rotation 

• Hip abduction/lateral rotation from 
flexion: Pelvis and lumbar spine rotates 
during the initial 50% of the lower 
extremity motion; lumbar spine is more 
flexible into rotation than the hip is into 
abductionllateral rotation (lumbopelvic 
stiffness is insufficient to counter the 
eccentric control by the lower extremity 
musculature> 

• Hips and knees extended increases 
symptoms 

• Hip flexion and abducted lateral 
rotation: Symptoms present or 
increased, relative to starting position; 
relative flexibility in spine and hips 

Side-lying position 

• Position may be painful 

• Decreased symptoms with towel roll 
under waist 

• Hip lateral rotation: Observe pelvic 
rotation 

• Hip adduction: Observe lateral pelvic tilt 

Prone position 

• Knee flexion: Symptoms present or 
increased, relative to prone position; 
observe asymmetric pelvic rotation 

• Hip extension with the knee extended: 
Asymmetric lateral rotation of the 
lumbar spine during hip extension 

• Hip rotation: Lumbopelvic rotation occurs 
during the first 50% of hip rotation 

Quadruped position 

• Forward rocking: Symptoms present or 
increased, relative to corrected starting 
position or rocking back 

• Backward rocking: No symptoms or 
decreased symptoms, relative to rocking 
forward 
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ASSOCIATED SIGNS 
(contributing factors) 

• Activities requiring repeated movements 
of lumbar extension and rotation (e.g., 
golf, tennis serve) 

• Habit of rotating trunk and not entire 
body while sitting 

Habit of sitting on one foot or crossing 
~~ . 

Poor control and performance of 
abdominal muscles in preventing 
lumbopelvic rotation and extension of 
the lumbar spine 

• Asymmetric iliotibial band length 

• Apparent leg-length discrepancy 

DIFFERENTIAL MOVEMENT 
AND ASSOCIATED DIAGNOSES 

Movement diagnoses 

• Lumbar rotation-flexion 

• Lumbar extension 

Associated diagnoses 

• Spinal stenosis 

• Facet syndrome 

• Degenerative disk disease 

• Spondylolysis 

• Osteoporosis 

• Scoliosis 

CHAPTER THREE APPENDIX 

SCREENING FOR POTENTIAL 
MEDICAL DIAGNOSES 
REQUIRING REFERRAL 

• Malignancy 

• Inflammatory conditions 
(e.g., tuberculosis or osteomyelitis) 

• Spinal cord compression 

• Cauda equina disorder 

• Fracture 

• Osteoporosis 

• Ankylosing spondylitis 

• Spondylolisthesis 

• Juvenile disk 

• Scheuermann's disease 



CHAPTER FOUR 

Movement Impairment 
__ ;;;---..-~S~nJromes of tbe Hip 

Normal Alignment of the Hip 

Motions of the Hip 

Muscular Actions of the Hip 

Movement Impairment Syndromes of the Hip 

After consideration of the information presented in this chapter, 

the reader will be able to: 

1. Describe acquired postural impairments and structural varia

tions of the lower extremity that contribute to movement 

impairment syndromes. 

2. Identify the specific muscle actions related to movement 

impairments. 

3. Recognize the differences between diagnoses named for 

physiologic movement and those named for accessory 

movements. 

4. Identify the characteristics of each movement impairment 

syndrome of the hip. 

In treating the patient with hip pain, the reader will be able to: 

1. Perform an examination, consider the contributing factors, 

and establish a diagnosis. 

2. Develop and instruct the patient in a diagnosis-specific treat

ment program and modification of the life activities, which 

contribute to the formation of the movement impairment 

syndrome. 

IntroDuctjon 

The majority of syndromes affecting the hip arise from 
impairments in the muscles attaching close to the prox
imal femur that control the alignment and motion of the 
femur in the acetabulum. Symptoms in the region of the 

hip joint can be referred from the low back or can be 
coincident with low back syndromes. Therefore careful 
analysis of hip joint movements and muscle control is 
essential to differentiate whether the syndrome is from 
the hip, from the spine, or from both the hip and spine. 
These possibilities must be considered during the 
examination. 

The premise of this text is that painful sites arise, 
in part, because of differences in the relative flexibility 
of different segments, which are manifested by com
pensatory movements at intervening j oints that have be
come particularly flexible. Subsequently, the pattern is 
continually reinforced and the joint develops a suscep
tibility to movement in the affected direction. This con
dition is referred to as a joint's directional suscepti
bility to movement (DSM). Even stiffness at the foot, as 
in the case of a rigid foot can have an effect on more 
proximal segments, such as the knee and hip. When the 
foot is rigid and does not dorsiflex during walking, com
pensatory motions, such as knee hyperextension or hip 
lateral rotation, can be a long-term result. 

Two types of syndromes are discussed in this 
chapter. The first type is believed to arise from pain di
rectly related to the hip joint. It is usually characterized 
by a movement impairment of an accessory motion of 
the femur. Thus these syndromes are identified by the 
name, femoral, and the offending accessory motion. The 
other type of syndrome is named for the physiologic mo
tion that is painful because of musculotendinous dys
function. This type of syndrome is identified by the 
name, hip, and impaired physiologic motion. Using the 
physiologic motion rather than the name of the muscle 
as the diagnosis for muscle dysfunction places the em
phasis on correcting the pattern of muscular movement 
that performs the motion and not only on the palliative 
treatment of the painful muscle (Table 4-1). 
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ab(~ 4-1 Syndromes in Order of Frequency of Observation 

SYNDROME ACCESSORY MOVEMENT ASSOCIATED DIAGNOSES 

Femoral anterior glide Without rotation 

With medial rotation 

With lateral rotation 

Without rotation 

Iliopsoas tendinopathy; bursitis 

Iliopsoas tendinopathy; bursitis 

Hip adduction 

With medial rotation 

With knee extension 

With hip medial rotation 

Adductor strain; iliopsoas tendinopathy; groin pull 

Gluteus medius strain; trochanteric bursitis 

Lengthened piriformis syndrome; iliotibial band fascitis 

Hip extension 

Femoral accessory 

Hypermobility 

Femoral hypomobility 

Hip lateral rotation 

Femoral lateral glide 

Hamstring strain as a result of insufficient gluteus maximus or quadriceps participation 

Hamstring strain as a result of insufficient intrinsic lateral rotator muscle participation 

Early degenerative hip joint disease 

Labral tears 

With superior glide Degenerative hip joint disease 

Shortened piriformis syndrome 

Short axis distraction Hip pain; popping hip; subluxation 

Norma [ A[ignment of tbe Hip 
In the lower extremity, several structural variations can 
be predisposing factors to the development of muscle 
impairments and eventually to pain syndromes. Lower 
extremity structural variations can be difficult to distin
guish from acquired impairments. 

Pelvis 
According to KendalFI the ideal alignment of the pelvis 
is present when the anterior superior iliac spine (ASIS) 
is in the same vertical plane as the symphysis pubis. The 
angular deviation between the horizontal plane and a 
line connecting the ASIS with the posterior superior iliac 
spine (PSIS) is a frequently used clinical assessment of 
pelvic tilt. A common belief is that this angle should be 
very small, usually less than 5 degrees. A study per
formed on cadaver pelves indicates that when the ASIS 
is in the same vertical plane as the symphysis pubis, the 
angle between the horizontal plane and the plane be
tween the ASIS and the PSIS varies as much as 12 de
grees.2 Therefore the examiner should not expect a per
fectly horizontal line between the ASIS and PSIS to be 
an indication of optimal alignment. 

In some women the ASIS is much lower than the 
PSIS, but not because of an anterior pelvic tilt (Figure 
4-1). Such extreme variation in the relationship be
tween the ASIS and the PSIS has not been observed in 
men. The pelvic structural variation that has been re
ported in men is that of a tall pelvis. A tall pelvis is one 
in which the height of the pelvis, as measured from the 
ischial tuberosity to the peak of the iliac crest, is a 
greater percentage of the overall height than the av-

erage percentage.3,13 Another structural variation that 
has been clinically observed is one in which a man's 
beltline is at least 1 inch lower than the top of his iliac 
crest, rather than just above it (Figure 4-2). Men with 
high iliac crests have flat backs that are not associated 
with posterior pelvic tilts. Therefore two fairly 
common structural variations can be misinterpreted as 
acquired postural impairments: (1) a low position of 
the ASIS in women, which can be interpreted as ante
rior pelvic tilt; and (2) a structurally flat back in men 
with high iliac crests in relation to their beltline, which 
is often incorrectly interpreted as an acquired align
ment of lumbar flexion. 

The hip joint angle is not always an accurate indi
cation of pelvic tilt. This angle is affected by knee joint 
alignment and by pelvic alignment. When the knee is 
flexed the hip will be flexed, even if the pelvic tilt is neu
tral. When the knee is hyperextended the hip will be ex
tended, even if the pelvic tilt is neutral (Figure 4-3) or 
slightly anterior. 

Because of these potential sources of error when 
assessing pelvic tilt, the decision should be based on 
consistent findings in two of the three following deter
minations: (1) an increase or decrease in the normal 
depth of lumbar curve, (2) a marked deviation from the 
horizontal line between the ASIS and PSIS, and (3) an 
increase or decrease in the hip joint angle with neutral 
knee joint alignment. Another useful means of assessing 
the presence of an acquired postural impairment versus 
a structural variation is correcting the pelvic malalign
ment and observing whether the alignment of all af
fected segments is corrected. 
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Structural variation of the female pelvis. Markers are placed on the 
anterior superior iliac spine <AS IS) and the posterior superior iliac spine 
(PSIS). Ideally, a line from the ASIS to the PSIS should deviate only 1 5 
degrees from a horizontal line through the PSIS. In this case the ASIS is 
significantly lower than the PSIS, but the lumbar curve is not increased 
and the hip joint is in neutral (not flexed or extended). 

When pelvic tilt is present, there should be corre
sponding changes in the alignment of the spine and hip 
joint. If correcting the pelvic alignment causes an un
desirable change in the alignment of the spine or the 
hip joint, the impairment is probably structural, not ac
quired. For example, a structural variation is present 
when (1) the ASIS appears low in relation to the PSIS, 
and (2) when tilting the pelvis posteriorly causes the 
lumbar spine to lose its normal inward curve (see 
Figure 3-9). 

Pelvic rotation around the vertical axis is often pre
sent in patients with hip pain. The examiner can assess 
pelvic rotation while he or she stands behind the patient 

C HAPTER F OUR 

Tall pelvis with associated flat lumbar spine. This man has his 
hands on the top of his iliac crests (lefO. The top of his iliac crests is 
more than 1 inch higher than his beltline. This man has a flat back 
(right). This alignment is characteristic of men whose high iliac crests are 
notably higher than their beltlines. 

Hyperextended knees and hip joint angle. A slight anterior pelvic 
tilt is observed. Because her knees are hyperextended, the hips are not 
flexed but extended. 
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and places his or her fingers parallel to and on the ASIS. 
From this position, deviations from the frontal plane of 
the line between the left and right iliac spines are fairly 
readily perceived. The examiner must be certain to ob
serve the alignment of the patient's feet to confirm that 
malalignment of the lower extremities is not the source 
of the pelvic rotation. If one foot is forward of the other, 
the pelvis may be rotated because of lower extremity 
alignment, not because of a pelvic rotation that is al
tering the alignment of the hip joints or spine. 

Some patients who have unilateral hip antetorsion 
rotate the hip laterally to correct associated pigeon-toe 
alignment. Depending on the degree of antetorsion , the 
pelvis may also rotate toward the side of the hip with an
tetorsion. Because the pelvis is rotated, the spine will be 
rotated, and as a result these patients can develop low 
back pain. When the rotation of the pelvis is corrected, 
the new alignment can be perceived by the patient as 
being "wrong." Because of this misperception the pa
tient needs oral and visual information about how to cor
rect the malalignment and about the time required be
fore the new position will seem normal. 

Hip Joint 
Hip flexion while standing erect can be present because 
of weakness or excessive length of the external oblique 
or rectus abdominis muscles. The hip flexor muscles can 
also be short or stiff. During gait the hip should extend 
10 degrees.8 However, when the hip flexor muscles are 
short or stiff in relation to the abdominal muscles, in
stead of the compensation being reflected in hip motion, 
there may be exaggerated anterior pelvic tilt and in
creased lumbar extension. Although great emphasis is 
placed on stretching hamstring muscles, little attention 
is given to maintaining the length of the hip flexor mus
cles or ensuring that the abdominal muscles are pre
venting anterior pelvic tilt. Every step taken during gait 
requires maximal excursion of the hip flexor muscles, 
but only minimal excursion of the hamstring muscles is 
required. Maintaining adequate hip flexor muscle length 
and optimal performance of the abdominal muscles is 
important in preventing increased lumbar lordosis and 
excessive anterior pelvic tilt, particularly under dynamic 
conditions such as walking and running. 

Hip joint extension is a common postural fault ev
ident in the individual who stands in swayback posture 
with posterior pelvic tilt and hyperextended knees. The 
combination of posterior pelvic tilt and knee hyperex
tension produces hyperextension of the hip joint. 
Standing in hip hyperextension (greater than 10 de
grees) for prolonged periods can stretch the anterior 
joint capsule and place stress on the iliopsoas muscle 
and tendon. Activities that contribute to the develop
ment of hip hyperextension are distance running, ballet, 

modern dance, or any activity that includes the perfor
mance of "splits." The result of prolonged postural hip 
hyperextension is the development of the femoral ante
rior glide syndrome, which is described later in this 
chapter. 

Hip joint lateral asymmetry or apparent leg-length 
discrepancy is a fairly common postural fault (Figure 
4-4). In this postural alignment, the hip on the side of the 
high iliac crest is in adduction and the other hip is in ab
duction.1l The difference between the heights of the iliac 
crests should be at least 1/2 inch to have clinical signifi
cance. Few individuals have true structural leg-length 
discrepancies in which either the femur or tibia is longer 
on one side. In individuals with structural differences, 
there is usually a history of congenital unilateral dislo
cation of the hip, a history of injury when they were 
younger that resulted in excessive bone growth, or a 
traumatic injury as an adult that caused a loss of bone 
length. An acute change in hip height in the patient with 

Apparent leg length discrepancy (iliac crest asymmetry). The left 
iliac crest is higher than the right iliac crest when the feet are together. 
Thus the right hip abductors are stiffer than the left hip abductors. 
Abduction of the hips levels the iliac crests because the abductors are 
not stretched. 
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low back pain and radiation into the hip may be the re
sult of weakness of the hip abductor muscles. Hip ad
duction on one side and abduction on the other can con
tribute to hip pain, to back pain, and even to the 
occurrence of ankle sprain. When one iliac crest is high, 
the lateral pelvic tilt causes lateral lumbar flexion at the 
lowest segments. Lateral flexion is associated with 
spinal rotation, which is a common factor in low back 
pain (see Chapter 3). 

The ankle may be affected by an apparent leg-length 
discrepancy in two ways. Usually on the side of the ad
ducted hip (high iliac crest), the foot will tend to be 
supinated. During running or rapid changes in direction 
as required in sports, excessive length or weakness of 
the hip abductor muscles will allow the hip to move too 
far laterally over the foot when the foot is on the ground 
or allow the hip to adduct excessively during the swing 
phase of gait. The excessive hip adduction in both situ
ations and the supinated position of the foot can con
tribute to inversion injuries of the ankle. The problem 
arises because the line of gravity falls medial to the hip 
and lateral to the ankle. Therefore a comprehensive pro
gram for the patient with inversion injuries of the ankle 
should include exercises for the hip abductor muscles, 
if these muscles are weak or long and the range of hip 
adduction is excessive. 

Structural variations of the femur need to be as
sessed carefully as potential contributing factors to the 
pain problems of the hip and back. The limited range of 
hip rotation motion in one direction and the excessive 
range in the opposite direction can be associated with 
muscle shortness or weakness. Structural variations are 
relatively common and frequently contribute to the pa
tient's problems. Knowledge of the presence of struc
tural variations is also necessary for designing an accu
rate therapeutic exercise program. For example, the 
degree of lateral rotation in an exercise prescribed for 
the posterior gluteus medius (PGM) muscle has to be 
modified for the patient with hip antetorsion. 

The neck of the femur and the transverse axis of 
the femoral condyles (see Figure 2-22) form the angle of 
torsion or declination in the frontal plane. The normal 
angle is approximately 14 degrees anterior in the average 
adult, but there can be variation. Antetorsion (antever
sion) is a pathologic increase in the angle of torsion. 
Retrotorsion (retroversion) is a pathologic decrease in 
the angle of torsion. 15 At birth the angle of torsion is 30 
to 35 degrees and the femoral head faces relatively an
teriorly in the acetabulum. From birth to approximately 
.6 years of age the angle oftorsion decreases and the ori
entation of the femoral head changes so that it faces 
more medially in the acetabulum. Children with ante
torsion tend to prefer to sit in the W or "reverse tailor" 
position. Individuals with antetorsion that may be uni-

lateral or bilateral tend to be pigeon-toed unless tibial 
torsion is also present. In the W-sitting position the tibia 
is rotated laterally, and thus it may undergo rotational 
changes that compensate for the medial rotation of the 
femur. In the uncompensated position when the foot ap
pears pigeon-toed, correcting the foot alignment rotates 
the hip laterally, causing the head of the femur to point 
anteriorly in the joint, which can then become a source 
of hip pain depending on the amount of rotation. Also, 
when correcting the foot position by rotating the hip lat
erally, the limit of hip lateral rotation range of motion 
may be reached. Consequently, the hip may be forced 
into excessive rotation, or pelvic rotation will be exag
gerated during walking. During gait the hip normally ro
tates 10 degrees laterally from the midstance phase until 
the swing phase.8 

The patient with antetorsion can appear to be in 
excessive hip medial rotation and may have genu valgus 
(knock-knees). If this patient continues to sit with the 
hip maximally rotated medially, hip pain can develop 
because of excessive medial rotation. If the patient 
forces the hip to rotate laterally by exerting pressure on 
the knees when sitting in the "tailor" or "cross-legged" 
position, hip pain can also develop because of pressure 
into the anterior joint structures by the femoral head. 
The physical therapist can provide a useful screening 
service by assessing the presence of antetorsion in 
young girls who are participating in ballet or any dance 
discipline that requires the ability to rotate the hips lat
erally so that the feet point 90 degrees laterally. If the 
antetorsion is not identified, young girls participating in 
ballet in which maximum hip lateral rotation is required 
can compensate with excessive rotation at the knee 
joint (Figure 4-5). 

The patient with retrotorsion appears to have the 
feet turned out (i.e., duck walk or Charlie Chaplin gait). 
Correcting this foot alignment results in excessive hip 
medial rotation, causing the head of the femur to be di
rected more medially than when the head of the femur 
is in its optimal position. Clinical examples of hip retro
version causing groin pain were found in two profes
sional women. Both of these women sat with their legs 
crossed with the hips in medial rotation. Their profes
sions required them to spend most of their day sitting 
and talking with clients. They also participated in reg
ular exercise programs, such asjogging and tennis. Their 
hip abductors, lateral rotators, and iliopsoas muscles 
were all stretched and weakened by the prolonged sit
ting in medial rotation. Correcting their sitting habits 
and the weakness of their hip abductor and lateral ro
tator muscles, as well as strengthening the iliopsoas 
muscle, alleviated their symptoms. 

Retrotorsion can also contribute to low back pain 
if the patient participates in sports that require rotation 
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Excessive tibiofemoral rotation associated with hip antetorsion in an individual who has partici
pated extensively in ballet. A Hip extension of 10 degrees is only possible when the hip is abducted, 
indicating shortness of the tensor fascia lata-iliotibial band. B, When the hip is passively adducted, stretching 
the tensor fascia lata-iliotibial band, the tibia rotates laterally. C; Voluntary lateral tibial rotation indicates 
excessive range of motion. 

with the feet relatively fixed, such as golf or racquetball. 
If the patient stands with the feet pointing straight ahead 
to hit a golf ball, he or she may reach the end of his or 
her hip medial rotation range and need to compensate 
with lumbar rotation because of the limited motion at 
the hips. To hit a golf ball correctly requires good hip me
dial rotational range. 17 If the patient has retroversion, he 
or she should stand with the feet pointing laterally so 
that more hip medial rotational range is available than 
if he or she stands with the feet pointing straight ahead 
and the need to compensate with excessive lumbar ro
tation is avoided. Walking with the foot turned laterally 
can contribute to hallus valgus if, during the stance 
phase, the patient brings his or her weight line over the 
medial aspect of the great toe, pushing it into a valgus
oriented direction. 

The assessment of the angle of torsion needs to be 
performed carefully. Gelberman and colleagues6 report 
that assessment of antetorsion should be performed in 
the prone position with the hip joint in neutral and in the 

sitting position with the hip flexed. In this prone posi
tion, hip medial and lateral rotation can be measured. If 
the medial rotational range seems excessive (i.e., greater 
than 50 degrees) and lateral rotation is limited (i.e., less 
than 15 degrees from the vertical), antetorsion is sug
gested (Figure 4-6). With the patient remaining in the 
prone position, the examiner can also perform the Craig 
test. The Craig test is performed by rotating the hip 
through the full ranges into medial and lateral rotation 
while palpating the greater trochanter and determining 
the position in the range at which the trochanter is the 
most prominently lateral (Figure 4-7). At this point of ro
tation, the femur is optimally situated in the acetabulum. 
If the angle is greater than 15 degrees in the direction of 
hip medial rotation when measured from the vertical and 
long axes of the tibia, the femur is considered to be in 
antetorsion. By performing this test the examiner will 
have an indication of the degree of antetorsion of the 
femur. One study reported that the Craig test is more re
liable than radiologic techniques.2o 
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Effect of femoral antetorsion on hip rotation range of motion in the hip flexed and extended 
positions. A In the hip extended position, medial rotation range of motion is excessive (65 degrees). B, The 
maximum degree of lateral rotation is limited (5 degrees). C Craig's test is used to determine this subject's 
neutral hip rotation position (34 degrees). 0, In the hip flexed positioned, medial rotation range is 60 
degrees. E, Medial rotation range greatly exceeds lateral rotation range (25 degrees). F, Reverse tailor or 
W sitting is demonstrated. G, Limited hip lateral rotation interferes with the "Indian" sitting position. 

In the prone position with the hip extended and in 
neutral abduction/adduction, shortness of the hip 
abductor/medial rotator muscles can limit the lateral ro
tational range (Figure 4-8). In the hip flexed position, 
muscles cannot limit the lateral rotational range. In the 
Gelberman study, the structural antetorsion of the hip 
(as verified by magnetic resonance imaging) was present 
when the asymmetry of medial rotational range of mo
tion was much greater than the lateral rotational range 
in both the hip flexed and the hip extended positions.6 

In. the case of retrotorsion, the range of lateral rotation 
should be greater than the range of medial rotation in 
both the flexed and extended positions of the hip. With 
the hip extended and the knee flexed, none of the mus
culature that limits medial rotation is taut, therefore the 
finding in this position should be valid (Figure 4-9). In 
the hip flexed position the gluteus maximus is pulled taut 
and can limit the medial rotational range of motion. 

Tests of torsion are also important in prescribing 
hip abduction exercises because the exercise should be 
performed in the degrees of rotation that are appropriate 
for the patient's femoral configuration. Any patient with 
hip or back pain should be routinely assessed for the 
presence of torsional variations. 

The angle of inclination needs to also be consid
ered in the assessment. The neck of the femur forms an 
angle with the shaft in the frontal plane that varies during 
the life cycle, but it is approximately 125 degrees in the 
adult. At 3 weeks of age, the angle is 150 degrees. 18 In 
the adult, coxa valgum is present when the angle ex
ceeds 130 degrees and coxa varum is present when the 
angle is less than 120 degrees (Figure 4-10). 

Relationships between movement impairment syn
dromes of the hip and the angle of inclination have not 
been identified to date, but relationships between the 
contour of the thigh and the angle of inclination are sug
gested. In the presence of coxa vara, a reasonable as
sumption is that the greater trochanter may be particu
larly prominent and may be less flush with the lateral side 
of the pelvis. The patient with lateral prominence of the 
proximal thighs often believes there is excessive fat on 
the thighs, which may not be the case. In the side-lying 
position this patient is usually in marked lumbar lateral 
flexion because of the width of the pelvis and the exag
gerated lateral prominence of the femur. In the side-lying 
position the same structural factors contribute to exces
sive hip medial rotation and adduction when the patient 
sleeps with the uppermost hip and knee flexed so that 



DIAGNOSIS AND TREATMENT OF MOVEMENT IMPAIRMENT SYNDROMES 

Degree of anteversion 

------------~ ~ 

Palpate greater trochanter parallel to table 

Craig's test. In the prone position, as the examiner rotates the hip, the 
most lateral prominence of the greater trochanter is determined, which 
is the neutral position of the femoral head in the acetabulum. (From 
Magee DJ : Orthopedic physicol assessment, ed 3, Philadelphia, 1997, 
WB Saunders.l 

the knee is resting against the bed. If the pelvis is wide 
the posterolateral hip muscles will be in a position of ex
cessive stretch, which can lead to weakness. When the 
patient with weak abdominal muscles rolls from a supine 
to a side-lying position, the amount of trunk rotation can 
be greater than the rotation of the lower half of the body 

Hip lateral rotation limited by shortness of the tensor fascia 
lata-iliotibial band. A In the hip extended (prone) position, hip lateral 
rotation is limited to 30 degrees. B, Medial rotation is limited to 20 
degrees. C In the hip flexed (sitting) position, hip lateral rotation is 50 
degrees. D, Medial rotation is 25 degrees. 

because the wider pelvis and hips have greater resistance 
to rotation than the narrower pelvis and hips. Clinically, 
an increased tendency of the tensor fascia lata-iliotibial 
band (TFL-ITB) to become short in the patient with this 
type of structure has been observed, possibly because 
the band remains positioned anterior to the greater 
trochanter rather than lateral over it. 

It is recommended that this patient place a small 
pillow or folded towel under the waist when sleeping on 
his or her side and use a pillow between the knees in the 
side-lying position. The patient needs to practice log 
rolling and incorporate this motion into his or her daily 
routine, especially when moving in bed. Instructions in 
methods to restore or maintain the strength of the ex
ternal and internal oblique abdominal muscles by fre
quent isometric contraction of these muscles are indi
cated as well. The patient should avoid sitting with the 
legs crossed to minimize the development of shortness 
of the TFL-ITB. 
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Hip retrotorsion. A In the prone position, left hip lateral rotation range 
of motion of 50 degrees is less than normal (fefV and the medial rota
tion range of motion is less than normal (righV. B- The right hip has the 
same pattern of excessive lateral (fefV and limited medial range of 
motion (righV. 

Knee Joint 
Distinguishing structural variations from acquired faults 
at the lmee can be challenging. 

Sagittal Plane 
In the sagittal plane, hyperextension and flexion can be 
acquired postural faults with hyperextension more 
common. In some patients the hyperextension is so ex
aggerated that even when attempting to stand correctly, 
the femur is anterior to the tibia rather than in the same 
plane (see Figure 2-36). With this degree of hyperexten
sion, the posterior joint capsule is stretched, the ante
rior cruciate ligament is slacked, and the anterior artic
ular surface of the tibia is altered by the compressive 
forces. In other patients the bowing of the tibia in the 
sagittal plane may suggest minimal genu recurvatum 
(Figure 4-11). In this condition the tibia is bowed, but 
the lmee joint is not always in hyperextension. Careful 
examination is necessary to distinguish the presence of 
one or both of these malalignments. Postural lmee 
flexion, particularly in the older individual, is usually a 
sign of degenerative lmee joint disease. 

Frontal Plane 
In the frontal plane, genu valgum (lmock-lmeed) and 
genu varum (bowlegged) can be either structural or ac-

Valgum 
1450 
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Angles of inclination. The femoral shaft and neck normally intersect at 
an angle of approximately 1 25 degrees. When this angle is abnormally 
large (about 145 degrees), the shaft of the femur is displaced laterally 
and coxa varum (bowlegged ness) results. When the angle of the 
femoral shaft and neck is too small (about 110 degrees, the femoral 
shaft is displaced medially and coxa valgum (knock-kneedness) results. 
(From Mathers et al : Clinical anatomy principle!i St Louis, 1996, Mosby'> 

Tibial bowing in the sagittal plane. Side view illustrates bowing of 
the tibia, which can be mistaken for hyperextension of the knee joint. 
The knee joint is not hyperextended. 

quired impairments (Figure 4-12). Although tibial varum, 
genu varum, and bowlegged are interchangeable terms,22 
clinically these often appear as different conditions. In 
some patients the bowing appears to be confined to the 
tibia, and in others the lmee joint appears to be bowed. 
As shown in Figure 4-13 the right tibia appears bowed 
(tibial varum), but the lmeejoint appears to be relatively 
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+-t--t- Fibula 

Normal Genu valgum Genu varum 

Valgus and varus deformities at the knee joint. A valgus deformity 
is one in which the distal element of a joint (tibia) is deviated laterally 
(away from the midline). A varus deformity is one in which the distal 
element of a joint is deviated medially (toward the midline). (From 
Mathers et al: Clinical anatomy principles, St Louis, 1996, Mosby'> 

Tibial varum and genu varum. The right tibia is bowed in the frontal 
plane, but the knee is relatively well aligned. The left tibia and knee joint 
are bowed. 

well aligned. In contrast, the left lmee appears to be 
bowed with a greater degree of tibial bowing. Standing 
on the left lower extremity increases the degree of varus, 
but standing on the right does not (Figure 4-14). In
creased varus moment, such as that evident in the left 
lower extremity, can contribute to degenerative lmee 
joint disease. Therefore radiologic analysis of the actual 
relationship of the femur to the tibia, as well as the shape 
of the tibia, is important to ascertain whether there are 
changes in the lmee joint or simply a variation in the 
shape of the tibia. Exaggerated genu varum is most often 
an indication of degenerative lmee joint disease (Figure 
4-15). The patient with genu varum often walks with an 
antalgic gait, because this motion decreases the varus 
moment on the lmee during the stance phase. When there 
is true genu varum at the lmee joint and the patient does 
not shift his or her weight laterally during walking, the 
varum moment at the lmee is increased, which can fur
ther contribute to the malalignment (see Figure 4-14). 
Hip medial rotation with lmee hyperextension can give 
the appearance of genu varum (Figure 4-16). 

Genu valgum appears to be a variation in the an
gulation of the femur rather than the tibia (Figure 4-17). 

Increased genu varum during single-leg standing. A, Standing on 
the right leg does not increase the degrees of genu varum. 8, Standing 
on the left leg does increase the degrees of varum. 
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Genu varum and degenerative joint disease. This patient has 
diagnosed degenerative joint disease of her left knee with severe genu 
varum. 

Acquired postural impairments such as hip medial ro
tation can also give the appearance of genu valgum (see 
Figure 4-17). If the problem is an acquired fault, the foot 
should be pronated so that correction of the rotation 
also corrects the foot position. If the foot is neutral or 
supinated, the rotation is most likely structural (i.e., 
femoral antetorsion). 

Tibial torsion, which is a structural rotation of the 
shaft of the tibia and not rotation of the entire tibia at 
the lmee joint, is another structural variation (Figure 
4-18). Tibial torsion is assessed with the lmee flexed by 
determining the angle between the medial and lateral 
malleoli in relation to the horizontal plane. The normal 
angle is less than 20 to 25 degrees. Most often the tor
sion is in a lateral direction. If the foot is in the plane of 
the ankle, it will face laterally. Shortness of the iliotibial 
band (ITB) can contribute to lateral tibial rotation at the 
lmee joint. If structural torsion is present and the ITB 
becomes short and the lmee joint is flexible the pull of 
the band will laterally rotate the tibia (Figure 4-19). If the 
foot faces anteriorly, it is in inversion and the range into 
dorsiflexion may be limited because of this alignment 
(Figure 4-20, page 134). 

Acquired genu varum. A Hip medial rotation and knee hyperextension cause genu vanum. B, The feet are 
laterally rotated and pronated. Hip and knee flexion in this alignment contributes to foot pronation, and the 
path of the knee is medial to the big toe, which can contribute to hallux valgus. C; Correction of the hip medial 
rotation, knee hypertension, and lateral rotation of feet eliminates the genu valgum and foot pronation. 
0, In the ideal alignment the path of the knee during hip and knee flexion is over the longitudinal axis of the 
foot, the second toe. 
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A 

B c 

Genu valgum, structural and acquired. A Back view of a young woman with structural genu valgum 
and supinated feet. B- Front view of the same woman, further illustrating supinated feet. C Back view of an 
individual with hip medial rotation that has contributed to genu valgum and pronated feet. 

B c D 

Tibial torsion. A The knee is correctly aligned in the sagittal plane, but the feet are facing laterally as the 
result of tibial torsion. B- During hip and knee flexion with the feet laterally rotated the knee is correctly 
aligned. C With the feet pointing forward, the knee becomes medially rotated. D, During flexion, the knee 
moves in a medial diredion. 



Movement Impainnent S!JnoromeiJ of tbe Hip ______________________________________________________________________________ ~ ________ ~ ________ ~ ____ ~ ____ ~1331----4 

Unilateral tibial torsion exaggerated by short TFL-ITB. A, When the right tibia is laterally rotated, the 
knee faces anteriorly. B, During hip and knee flexion the knee alignment is correct. C When the foot is cor
rected, the knee faces medially when standing. 0, The foot also faces medially during hip and knee flexion. 
£, In the hip flexor length test position, the left tibia is laterally rotated. F, The lateral rotation increases as the 
TFL-ITB is stretched. G; The right tibia is not rotated in the resting position (shown in OJ or with stretch of 
the band. 

CHAJYrER F OUR 
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Tibial torsion and dorsiflexion range of motion. A, Tibia l torsion is 
observed, but the foot is directed anteriorly. Thus the ankle is in inver
sion, which limits the dorsiflexion range of motion. B, When the foot is 
laterally rotated so that the ankle is in neutral, the dorsiflexion range of 
motion is increased. 

Foot 
When the foot is pronated, proximal forces primarily 
originating at the pelvis and hip contribute to the align
ment fault. Most commonly, poor control of the hip lat
eral rotator muscles allows the hip to rotate medially 
and exert a pronatory stress on the foot. When the foot 
is supinated and rigid, the forces are directed up the 
closed kinetic chain rather than down. In this situation 
as in many others, the body follows the path of least 
resistance for motion. If the foot is stiff and does not 
adequately dorsiflex, the stress can be at the knee joint 
or at the hip joint if the knee is stable. Most often the 
knee joint is affected, causing either a rotation- or 
posterior-directed stress. Often tibial bowing in the 
sagittal plane can be observed in the patient with rigid 
feet or in the frontal plane if the foot is markedly 
supinated. 

Motion" of tbe Hip 
Pelvic Girdle Motions 

ANTERIOR PELVIC TILT. The ASIS is anterior to the ver
tical plane through the symphysis pubis. ll Commonly 
used clinical indicators are when the ASIS is lower than 
the PSIS and the hip joint is flexed as indicated previ
ously. The differences between the relative heights of 
the ASIS and PSIS should be greater than 15 degrees for 
clinical significance. 

POSI'ERIOR PELVIC TILT. The ASIS is posterior to the ver
tical plane through the symphysis pubis.ll When mea
suring the anterior and posterior pelvic tilt, the angle 
formed between the line connecting the posterior and 
anterior iliac spines and the horizontal plane varies by 
± 12 degrees in normal individuals. 2 

LATERAL PELVIC TILT. One iliac crest is higher than the 
other with differences of less than liz inch considered 
within the normal range of variability. 

ROTATION. The vertical plane through one ASIS is 
forward of the vertical plane through the other ASIS. 
Clockwise rotation occurs when the left ASIS is forward 
ofthe right. When the pelvis is rotated clockwise and the 
lower extremities appear to be facing anteriorly, the 
right hip joint is in postural medial rotation while the left 
hip joint is in lateral rotation. Often these faults of pos
tural alignment are consistent with the differences in 
muscle stiffness or length. For example, in the alignment 
described, the right TFL may be short and the right pos
terior gluteus medius (PGM) muscle may be long, which 
is consistent with the postural alignment. On the left 
side, the PGM muscle or the hip lateral rotator muscles, 
the obturators, gemelli, and piriformis could be short or 
stiff. 

Hip Joint Motions 
HIP FLEXION. Movement occurs in an anterior direc

tion around a coronal axis. The full range through flexion 
is approximately 125 degrees. During hip flexion there 
is slight posterior glide of the femoral head. 

HIP EXTENSION. Movement occurs in a posterior di
rection around a coronal axis. The normal range is ap
proximately 10 degrees. Normal standing alignment is 
o degrees of hip extension. During hip extension there 
is slight anterior glide of the femoral head. When the 
pelvis is tilted posteriorly enough to flatten the lumbar 
spine, the hip is in 10 degrees of extension in most indi
viduals. When an individual stands with the knees hyper
extended (genu recurvatum), the hip is extended. There
fore when the posterior tilt flattens the lumbar spine and 
the individual has hyperextended knees, the hip joint 
extension may approach 20 degrees (see Figures 2-34). 



Movement Impairment S1llnoromea oftbe Hip ____________________________________________________________________ ~~ ______ ~o ____ ~~--~~---\13~ 

CHAPTER F OUR 

HIP MEDIAL ROTATION. Movement occurs around a lon
gitudinal axis with the anterior surface of the thigh 
turning toward the midsagittal plane. The accessory mo
tion is posterior glide. Normal range of motion is ap
proximately 45 degrees, but this range is highly variable. 
Structural conditions affecting the range of motion in
clude femoral antetorsion and retrotorsion, which have 
been discussed. Medial rotational range appears exces
sive in the individual with antetorsion of the hips, which, 
based on clinical experience, has a higher incidence in 
women than in men. The finding of hip antetorsion on 
one side only is common. 

HIP LATERAL ROTATION. Movement occurs around a lon
gitudinal axis with the anterior surface of the thigh 
moving away from the midsagittal plane. The accessory 
motion is anterior glide. Range of motion is approxi
mately 45 degrees, but this range is highly variable. In 
the individual with hip retrotorsion, the range into lat
eral rotation appears to be excessive. This condition is 
found more often in men than in women. 

ABDuCTION. Movement occurs away from the mid
sagittal plane in the lateral direction. Normal range is ap
proximately 45 degrees. During abduction, the femoral 
head should move inferiorly. 

ADDUCTION. Movement occurs toward the mid
sagittal plane in the medial direction. Range is approxi
mately 10 degrees. During adduction, the femoral head 
glides superiorly. 

Hip Joint Accessory Motions 
Although accessory motions of the hip joint are pre
sent, these are believed to be limited in range because 
of the depth of the acetabulum and the fibrocartilagi
nous acetabular labrum that deepens the acetabulum 
from less than one half to greater than one half of a 
sphere. 

ANTERIOR GLIDE. Movement occurs in an anterior 
(ventral) direction. According to the convex-concave 
rule, anterior glide occurs with hip extension and lateral 
rotation. 

POSTERIOR GLIDE. Movement occurs in a posterior 
(dorsal) direction with hip flexion and medial rotation. 

SUPERIOR GLIDE. Movement occurs along the longitu
dinal axis in the cephalad direction. Superior glide oc
curs during hip adduction. 

INFERIOR GLIDE (WNG AXIS DISTRACTION). Movement oc
curs along the longitudinal axis in the caudal direction 
with the hip in the resting position. Inferior glide occurs 
during hip abduction. 

MEDIAL GLIDE. Compression occurs medially. 
LATERAL GLIDE. Lateral- or short-axis distraction 

occurs. 

Mu"cu[ar Action" of the Hip 
Anterior Trunk Muscles Affecting the Pelvis 
The ex ternal oblique abdominal muscle tilts the pelvis 
posteriorly when acting bilaterally (see Figure 3-26). 
When contracting unilaterally and acting with the con
tralateral internal oblique muscle, the action is rota
tion of the trunk or pelvis. For example, acting to
gether the left external oblique and right internal 
oblique muscles rotate the trunk counterclockwise or 
the pelvis clockwise. 

Acting unilaterally, the lateral portion of the ex
ternal oblique abdominal muscle moves the iliac crest 
on the same side cranially, causing a lateral tilt. This 
muscle commonly tests weak, particularly in women. 
Because of the critical role of the external oblique in 
tilting the pelvis posteriorly, flattening and supporting 
the lumbar spine, and controlling rotation, particularly 
with regard to preventing pelvic rotation, adequate per
formance is important. The external oblique muscle is 
often less dominant than the rectus abdominis muscle, 
which also tilts the pelvis posteriorly.9 Therefore spe
cific training for adequate participation is often neces
sary. Bilateral contraction of the external oblique mus
cles narrows the infrasternal angle and compresses the 
ribs and thus can reduce the tendency for the ribs to 
flare. 

The internal oblique abdomi nal muscle when con
tracting bilaterally flexes the thorax and when acting 
unilaterally with the external oblique muscle performs 
rotation as described previously. When contracting uni
laterally, the internal oblique will tilt the same side of the 
pelvis laterally, moving it cranially. 

The rectus abdominis muscle flexes the thorax 
(curls the trunk) and tilts the pelvis posteriorly and is 
often more dominant than the internal and external 
oblique muscles.21 If the rectus abdominis becomes 
dominant and the performance of the obliques is com
promised, control of trunk or pelvic rotation is compro
mised because the rectus abdominis cannot control ro
tation. Because it attaches to the sternum, shortness or 
stiffness of this muscle contributes to a depressed chest 
and thoracic kyphosis (Figure 4-21). 

The transversus abdominis muscle stiffens the 
spine and compresses the viscera. This abdominal 
muscle is another of those whose performance can be 
easily enhanced by a conscious effort to contract the 
muscle by "pulling the navel toward the spine. " 7,19 

The iliopsoas muscle (see Figure 3-24) flexes the hip 
or tilts the pelvis anteriorly when the lower extremity is 
fixed. In the erect position, the iliopsoas muscle exerts a 
weak extension moment on the upper lumbar spine and a 
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Short rectus abdominis. Depressed chest from shortness of the rectus 
abdominis. 

flexion moment on the lower lwnbar spine. I When the 
lwnbar spine is flexed, the iliopsoas muscle exerts a 
flexion moment on all segments of the lwnbar spine. Ac
cording to the study by Bogduk and associates3 the mo
ments exerted on the lwnbar spine are minimal. The major 
forces acting on the lwnbar spine are compression and an
terior shear forces. The lateral flexion moments exerted 
on the lwnbar spine by the iliopsoas muscle are small.3 

Because the iliopsoas muscle attaches to the ante
riorportion of the transverse processes of all lwnbarver
tebrae and intervertebral disks, it can contribute to me
chanical dysfunction and often to a patient's symptoms. 
The iliopsoas muscle contributes to lateral rotation and 
abduction of the hip. 

Posterior Muscles Affecting the Pelvis 
When acting bilaterally the erector spinae muscles 
cause anterior pelvic tilt. When acting unilaterally these 
muscles cause lateral pelvic tilt (see Figure 3-21). 

The quadratus lumborum muscle tilts the pelvis 
laterally; when the pelvis is fixed, it flexes the trunk lat
erally (see Figure 3-24). Because of its attachment to the 
transverse processes oflwnbar vertebrae, the quadratus 
lwnborum muscle contributes to lateral trunk flexion if 
it is short. 
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Tensor fascia lata-iliotibial band. The TFL-ITB is a major contributor 
to impairments of the lower extremity. Its actions of abduction, flexion, 
and medial rotation of the hip are the most common motions of the hip 
joint. The attachment of the TFL-ITB to the patella and the lateral aspect 
of the tibia contribute to impairments of the patella and to lateral rota
tion of the tibia. (From Mathers et al: Clinical anatomy principles, St 
Louis, 1966, Mosby'> 

Anterior Muscles Affecting the Hip Joint 
The iliopsoas muscle flexes and laterally rotates the hip 
joint slightly. The iliopsoas is the only muscle capable of 
flexing the hip at the end range of hip flexion. 

The TFL-ITB flexes, rotates medially, and abducts 
the hip (Figure 4-22). When the knee is extended, the 
TFL-ITB can act to stabilize the knee, although it does 
not extend the knee. 10,16 In patients with a short ITB, 
during muscle length testing, if the hip is adducted from 
the hip extended and abducted position, the knee will 
extend from the passive tension of the band. When a pa
tient sits without using the backrest on a chair, he or she 
is using the hip flexor muscles, which can include the 
TFL to maintain the hip flexion position. The lateral at
tachment of the TFL onto the tibial tuberosity can con
tribute to lateral tibial rotation if the knee is not stable. 
The lateral slips of the band attach to the patella and thus 
contributes to lateral glide of the patella. 

The TFL commonly becomes short and stiff and is 
often mistaken for shortness of the iliopsoas muscle 
when, during hip flexor length testing, the hip is pre-



Movement Impairment S~noromei1 of tbe Hip ______________________________________________________________________ ~ ______ ~ ____ ~~--~~---\137 

CHAPTER FOUR 

Anteroposterior 
iliac spine 

Gluteus medius 

Tensor fascia lata --fll llln 
Obturator internus Gluteus minimus 

Superior gemellus 
Piriformis 

Sartorius ----+II-I1lt-I 
Obturator intern us 

-+---- Gracilis --------+ 

Inferior gemellus 

Quadriceps 
femoris Vastus lateralis 

Gluteus maximus 
B A 

-+---~ Adductors -~~==::::=l 
Rectus femoris --~ 

Semitendinosus ----+ Vastus lateralis 

Vastus medialis ----~ 

Biceps femoris 

#---=- Gastrocnemius 
Semimembranosus 

Anterior Posterior 

Muscles of the pelvis, hip, and thigh. A, Anterior view. B, Posterior view. (From Scuderi GR et al: Sports 
medicine: principles of primary care, St Louis, 1997, Mosby'> 

vented from abducting. The TFL muscle tests strong 
when the iliopsoas or PGM muscle tests weak with the 
exception of when the TFL becomes strained. When the 
TFL becomes stiff or short and the lower extremity is 
fixed, its contraction can result in rotation of the pelvis 
because the TFL muscle is a medial rotator of the hip. If 
segments of the lumbar spine have become particularly 
flexible and easily rotate, the rotation of the pelvis will 
also cause rotation of the lumbar spine. 

The sartorius muscle flexes, rotates laterally, and 
abducts the hip. It also flexes and rotates the knee me
dially (Figure 4-23). 

The rectus femoris muscle flexes the hip and ex
tends the knee. 

Posterior Muscles Affecting the Hip 
The gluteus maximus muscle extends and laterally ro
tates the hip (see Figure 4-23). The upper one half of the 
muscle abducts the hip; the lower one half adducts the 
hip. Approximately 80% of the gluteus maximus inserts 
into the ITB. Therefore this muscle exerts a strong in
fluence on the band and can contribute to restricted hip 
adduction range. Shortness of this muscle can con
tribute to compensatory lumbar flexion when the indi
vidual is sitting with the hips flexed. 

The gluteus maximus muscle can become atro
phied, and its dominance as a hip extensor lessens, par
ticularly in the individual who stands in a swayback pos
ture, exaggerating the posterior distance of his or her 
weight line from the hip joint. Decreased activity in this 
muscle, particularly when combined with decreased 
performance of the other posterior muscles of the hip 
girdle, compromises the control of the femur in the ac
etabulum. The patient who stands in a posterior pelvic 
tilt and swayback posture will often walk with minimal 
use of the gluteus maximus muscle during the stance 
phase of gait. The patient with weak or absent hip ex
tensor muscles can be taught to stand in the swayback 
posture because of the mechanical forces that con
tribute to the maintenance of hip extension. To avoid the 
mechanical effects that detract from the participation of 
the muscle, the patient with swayback posture needs to 
correct his or her alignment and actively contract the 
gluteus maximus muscle at heel strike to use the muscle 
effectively during gait. 

The posterior portion of the gluteus medius 
muscle extends, abducts, and laterally rotates the hip 
(see Figure 4-23). This portion often becomes exces
sively lengthened or weak. Careful muscle testing allows 
the examiner to differentiate between the two condi-
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tions. If the patient cannot hold at the end of the range 
but is able to take strong resistance after the hip has ad
ducted 10 to 15 degrees, the posterior portion of the glu
teus medius muscle is probably excessively long. If the 
patient cannot hold at the end of the range and can tol
erate only minimal resistance throughout the range of 
motion, the posterior portion is probably weak. The 
weakened muscle is usually associated with pain in the 
muscle belly, which is evident upon contraction or with 
palpation. If the muscle is long, the pain usually occurs 
during hip joint motions, because the pain source is the 
faulty control of the head of the femur in the acetabulum. 
This muscle is commonly affected by postural faults. 

The anterior portion of the gluteus medius muscle 
abducts, medially rotates, and assists in flexion of the 
hip. This portion is usually strong, which further con
tributes to a tendency for excessive medial rotation of 
the hip. 

Shortness of the posterior and anterior portions of 
the gluteus medius muscle is associated with postural 
hip abduction. The patient with his or her iliac crest high 
(postural adduction) on the side of an IA,5 neuropathy 
should be tested for weakness of the gluteus medius 
muscle. The lateral lumbar flexion associated with hip 
joint asymmetry can further contribute to the nerve root 
compression. 

The gluteus minimus muscle abducts, rotates me
dially, and assists in flexion of the hip (Figure 4-24). The 
gluteus minimus is another muscle that contributes to 
the abduction-medial rotation tendency of the hip. 

The piriformis muscle rotates laterally, extends, 
and abducts the hip when the hip is in flexion (see 
Figure 4-24). The length of this muscle needs to be con
sidered carefully in the piriformis syndrome. Although 
the piriformis is commonly considered to be short 
when this syndrome is present, Kendallll reports that 
symptoms of this syndrome can also be found in the 
patient who has a lengthened piriformis muscle. In the 
clinical experience of the author of this text, this syn
drome is found more frequently in the patient with a 
lengthened piriformis than in the patient with the short
ened piriformis. The therapist must carefully examine 
the length of the muscle before planning intervention 
for the syndrome. 

The obturator internus and externus and supe
rior and inferior gemelli muscles are lateral rotators. 
They frequently become weak or stiff, but these mus
cles can also become excessively lengthened (see 
Figure 4-24). The obturator intemus, superior and infe
rior gemelli, and piriformis muscles assist in abduction 
when the hip is flexed, whereas the obturator extemus 
assists in the adduction of the hip. In the patient who 
stands in hip extension with the upper back in a sway
back position, these muscles can become short or stiff 

and can create resistance to posterior gliding of the hip 
during flexion. Stiffness or shortness can contribute to 
anterior groin pain, which is a symptom of the femoral 
anterior glide syndrome described in this chapter. The 
lateral rotator muscles are commonly affected by pos
tural faults. Dysfunctions of these muscles are com
monly observed in the patient with dysfunction of the 
central nervous system. 

Medial Muscles Affecting the Hip 
The pectineus muscle adducts, rotates medially, and as
sists in flexion of the hip (see Figure 4-23). The gracilis 
muscle adducts the hip and medially rotates and flexes 
the knee. The adductor longus muscle adducts and 
flexes the hip. The adductor brevis muscle adducts and 
flexes the hip. The adductor magnus muscle adducts 
the hip with the anterior fibers flexing the hip and the 
posterior fibers extending the hip. As discussed by 
Kendall, this muscle can participate in both medial and 
lateral rotation. II 

Anterior Muscles Affecting the Hip and Knee 
The quadriceps femoris muscle consists of four major 
muscle groups: rectus f emoris, vastus lateralis, vastus 
medialis, and vastus intermedius (Figure 4-25). The 
rectus femoris muscle flexes the hip and extends the 
knee. The vasti arise from the anterior and posterior 
(linea aspera) surfaces of the femur. Because these mus
cles attach to the femur and tibia, they extend the knee 
and do not directly influence the hip joint. The vastus 
medialis oblique muscle has an important role in the me
dial glide of the patella. 12 
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Obturator intemus and extemus. These muscles are important rota
tors of the hip that also provide control of the femoral head in the 
acetabulum. Shortness or stiffness of the lateral rotator muscles is 
believed to contribute to the femoral anterior glide syndrome. (From 
Mathers et al: Clinical anatomy principles, St Louis, 1996, Mosby'> 



Movement Impairment SYinoyomeiJ of the Hip ______________________________________________________________________ ~ ______ ~v~ __ ~--~~~~--~139 

CH.AJYfER FOUR 

Posterior Muscles Affecting the Hip and Knee 
The semimembranosus and semitendinosus muscles 
extend and rotate the hip medially and flex and rotate the 
knee medially (see Figure 4-23). This pair of muscles can 
become stiffer or shorter than its synergist, the biceps 
femoris muscle. This condition is seen in the individual 
who has excessive hip medial rotation. The imbalance is 
most evident during lmee extension performed while in 
the sitting position. In the presence of shortness of the 
medial hamstrings, if the femur is allowed to rotate me
dially as the lmee extends, the range of motion is close 
to normal. If the medial rotation of the femur is prevented 
as the knee extends, the range of motion is limited. 

The bicepsJemoris muscle (see Figure 4-23) extends 
and rotates the hip laterally and flexes and rotates the 
knee laterally. The biceps femoris can become the domi
nant muscle for hip lateral rotation, the result of which is 
pain at the knee or the hip. The reason for this painful con
dition at the hip is that the biceps femoris muscle does 
not have attachments that extend from the pelvis to the 
femur. The short head of the biceps femoris muscle arises 
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Rectus femoris and vastus lateralis, medius, and intermedius. The 
rectus femoris is a powerful flexor of the hip and participates in knee 
extension with the vastL (From Reckling FW: Orthopedic anatomy and 
surgical approaches, ed 1, 5t Louis, 1990, Mosby'> 

from the distal femur and inserts into the tibia The distal 
origin of this muscle limits the effectiveness of its control 
on the proximal femur. If the lmee is particularly flexible, 
contraction of the biceps femoris can contribute to lat
eral rotation of the tibia rather than just lateral rotation 
of the femur with the result being lmee pain. 

The hamstring muscles contribute to a number of 
motions of the lower extremity. Because of their mul
tiple actions, as well as their requirements of extensi
bility, the hamstring muscles are frequently subject to 
strain. This strain can be attributed in part to their 
overuse when synergists are underused. An example of 
this problem is the dominant use of the hamstring mus
cles and the underuse of the gluteus maximus muscles. 
Runners with swayback posture, who have an atrophy 
and a wealmess of the gluteus maximus muscles, can be 
predisposed to hamstring muscle strain (Figure 4-26). 
The hamstring muscles can also produce lmee exten
sion, substituting for the quadriceps muscles. When the 
foot is fixed by contact with the floor, hip extension also 
produces lmee extension. 

Swayback posture with posterior pelvic tilt and hip extension. 
Poor definition of gluteal musculature and well-developed hamstring 
muscles. 
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Discrepancies in the amount of participation of the 
medial versus the lateral hamstring muscles can also de
velop. For example, cyclists who keep their hip rotated 
medially while riding their bicycles tend to use the me
dial hamstring muscles more than the lateral hamstring 
muscles. The lateral hamstrings can become dominant 
lateral hip rotators and can diminish the activity of the 
intrinsic hip lateral rotators, obturators, gemelli, and pir
iformis muscles ofthe pelvic girdle. Observing the move
ment pattern and manual muscle testing are used to 
assess the presence of a change in dominance. For ex
ample, when a patient with persistent hamstring muscle 
strain has a swayback posture and poor definition of the 
gluteus maximus muscle, the results of the following 
tests are used to assess whether the hamstring muscles 
have become the dominant hip extensor: 

• In the prone position at the initiation of hip exten
sion, a visible change occurs in the contour of the 
hamstring muscles. The change in the contour of 
the gluteus maximus muscle, however, does not 
occur until the hip is almost completely extended. 

• The manual muscle testing of the gluteus maximus 
muscle can confirm whether the muscle is weak or 
strong. 

Posterior Leg Muscles Affecting 
the Knee and Ankle 
The gastrocnemius muscle flexes the knee and plantar 
flexes the ankle (see Figure 4-23). Along with the soleus 
muscle (Figure 4-27), the gastrocnemius muscle is the 
primary plantar flexor of the ankle. However, in the in
dividual involved in activities such as dance, this 
muscle may be weak. Weakness can also be found in 
the individual who has short heel cords and who uses 
the shortness to produce the force required for plantar 
flexion. To assess the presence of weakness, the ther
apist needs to provide resistance against plantar 
flexion at the ankle joint by holding at the calcaneus 
with the subtalar joint in neutral rather than at the 
metatarsal heads. When there is weakness of the 
gastrocnemius-soleus muscle group, the patient is un
able to plantar flex the ankle to overcome the resis
tance applied by the therapist. The same patient gen
erates a stronger plantar-flexion force against pressure 
applied at the level of the metatarsal heads. The ex
planation is that the patient is recruiting additional 
plantar flexors, such as the peroneus longus, tibialis 
posterior, flexor hallucis longus, and flexor digitorum 
longus muscles, to plantar flex the ankle and joints of 
the foot (Figure 4-28). To encourage use of the gas
trocnemius-soleus group, the patient should "lift the 
heels" when performing plantar flexion rather than 
continuously repeating the faulty movement pattern of 
"going up on the toes." 

Semitendinosus 
muscle 

Plantaris muscle ---t~ .. 
belly 

Popliteus muscle ---

Plantaris tendon --...... lfllllfn 

Popliteal fossa 

Biceps femoris 
muscles 

Gastrocnemius 
muscle, 
medial and 
lateral heads 

Soleus muscle 

~~~iiJ==- Gastrocnemius 
muscle (cut) 

Achilles tendon 

Flexor (medial) ----f
retinaculum 

V rf .),-- Peroneal (lateral) 
retinaculum 

Calcaneus 

Soleus. The soleus muscle plantar flexes the ankle. (From Mathers et 
al: Clinical anatomy principles, 5t Louis, 1996, Mosby'> 

Anterior Leg Muscles Affecting the Ankle 
The tibialis anterior muscle dorsiflexes the ankle joint 
and inverts the foot at the subtalar joint (Figure 4-29). 
This muscle can be overused if the running pattern is 
one of prolonged dorsiflexion with minimal plantar 
flexion. This type of pattern occurs if the patient keeps 
his or her center of gravity somewhat posterior rather 
than anterior when jogging. For correction, the patient 
needs to push-off during the late phase of stance, which 
will contribute to a greater range-of-knee flexion and hip 
flexion and thus allow the foot to plantar flex, relaxing 
the dorsiflexors during the swing phase. If the patient 
does not push off during terminal stance phase, the knee 
and hip flexion ranges of motion decrease. Therefore the 
ankle must be maintained in dorsiflexion throughout 
swing phase to clear the foot. This type of repeated foot 
posture could lead to anterior shin splints, which is an 
overuse syndrome of the tibialis anterior. The pain is lo
cated on the anterolateral aspect of the tibia. 
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Extensor hallucis 
longus muscle 
Extensor digitorum 
longus muscle 

Fibula 

Peroneal muscles 

Flexor hallucis 
longus muscle 

Tibialis posterior muscle 

Small saphenous vein 

Deep calf muscles. The peroneus longus, plantar flexes and everts the ankle by exerting its actions on the 
foot. The tibialis posterior, flexor hallucis longus, and flexor digitorum longus plantar flex and evert the 
ankle. The tibialis posterior supports the longitudinal arch of the foot, and the other muscles flex the toes. 
Posterior shin splints is the result of a strain of one or all these muscles. The patient can substitute the action 
of these muscles for that of the gastrocnemius and soleus muscles. (From Mathers et al: Clinical anatomy 
principles. St Louis, 1996, Mosby'> 

The tibialis anterior muscle is an antagonist of the 
peroneus longus muscle because it inverts the foot, 
whereas the peroneal muscles evert the subtalar joint. 
If the foot is pronated (everted) and the peroneus 
longus muscle is short, the foot will evert as it dorsi
flexes rather than remain neutral with respect to inver
sion or eversion. This type of movement indicates the 
dominance of the peroneus longus muscle and con
tributes to excessive pronation of the foot. The patient 
should be instructed to dorsiflex and invert to stretch 
the peroneus longus muscle. The patient will often feel 
stretch along the lateral aspect of the leg while per
forming this exercise. The tibialis anterior muscle is 
also an antagonist of the peroneus longus muscle be
cause the former dorsiflexes the ankle, whereas the 
latter plantar flexes the ankle. 

The extensor digitorum longus muscle dorsiflexes 
the ankle and extends the toes. If the patient has hammer 
toes, the toe extensors and flexors are both short, 
whereas the lumbrical and interossei muscles are weak. 
A patient with hammer toes will dorsiflex the foot by 
contracting the toe extensors more strongly than the tib
ialis anterior muscle. This dominance of the toe exten
sors acting as ankle dorsiflexors is also evident when the 

patient with hammer toes sits down or stands up. During 
these motions, the toes will extend because his or her 
center of gravity is too far posterior in relation to the feet 
and thus the patient will be pulling the body forward. In
stead, the patient should have the weight line over the 
feet so that he or she is raising the body mass in the ver
tical direction more than pulling it forward. During the 
incorrect pattern the dorsiflexors and toe extensors 
muscles are used concentrically to pull the center of 
gravity forward or eccentrically to restrain the posterior 
movement of the center of gravity. If the patient keeps 
the center of gravity centered over the feet, the use of 
the plantar flexor muscles increases and the use of the 
toe extensor and ankle dorsiflexor muscles decreases. 
The patient needs to be instructed to keep his center of 
gravity over his feet as he or she comes up into a standing 
position from sitting and during the reverse motion. To 
accomplish this the patient moves to the front of the 
chair when standing up and sits close to the front of the 
chair when sitting down. 

Hammer toes are associated with a prominence of 
the heads of the metatarsals. To correct this condition 
the patient needs to stretch both the flexor digitorum 
longus and the extensor digitorum longus muscles and 
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to strengthen the lumbrical and interossei muscles by 
flexing the metatarsophalangeal (MTP) joints. When 
walking, the patient needs to press the toes, particularly 
at the MTP joint, into the floor or into the ground to dis
tribute the pressure between the toes and the metatarsal 
heads rather than allowing the toes to extend and con
centrate the pressure on the metatarsal heads. 

The peroneus tertius muscle everts and weakly 
dorsiflexes the foot. 

lateral leg Muscles Affecting the Foot 
The peroneus longus muscle everts and plantar flexes 
the ankle (Figure 4-30). As discussed previously, this 
muscle pronates the foot and is often short in the indi
vidual with a pronated foot. 

The peroneus brevis muscle everts and plantar 
flexes the foot. 

Biceps femoris 
tendon 

Peroneus longus 
muscle 

Extensor digitorum 
longus muscle 

Peroneus brevis --H 

muscle 

Peroneus tertius ---+ __ 
muscle 

Extensor digitorum 
brevis muscle 

//1)'/---- Insertion of pes 
anserinus 

Tibialis anterior 
muscle 

Gastrocnemius 
muscle 

-Hlf---- Tibia 

IN---- Soleus muscle 

-+---- Upper extensor 
retinaculum 

Lower extensor 
retinaculum 

Tibialis anterior and extensor digitorum longus. The tibialis anterior 
dorsi flexes the ankle and everts the foot at the subtalar joint. The exten
sor digitorum longus dorsi flexes the ankle and extends the toes. (From 
Mathers et al: Clinical anatomy principle~ St Louis, 1996, Mosby'> 

Posterior leg Muscles Affecting the Foot 
The soleus muscle plantar flexes the foot. 

The tibialis posterior muscle plantar flexes and in
verts the foot and supports the longitudinal arch. When 
the foot is pronated, this muscle is stretched and when 
strained can become a source of posterior shin splints. 
In the patient with a rigid foot (Le., a structurally high 
longitudinal arch), this muscle may be weak because the 
bony structure provides passive support and interferes 
with creating enough stress on the muscle to maintain 
its strength. 

Thejlexor digitorum longus muscle plantar flexes 
the foot and flexes the interphalangeal (IP) and MP 
joints of the toes. This muscle along with the flexor dig
itorum brevis, lumbrical, and interossei muscles must 
counteract the extension of the toes at the MP produced 
by the extensor digitorum longus muscle. Optimizing 
performance of the flexor digitorum longus can help re
lieve the stress on the plantar fascia and thus strength
ening exercises should be used when plantar fascitis is 
present. 

Head of fibula --~f-

Gastrocnemius 
muscle 

Peroneus longus 
and brevis muscles 

;.IJI:J--- Quadriceps 
tendon 

1.!If---- Tibialis anterior 
muscle 

-i/-t---- Extensor 
digitorum muscle 

~-+------:::>'" Superior and 

Achilles tendon inferior extensor 

Superior and """"=:---I'-!,,,:,\>,1 

inferior peroneal :.::..:::s.~~~e~ 
retinaculum 

Head of metatarsal 

Peroneus longus and brevis. The peroneal muscles evert the ankle. 
The peroneus longus is a strong plantar flexor of the foot, whereas the 
peroneus brevis is a weak dorsiflexor. (From Mathers et al : Clinical 
anatomy principle~ St Louis, 1996, Mosby'> 
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Theftexor hallucis longus muscle plantar flexes the 
foot, flexes the big toe, and assists with inversion. 
Overuse of this muscle can contribute to posterior shin 
splints. Usually the pain is on the distal one third of the 
medial aspect of the tibia. 

Muscles Attached to the Foot 
The extensor digitorum brevis muscle extends the 
toes (see Figure 4-29). In the patient with hammer toes, 
this muscle is short. An effective way to stretch both 
the longus and brevis muscles is to instruct the patient 
to flex his or her toes when the foot is dorsiflexed and 
then maintain toe flexion while plantar flexing the 
ankle. 

The ftexor digitorum brevis muscle flexes the toes 
and reinforces the plantar fascia (Figure 4-31). This 
muscle is weak and short in the patient with hammer 
toes. It is also weak in the patient with plantar fasciitis. 
To strengthen this muscle and the flexor digitorum 
longus the patient is taught to provide resistance to toe 
flexion with his or her fingers. The patient also needs to 
be instructed to flex the toes when moving from a sitting 
to a standing position, from a standing to a sitting posi
tion, and during the push off phase of walking. 

Muscle and Movement Impairments 
Muscles that function as synergists for motion in one di
rection often have antagonistic actions for motion in an
other direction. For example, the TFL-ITB abducts, 

Flexor digiti -~""'l: 
minimi brevis 
muscle 

Abductor digiti 
minimi muscle 

-f-fH-- Flexor hallucis 
longus muscle 

"lIIIL-lH+-- Abductor hallucis 
muscle 

Flexor digitorum 
brevis muscle 

-,t,,.{-f---- Cut plantar 
aponeurosis 

Flexor digitorum brevis. The flexor digitorum brevis attaches to the 
plantar fascia and flexes the proximal interphalangeal joint of the toes. 
(From Mathers et al : Clinical anatomy principles, 5t Louis, 1996, 
Mosby'> 

flexes, and rotates the hip medially. The PGM muscle 
abducts, extends, and rotates the hip laterally. The TFL 
and PGM are synergists for frontal plane movement (hip 
abduction), but they are antagonists for sagittal and hor
izontal plane movements. If these muscles are balanced, 
hip abduction is performed without deviation in the 
sagittal or horizontal planes. If one of these muscles be
comes dominant, during hip abduction the motion will 
also occur in the sagittal or horizontal plane consistent 
with the action of the dominant muscle. The less domi
nant muscle usually becomes excessively long or weak. 
Table 4-2 lists imbalances in the control of one joint. 

The dominance is evident during muscle testing 
and during the observation of movement patterns. For 
example, during manual muscle testing of the PGM, the 
hip abductor medial rotator muscles are considered 
dominant when the patient flexes and rotates the hip me
dially rather than maintaining the correct position of the 
hip extension and lateral rotation. The PGM muscles 
often test weak or are unable to take resistance when 
the muscle is shortened maximally. During gait, the hip 
will excessively rotate medially at heel strike. These 
findings suggest dominance of hip abductor medial ro
tator muscles over the abductor lateral rotator muscles. 

If the hamstring muscles are dominant during hip 
extension and knee extension, such as when climbing a 
stair, the knee moves back toward the body rather than 
remain relatively fixed as the thigh moves toward the 

aMe 4-2. Imbalances in the Control of One Joint 

DOMINANT LENGTHENED OR WEAKENED 

TFL-ITB; AGM; gluteus minimus assisting PGM 
in hip abduction with the medial 
rotation action becoming dominant 

Hip adductors Hip abductors 

Hamstrings assisting in hip extension 

Hamstrings assisting in knee extension 
when foot is fixed 

Biceps femoris assisting in hip lateral 
rotation 

Semimembranosus and semitendinosus 
assisting in hip extension with the 
medial rotator action becoming 
dominant 

Gluteus maxim us 

Quadriceps 

Piriformis, gemelli, 
obturators, quadratus 
femoris 

Biceps femoris 

TFL; rectus femoris assisting in hip flexion Iliopsoas 

Toe extensors assisting in ankle Tibialis anterior 
dorsiflexion 

Tibialis posterior; flexor digitorum longus; Gastrocnemius, soleus 
flexor hallucis longus; peroneus longus 
assisting in ankle plantar flexion 

AGM, Anterior gluteus medius; PGM, posterior gluteus medius; 
TFL-ITB, tensor fascia lata-iliotibial band. 
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tibia. The knee moves back toward the body because of 
the strong pull of the hamstring muscles, which causes 
hip extension. Because the foot is fixed, the hip exten
sion also helps extend the knee. Weakness and fatigue 
of the quadriceps muscles are contributing factors to 
this change of dominance for knee control. 

If the toe extensors are the dominant dorsiflexors 
of the ankle, when the patient is instructed to dorsiflex 
the ankle, the initial motion will be toe extension and 
the foot will tend to evert rather than to invert or remain 
in neutral. When this pattern is present, the patient often 
has reddened areas on the tops ofthe toes from contact 
with the tops of the shoes and the tops of the shoes have 
exaggerated creases. The patient may also have hammer 
toes. This patient tends to walk using the hip flexor 
strategy gait pattern during the swing phase as described 
in the text that follows. 

Multisegmental movements also show changes in 
dominance patterns. For example, the normal and most 
ideal strategy for the swing phase of gait is one in which 
the primary source of momentum is from the plantar 
flexion moment that occurs during the push-off phase. 
This phase contributes to knee flexion, which stretches 
the rectus femoris, a hip flexor muscle. This stretching 
helps initiate hip flexor muscular activity during the 
swing phase of gait. Usually this type of gait pattern is 
associated with a larger excursion of the center of 
gravity anterior to the stance foot. The contrasting pat
tern is one in which the push off is greatly diminished 
and motion is generated at the hip for the swing phase. 
This gait pattern, which can be termed a hip flexor 
strategy pattern, is seen in the patient with weak plantar 
flexor muscles. 14 Patients with metatarsalgia have a sim
ilar gait pattern. The hip flexor strategy pattern is char
acterized by increased dorsiflexor muscular activity and 
decreased range-of-knee flexion. The line of gravity 
tends to remain closer to the stance foot and somewhat 
posterior compared with the push-off pattern. Patients 
with spastic diplegia, meningeal myelocele, and hemi
plegia frequently use this type of gait pattern. The em
phasis on flexor muscular activity can be a contributing 
factor to weakness of the hip extensors, shortness of the 
hip flexors, weakness of the plantar flexors, meta
tarsalgia, and hammer toes. Correction of these mus
cular and movement impairments requires specific 
exercises that improve the performance of the non
dominant muscle and correction of the impaired move
ment patterns. 

Movement Impairment S~n~romei1 of tbe Hip 
Consistent with the primary premise of this text, which 
is that compensatory joint motion in a specific direction 
is the cause of pain, syndromes of the hip are named for 

the direction of the movement most consistently asso
ciated with pain. As with the shoulder, pain related to 
the hip joint is usually associated with impairments of 
accessory movements. Pain that seems to arise from 
musculotendinous injury is associated with impair
ments of muscle participation and patterns of recruit
ment. As mentioned previously, the femoral syndromes 
are designated as such because the pain in these syn
dromes arises from joint structures. Syndromes of the 
hip are designated as such because the pain in these syn
dromes arises from musculotendinous injury. 

Femoral Anterior Glide Syndrome 
This section applies to the femoral anterior glide syn
drome with and without medial rotation. The most 
common form of femoral anterior glide syndrome is 
with hip medial rotation. This syndrome occurs because 
of inadequate posterior glide of the femoral head during 
hip flexion, The hip flexion is accompanied by hip me
dial rotation. The anterior glide syndrome can also 
occur without the medial rotation component. Kinesio
logic principles indicate that during flexion the femur 
should posteriorly glide, but in this syndrome the pos
terior glide is insufficient. The femoral anterior glide 
syndrome has many characteristics that are similar to 
the humeral anterior glide syndrome, which is a form of 
shoulder impingement. Just as shoulder impingement 
was initially believed to be bicipital tendonitis, this syn
drome is often diagnosed as iliopsoas tendonitis. Al
though the iliopsoas tendon may be a source of symp
toms, the cause of the tendinopathy is the pressure 
exerted by the femoral head against the anterior joint 
structures, which occurs when the postural alignment 
of the hip is hyperextension. This pressure combined 
with the diminished posterior glide of the femur during 
hip flexion causes the femur to impinge on the anterior 
tissues of the joint capsule. 

Symptoms and Pain 
Pain is present in the groin, particularly during hip 
flexion. It progresses to generalized hip pain, which may 
be the result of either joint inflammation from faulty 
movement of the femoral head in the acetabulum or in
flammation of soft tissues surrounding the joint. Iliop
soas tendinopathy may also be present, as indicated by 
tenderness with palpation or pain with contraction. 
(The pain from iliopsoas contraction needs to be dif
ferentiated from the pain caused by impingement of 
capsular tissues at the end of the hip flexion range.) Ac
tive hip flexion should be avoided until inflammation 
subsides. Thus the patient should use his or her hand to 
flex the hip to more than 90 degrees. Stretching is con
traindicated. (Refer to the discussion of iliopsoas 
tendinopathy later in this chapter.) Iliopsoas bursitis 
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needs to be considered, but this condition is difficult to 
diagnose with certainty. Avascular necrosis, stress frac
tures of the lesser trochanter and medial aspect of the 
femur, and osteoarthritis can cause groin pain and 
should be considered. If pain is experienced during 
walking or during weight-bearing activities, the patient 
should be examined for these conditions. Activities that 
emphasize hip extension, such as running long dis
tances and dancing, are often associated with the de
velopment of the femoral anterior glide syndrome. Pos
tural hip extension is the primary contributing factor. 
This syndrome is most common in runners, because the 
exaggerated extension of the hip is part of the move
ment pattern of running. Dancers who excessively 
stretch the hip into extension and perform "splits" are 
also susceptible to this syndrome. 

Movement Impairments 
SUPINE POsmON. During hip flexion in the supine po

sition, the femoral head does not glide posteriorly and 
most often it will rotate medially. When the hip is placed 
in lateral rotation, the lrnee is flexed and the hip is flexed 
passively; pressure exerted by the examiner at the in
guinal crease in a posteroinferior direction prevents 
femoral anterior glide. The result is that the range of 
pain-free hip flexion is greater than when these pres
sures are not applied at the hip joint. Monitoring the axis 
of rotation during hip flexion by following the path of 
the greater trochanter during an active straight-leg raise 
confirms that the greater trochanter is moving in an an
terior medial direction (Figure 4-32). During flexion of 
the normal hip, the greater trochanter maintains a rela
tively constant position. In contrast, during flexion of the 
affected hip the faulty path of the greater trochanter is 
often observed. If pressure is applied at the inguinal 
crease to maintain a constant axis of rotation while 
flexing the hip passively with the lrnee extended (Le., 
passive straight-leg raises), the examiner feels resis
tance similar to a shortness of the hamstring muscles. If 
the pressure is removed the resistance is alleviated, but 
medial rotation or anterior movement of the greater 
trochanter can be palpated. 

PRONE POsmON. Palpating the greater trochanter 
during hip extension in the prone position indicates 
whether its movement occurs anteriorly or medially, or 
whether it is maintaining a relatively constant position 
or is moving slightly posteriorly (Figure 4-33). One pos
sible explanation for anterior movement of the greater 
trochanter is that if the hamstring muscles are the dom
inant hip extensor, only the distal portion of the femur 
moves posteriorly but not the proximal portion. This oc
curs because the proximal attachment of the hamstring 
muscles is the ischial tuberosity of the pelvis, and the 
distal attachments are on the tibia and fibula. Only the 

Impairment of the movement pattern of the greater trochanter 
during hip flexion. Instead of maintaining a relatively constant position 
during hip flexion, the greater trochanter moves in an anterior medial 
direction. A Monitoring the greater trochanter in the starting position. 
B, Correct movement of the greater trochanter during hip flexion. 
C; Impaired movement because of anterior medial displacement of the 
greater trochanter associated with hip rotation during hip flexion. 

short head of the biceps femoris attaches to the femur; 
because of the location of this attachment on the distal 
femur, its major action is lrnee flexion. The insertion of 
the hamstring muscles is to the tibia and fibula. During 
hip extension when the tension is being exerted on the 
tibia and fibula, the excessive flexibility of the anterior 
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joint capsule allows the femoral head to glide anteriorly, 
particularly if the iliopsoas muscle is lengthened. There
fore the axis of rotation of the femur is displaced ante
riorly, causing the proximal femur to move anteriorly 
while the distal femur moves posteriorly (see Figure 
2-8). If the TFL is short, then the stretch on this muscle 
during hip extension can contribute to medial rotation 
of the femur, causing the greater trochanter to move in 
an anteromedial direction. The dominant action of the 
hamstring muscles versus the gluteus maximus muscle 
(a lateral rotator), combined with a shortness of the TFL 
muscle (a medial rotator), allows the femur to rotate me
dially during hip extension. 

QUADRUPED POSITION. In the quadruped position the 
hips are flexed less than 90 degrees. As the patient rocks 
backward toward the heels, the affected hip does not 
flex as easily as the contralateral hip (see Figure 3-37). 
The restriction to hip flexion becomes evident when, in 
a completely flexed position, the pelvis on the affected 
side is higher than the other because of compensatory 

Impairment of the movement pattern of the greater trochanter 
during hip extension. Instead of maintaining a relatively constant posi
tion or moving in a slightly posterior direction during hip extension, the 
greater trochanter moves in an anterior or anterior medial direction. 
A, Starting position. B, Correct movement of the greater trochanter dur
ing hip extension. C Anterior displacement of the greater trochanter 
during hip extension. 

pelvic rotation. The restriction may also become evi
dent when the pelvis moves laterally toward the unaf
fected side. Both impaired movement patterns indicate 
that the affected hip flexes less than the unaffected hip. 
If the affected hip is abducted or rotated laterally be
fore the patient rocks backward, the hip flexion range 
of motion increases during the backward movement 
(see Figure 3-38). As the patient's movement pattern im
proves, the degree of hip flexion increases without ab
ducting or rotating the hip laterally and symptoms de
crease in intensity. 

SITTING rosmON. In the sitting position, active knee 
extension is associated with hip medial rotation. If the 
hip is rotated laterally, the knee extension range is de
creased or there is greater resistance to knee extension 
as evidenced by slower movement into extension. 

Summary 
The anterior joint capsule and its associated soft-tissue 
structures become stretched. The posterior structures 
become taut. In the anterior glide syndrome without me
dial rotation, the lateral rotator muscles become short in 
some cases. In the anterior glide syndrome with medial 
rotation, although the lateral rotators are stretched, they 
become taut as the hip medially rotates. Because the an
terior joint capsule is stretched and the posterior struc
tures are short and stiff, during hip flexion the femoral 
head does not glide posteriorly and the proximal femur 
exerts pressure against the anterior joint capsule. The re
sult is a pinching of the anterior joint capsule structures. 
This impaired movement pattern can also contribute to 
iliopsoas bursitis and iliopsoas tendinopathy. 

Alignment 

STRUCTURAL VARIATIONS 

1. Antetorsion (anteverted) hip 

2. Genu valgus 

ACQUIRED IMPAIRMENTS 

1. Swayback posture 

2. Posterior pelvic tilt 

3. Poor definition of the gluteal musculature 

4. Hip medial rotation 

5. Hip extension 

6. Hyperextended knees 

7. Pronated foot 

Relative Flexibility and Stiffness Impairments 
The anterior glide of the femoral head is more flexible 
than the posterior glide, and the inferior glide is less flex
ible than the superior glide. 
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Muscle and Recruitment Pattern Impairments 
The action of the TFL muscle is more dominant than that 
of the iliopsoas muscle. The TFL tests short on the af
fected side, despite the standing alignment examination 
that shows a flat back, hip extension, and hyperextended 
knees, all of which are consistent with excessive length 
of the iliopsoas muscle. When the hip is abducted during 
the hip flexor length test, the hip will often hyperextend. 
The iliopsoas muscle tests weak, and the TFL tests 
strong. 

The action of the TFL muscle is more dominant 
than that of the PGM muscle. When the patient is in a 
single-leg stance, the hip rotates medially. During the 
PGM muscle test the hip rotates medially, which indi
cates that the TFL is dominant over the PGM. 

The action of the hamstring muscles is more dom
inant than that of the gluteus maximus muscle. When the 
patient is in the prone position and performs hip exten
sion, the hamstring muscle contraction is evident earlier 
than the gluteus maximus muscle contraction. The con
tour of the gluteus maximus muscle does not change 
until the hip is almost completely extended. 

The action of the medial hamstring muscles is 
more dominant than that of the lateral hamstring mus
cles. When the patient is in a sitting position and per
forms knee extension, the hip rotates medially. When 
the hip is slightly rotated laterally, the knee extension 
range of motion is limited or is performed more slowly, 
which is indicative of resistance from the lateral ham
string muscles. 

Impairments of muscle length and strength may 
also be observed. The iliopsoas muscle tests long and 
weak. Because the fibers of the iliopsoas muscle attach 
to the anterior joint capsule, contraction of this muscle 
is believed to keep the capsule from being pinched.4 

Therefore poor performance of the iliopsoas muscle can 
contribute to increased susceptibility of the capsule to 
impingement. The TFL muscle tests short, and the glu
teus maximus or piriformis muscles test short and weak. 
The posterior hip joint structures are stiff or short or 
both, as indicated by resistance to hip flexion. The ham
string muscles also test short, particularly the medial 
hamstring muscles. The anterior hip joint structures are 
stretched, as indicated by excessive hip extension range 
of motion. 

Confirming Tests 
Active hip flexion causes pinching in the groin. When the 
hip flexor muscles remain completely relaxed, there is 
increased hip flexion range of motion without symp
toms. The hip is rotated laterally, and the axis of rota
tion is maintained by posteroinferior pressure along the 
inguinal crease, preventing the anterior movement of the 
proximal femur. There is a faulty axis of rotation during 

hip flexion, as indicated by a monitoring of the greater 
trochanter, and during hip extension, as indicated by 
monitoring of the greater trochanter. Repeated back
ward rocking in the quadruped position causes the range 
into hip flexion to increase. 

Summary 
An alteration of the path of the instant center of rotation 
(PICR) of the hip joint during hip flexion and often 
during extension typifies femoral anterior glide syn
drome. The altered PICR during hip flexion, as indicated 
by a monitoring of the greater trochanter, is consistent 
with insufficient posterior glide and inappropriate me
dial rotation of the femoral head when there should be 
posterior and inferior glide and no rotation. Although the 
posterior structures of the hip are stiff, the hip medial 
rotation range of motion may be greater than the lateral 
rotation range of motion. A contributing factor is the 
failure of the hip flexor-lateral rotator muscles to coun
teract the hip flexor-medial rotator muscles. 

Prolonged standing in hip extension can lead to hy
perextension which causes excessive flexibility of the 
anterior hip joint structures. This flexibility, along with 
stiffness of both the hip extensor muscles and hip joint 
structures, creates a path of least resistance into ante
rior glide. 

Intervention 
PRIMARy OBJECITVES. The primary objectives of an in

tervention program include the following: 
1. Improve the posterior glide of the femur to correct 

impaired hip flexion motion 
2. Reverse the altered hip flexor dominance by short

ening the iliopsoas muscle so that the hip medial 
rotation produced by the TFL during hip flexion is 
appropriately counterbalanced 

3. Correct the hip hyperextension and medial rota
tion if present 
CORRECITVE EXERCISE PROGRAM 

Quadruped position. Rocking backward while in 
the quadruped position is the most important exercise 
and should be performed first. When performed cor
rectly this exercise will stretch the hip extensor muscles 
and promote posterior and inferior gliding of the femoral 
head. The patient may need to push back with the hands 
if his or her groin is pinched from the contraction of the 
hip flexor muscles. 

Supine position. Passive hip flexion is performed 
by the patient in the supine position to help restore the 
precise axis of rotation. If the thigh cannot be reached 
comfortably with the hands, the patient can use a towel 
behind the thigh to pull the knee toward the chest. It may 
be necessary to slightly rotate laterally and abduct the 
hip. The hip flexor muscles must remain relaxed. 
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Prone position. Knee flexion should be performed 
in the prone position, and the patient should prevent 
pelvic anterior tilt or rotation and hip joint abduction or 
rotation. Hip lateral rotation should be performed with 
the knee flexed to 90 degrees. This motion will stretch 
the ITE. Hip medial rotation performed with the knee 
flexed to 90 degrees will improve the extensibility of the 
hip lateral rotator muscles. Hip extension with the knee 
extended should not be performed unless the patient 
has a pillow under his or her abdomen to place the hip 
into flexion. This motion should be initiated while 
contracting the gluteus maximus muscle. To avoid 
stretching the anterior hip joint capsule, the hip should 
not extend past neutral. Hip extension with knee flexion 
must be performed in the same way to avoid stretching 
the anterior joint capsule. 

Side-lying posi tion. Hip abduction should be per
formed in the side-lying position with slight lateral rota
tion and extension of the hip to aid the recruitment of 
the PGM instead of the TFL muscle. 

Sitting position. To increase the extensibility of 
the medial hamstring muscles, knee extension should be 
performed in the sitting position while maintaining the 
hip in a few degrees of lateral rotation. The patient 
should passively flex the hip by using his or her hands 
to lift the thigh to maximum flexion and then remove the 
hands from the thigh and actively hold the thigh in 
flexion. In this position the iliopsoas muscle is the only 
hip flexor that can hold the hip in this degree of flexion. 
If the patient can hold the hip in the end range of hip 
flexion and does not have pain, he or she can apply iso
metric resistance by pushing with his or her hand against 
the thigh. 

Standing position. While standing on one leg the 
patient contracts the gluteal muscles to prevent hip me
dial rotation. The patient then bends forward using only 
hip flexion and then returns to a standing position by 
concentrating on contracting the gluteal muscles to pro
duce hip extension, maintaining the contraction until he 
or she is upright. 

CORRECTING POSTURAL HABIT PATTERNS. The patient 
performs a sit-to-stand movement without allowing the 
hips to rotate medially. The patient is instructed not to 
sit with his or her leg crossed or his or her thigh over the 
other thigh (i.e., hip flexion, medial rotation, adduction). 
If the patient must cross his or her leg, then he or she can 
sit with the lateral aspect ofthe leg on the opposite thigh 
(Le., hip lateral rotation). The patient should not sleep 
with the hip rotated medially. It is important to correct 
the swayback standing alignment by instructing the pa
tient to stand with his or her back to the wall, which can 
serve as a guide to the correct orientation for vertical 
alignment. The patient can also stand sideways to a 
mirror, and the therapist can teach correct alignment by 
instructing the patient to pull his or her hips backward. 

Because new alignments feel unnatural, the patient 
needs to monitor alignment by using a mirror. The pa
tient should be encouraged to contract the gluteus max
imus muscle actively at heel strike when walking. Con
traction will increase the participation of the gluteal 
muscles and decrease the dominance of the hamstring 
muscles. 

Case Presentation 1 
History. A 34-year-old female marathon runner is re

ferred to physical therapy for evaluation and treatment. 
She has been running an average of 50 to 60 miles per 
week but is now unable to run because of hip pain. Both 
a computerized axial tomographic (CAT) scan and a 
bone scan of her hip joint detect no abnormalities, and 
she has received a cortisone injection in her right hip 
without relief of pain. 

Symptoms. This patient has been experiencing 
pain in her right groin for 3 months, which has pro
gressed to generalized pain deep in her hip joint. She 
had first noticed the pinching in the groin when in a 
squatting position. 

Alignment Analysis. The patient stands with a slight 
degree of swayback with the hips extended, secondary 
to a posterior pelvic tilt and hyperextension of her 
knees. There is poor gluteal muscle definition, but hy
pertrophy of the musculature of her thighs is noted 
(Figure 4-34). Her right hip is slightly medially rotated, 
which is most obvious when viewing the patient from 
the back using the popliteal space and hamstring muscle 
insertions as reference points (Figure 4-35). 

Movement Analysis 
Standing. When in a standing position the patient 

achieves forward bending, primarily with lumbar 
flexion; also, there is limited hip flexion. While main
taining a relatively straight trunk, the return from for
ward bending is performed by swaying her hips and legs 
forward rather than by extending her hips. 

Single-leg stance. Medial rotation of her hip and a 
slight lateral trunk flexion are noted when the patient 
stands on her right leg. 

Supine. Active hip flexion in a supine position elicits 
pinching in the groin at 100 degrees of flexion. When her 
hip is flexed passively with slight lateral rotation and ab
duction, the flexion range reaches 120 degrees before 
symptoms are elicited. 

Straight-leg raise. When the straight-leg raise move
ment is performed actively, the greater trochanter 
moves anteriorly and medially. When this movement is 
performed passively with pressure at the inguinal crease 
and the femur is placed in slight lateral rotation, the 
greater trochanter maintains a constant position. How
ever, the examiner feels resistance to hip flexion that 
was not evident before the pressure was applied at the 
inguinal crease. 
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C HAPTER FoUR 

Side view of patient with femoral anterior glide syndrome with medial 
rotation before and after treatment. The patient stands in hip extension 
because of slight posterior tilt and hyperextended knees before treat
ment (fefV. Postural alignment is corrected after treatment v-ighV. 

The following additional tests are performed in 
three different positions: (1) prone, (2) quadruped, and 
(3) sitting. 

Prone. Contraction of the hamstring muscles pre
cedes contraction ofthe gluteus maximus muscle when 
hip extension is performed in a prone position with the 
knee extended. The hip motion is almost complete be
fore there is a visible change in the definition of the glu
teus maximus muscle. 

Quadruped. In the quadruped position the patient as
sumes an alignment ofless than 90 degrees of hip flexion 
and the lumbar spine is in a flexed position. When 
rocking backward, the patient's lumbar spine flexes 
more easily than her hips, thus the lumbar spine flexes 
more than the hips. 

Sitting. There is hip medial rotation and visible con
traction of the TFL muscle during right knee extension. 
Associated hip rotation is not observed during left knee 
extension,. 

Muscle Length and Strength Analysis. The right TFL 
muscle is short, and 15 degrees of hip abduction is re
quired before the hip extends completely. The length of 
the left TFL muscle is normal. The right PG M tests weak, 
grading 4-/5, and the left PGM tests 4+/5. During the 

Posterior view of patient with femoral anterior glide syndrome with 
medial rotation. The medial rotation of her right femur can be observed 
by noting the position of the insertion of the hamstring tendons. Note 
poor definition of gluteal muscles before treatment (left). After treat
ment, the definition of the gluteal musculature is increased. 

testing of the right PGM, the hip flexes and rotates me
dially. The right and left gluteus maximus muscles test 
4/5 and 4+/5, respectively. The right and left iliopsoas 
muscles test 4-/5 and 4+/5, respectively. 

Diagnosis. Femoral anterior glide syndrome with 
medial rotation is the diagnosis. 

Intervention. In the quadruped position the patient 
rocks backward, taking care to flex at the hips while re
stricting motion in the lumbar spine. 

While in a supine position the patient is instructed 
to bring the knee passively to the chest with the hip 
slightly rotated laterally and abducted. She is asked to 
stop the movement at the onset of any pinching in the 
groin. 

While in a side-lying position the patient performs 
hip abduction and lateral rotation with the knee slightly 
flexed. 

While in a prone position, the patient is instructed 
to flex the knee. With the knee flexed to 90 degrees, the 
patient laterally rotates the hip. She places a pillow 
under the abdomen, fully flexes the knee, and then ex
tends and slightly rotates the hip laterally by contracting 
the gluteus maximus muscle but limits the extension mo
tion to neutral position of the hip. 
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While in a sitting position the patient performs knee 
extension while maintaining her hip in slight lateral ro
tation. She is instructed to avoid recruiting the TFL 
muscle. She is also asked to sit with her back against the 
back of a chair to support her upper body, which elimi
nates the requirement of active hip flexion and helps 
avoid TFL recruitment. The patient is asked to flex her 
hip passively to the end of the range, using both hands. 
She is instructed to stop the motion if she experiences 
any pinching. She holds her hip at the end of range with 
her hip flexor muscles and releases the hand support of 
her thigh. 

While standing on the right leg only, the patient is 
asked to tighten her right gluteal muscles to prevent hip 
medial rotation. When standing on both feet she prac
tices forward bending by flexing at the knees and hips, 
with the emphasis on hip flexion without lumbar flexion. 
She learns to return to a standing position by performing 
hip extension using the gluteal muscles. 

When walking, the patient tightens the right gluteus 
maximus muscle at heel strike. 

Outcome. The patient is examined six times over a 
21/2-month period. She initially performs six repetitions 
of each exercise twice a day but progresses to twenty 
repetitions by the end of 2 months. She is also asked to 
make a conscious effort to stand correctly and, when 
walking, to contract her gluteus maximus muscles at 
heel strike. She has also stopped the weight training ex
ercises she had been performing for her quadriceps and 
hamstring muscles. Within 1 week she is able to rock 
backward and sit on her heels without hip pain. At the 
end of 2 weeks she is able to flex her hip to 125 degrees 
while in the supine position. As long as she passively per
forms the hip flexion within a range of 90 and 125 de
grees using her hands, the patient does not experience 
pain. The strength of her right PGM muscle increases to 
a rating of 4/5. She is able to maintain correct alignment 
when standing and is able to avoid posterior pelvic tilt. 
When attempting to contract her iliopsoas muscle iso
metrically while in the sitting position with her hip max
imally flexed, however, she experiences pain in her 
groin. 

By the end of 1 month, she begins a program of easy 
jogging and walking for short distances. She is in
structed to "push-off' with her ankle plantar flexor mus
cles and to keep her body weight slightly forward when 
jogging. At the end of 2 months she does not experience 
any pain during hip flexion in any position (e.g., when 
she performs the quadruped or supine exercises or when 
she squats or sits with her hip in maximum flexion). She 
is able to maintain an isometric contraction of the iliop
soas muscle without pain and is able to tolerate slight 
resistance. Both her right and left PGM muscles test 
normal (5/5). In the prone position she initiates hip ex-

tension with her gluteus maximus muscle and the 
greater trochanter is observed to rotate laterally. There 
is an obvious increase in the size and contour of her but
tock muscles. She is able to jog for 5 miles at one time 
on alternate days. These changes have occurred even 
though the patient has not performed any resistive ex
ercises with weights. 

At the time of her last session, 21/2 months after her 
initial visit, the patient is jogging 6 miles one day and 3 
miles the next and has completed a lO-mile run without 
symptoms. She is instructed to maintain her exercise 
program as a post running routine, and she is asked to 
perform at least ten repetitions of each exercise. 

After 1 year the patient indicates that she has suc
cessfully completed one marathon and is averaging 50 
miles a week without hip problems. 

Case Presentation 2 
History. A 70-year-old woman is referred to physical 

therapy for severe right hip and leg pain that has become 
particularly troublesome when she walks or sits for any 
length of time. This hip and leg pain started 1 year ear
lier after a replacement of the femoral head but not the 
acetabulum. She has undergone intensive physical 
therapy, both as an inpatient and outpatient. The patient 
is 40 pounds heavier than her ideal weight and has dia
betes with peripheral neuropathy. She uses one cane and 
has a pronounced antalgic gait. 

Symptoms. The patient experiences pain when she 
lowers herself into the sitting position, when she actively 
flexes her hip, and when she slides her hip and knee into 
extension while lying in bed. The pain is located princi
pally in her anterior groin, but it radiates into her medial 
thigh and down the posterior aspect of her leg. The goals 
of her previous physical therapy exercise program were 
to strengthen her hip flexor and abductor muscles and 
to have her walk without support. 

Alignment Analysis. The patient has a thoracic 
kyphosis, a large abdomen, and stands with her pelvis 
aligned in anterior tilt with an increased curvature of the 
lower lumbar spine. 

Movement Analysis 
Standing-to-sitting. Posterior thigh and lateral leg 

pain decreases when the patient sits with back support. 
During the standing-to-sitting movement as pressure is 
exerted by the seat of the chair against her proximal 
thigh, pain is elicited in the anterior groin. 

Sitting. When she extends her knee, her hip rotates 
medially and the patient experiences anterior thigh and 
groin pain. Palpation during knee extension, reveals a 
contraction of the TFL muscle. If the patient keeps her 
hip slightly rotated laterally, exerts minimal muscular ef
fort, and does not lift her thigh at the same time, the pain 
is not reproduced when she extends her knee. 
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Supine. The patient is the most comfortable when 
her hips and lrnees are flexed and passively supported 
with pillows under the distal aspect of her thighs and be
hind her lrnees. During passive hip flexion, anterior de
viation of the axis of rotation of the hip is noted. Active 
hip flexion, which is associated with hip medial rotation, 
elicits pain in the groin and along the posterior thigh and 
lateral aspect of the leg. 

Muscle Length and Strength Analysis. The hip flexors 
are short and pull her into an anterior tilt, which is ex
aggerated because of her extremely weak abdominal 
muscles. The hamstring muscles are short, and muscle 
strength testing is not performed because of the severity 
of her pain and the obvious wealrness of her abdominal 
and hip abductor muscles. 

Summary. The patient's posterior thigh and leg pain 
originates from her spine. She has very weak abdominal 
muscles and is unable to contract these muscles iso
metrically. She has been performing many active hip 
flexion exercises without instruction to protect her 
spine from the anterior shear and compression forces 
associated with iliopsoas muscle contractions. Also, her 
abdominal muscles are too weak to counteract the an
terior pelvic tilt that is produced by the contraction of 
the rectus femoris and TFL muscles. 

The dominant hip flexor is her TFL muscle, which 
causes the medial rotation of the femur during hip 
flexion and during single-leg stance. The posterior soft 
tissues are stiff, and her hamstring muscles are short. 
Her groin pain is caused by an impingement of the femur 
on the anterior acetabulum. The surgeon reports that he 
replaced the head of the femur but not the acetabulum 
and now believes the impingement between these two 
structures is the source of her pain. 

Her posterior thigh and leg pain during hip exten
sion in the supine position is the result of increased 
lumbar extension, whereas the pain in the anterior thigh 
is caused by the stretch of her short hip flexor muscles. 
When pillows are placed under her upper back to ac
commodate the thoracic kyphosis and under her lrnees 
to flex her hips and lrnees and to flatten her lumbar spine, 
the patient is free of pain. However, she has to keep her 
hip flexor muscles relaxed to remain symptom free. 

Diagnosis. The diagnosis is femoral anterior glide 
(anterior groin pain) and lumbar extension (posterior 
thigh pain) syndrome (see Chapter 3). 

Intervention. From the hook-lying position the pa
tient is instructed to hold her right lrnee toward her chest 
with her hands, to contract her abdominal muscles, and 
then to slide her left lower extremity into extension. She 
is instructed to stop the motion whenever she feels any 
increase in symptoms. To return to hip and lrnee flexion 
she is instructed to place pressure on her heel, bend her 
knee, and slide her foot up toward her hip in order to 

CHAPTER FOUR 

emphasize hamstring contraction and lessen hip flexor 
muscle contraction. 

While in a sitting position the patient performs lrnee 
extension while maintaining a slight lateral rotation of 
the hip. 

The patient is instructed to practice a sitting-to
standing motion with minimal assistance from her hands 
and to make an effort to contract her gluteal muscles as 
she stands up. She is encouraged to use her hands to sit 
down to minimize pressure against her thigh and to re
duce her pain. 

The patient is instructed to use two canes when 
walking, which eliminates her antalgic gait and side 
flexion. She is also taught to contract her gluteal mus
cles at heel strike and is encouraged to maintain the con
traction of her abdominal muscles. Her pain is minimal 
when she walks as instructed. 

Outcome. The patient is examined once a week for 
4 weeks and then every other week for an additional 6 
weeks. She shows steady improvement and can sit 
without experiencing pain in the anterior groin or pos
terior thigh regions. She is able to lie supine with both 
hips and lrnees extended and to actively flex her hip to 
90 degrees without pain. She has progressed from using 
two canes to using one for minimal support. The patient 
is able to reach her left foot to apply cream, a major 
achievement. Although her hip flexion range is limited 
to 100 degrees of flexion, her surgeon has approved ef
forts to further increase the range of hip flexion. As a re
sult, she eventually is able to reach her left foot through 
hip flexion, abduction, and lateral rotation. 

Femoral Anterior Glide Syndrome 
With Lateral Rotation 
Femoral anterior glide syndrome with lateral rotation is 
similar to the anterior glide syndrome with medial rota
tion, but it does not occur as frequently. A primary con
tributing factor is prolonged sitting with the leg crossed 
by placing the ankle on the opposite thigh, which is a po
sition of maximum lateral hip rotation. This syndrome 
occurs more often in men than in women. Potentially, 
this syndrome may be more common than suggested by 
the clinical experience of the author of this text, because 
the symptoms of adductor strain are similar to those 
found with this syndrome. Activities such as ice-skating 
and ice hockey in which hip abduction and lateral rota
tion are the repeated motions can predispose partici
pants to this syndrome with lateral rotation. 

In the neutral position the head of the femur points 
slightly anteriorly. Therefore when the hip is stretched 
into lateral rotation, the head exerts pressure into the 
anterior joint capsule. In addition, the anterior joint cap
sule and its associated soft-tissue structures become 
stretched and the posterior structures, including the lat-
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eral rotator muscles, become short. If, during hip flexion, 
the anterior joint capsule is stretched and the posterior 
structures are short and stiff, the proximal femur will 
exert pressure against the anterior joint capsule and the 
posterior glide of the femoral head will become insuffi
cient, particularly when the hip is rotated laterally. The 
result is a pinching of the structures of the anterior joint 
capsule. In this syndrome the pressure of the femoral 
head against the joint capsule may also occur when the 
hip rotates laterally and extends because these motions 
involve anterior glide, which stretches the capsule. 

Symptoms and Pain 
When the hip extends and rotates laterally, pain in the 
groin is usually worse in the weight-bearing position 
than it is in the recumbent position, although pain may 
also occur when the hip is flexed and rotated laterally. 
Pain is usually more medial in its location with this 
syndrome than it is with the femoral anterior glide 
syndrome with medial rotation. Minimal pain is pres
ent with hip flexion. Iliopsoas tendinopathy or bur
sitis and adductor tendinopathy are also symptoms of 
this syndrome. 

Movement Impairments 
Tests are performed in the following four positions: 
(1) standing, (2) supine, (3) prone, and (4) quadruped. 
While in a single-leg stance the hip rotates laterally. 
When the patient assumes a supine position the hip ro
tates laterally during hip flexion. From the prone posi
tion the hip rotates laterally and the greater trochanter 
moves posteriorly during hip extension. In the prone po
sition, when the knee is passively flexed, the femur ro
tates laterally. In the quadruped position the patient as
sumes an alignment ofless than 90 degrees of hip flexion. 

Alignment 

STRUCTURAL VARIATIONS 

1. Femoral antetorsion. If the patient forces the hip into lateral 
rotation, the femoral head will exert pressure against the anterior 
aspect of the hip joint. 

2. Tibial torsion. If the foot is rotated laterally, it can contribute to 
repeated lateral rotation of the hip during walking or to lateral rota
tion of the lower extremity when lying supine. 

3. Rigid foot. Because the ankle does not dorsiflex easily, hip lateral 
rotation may be a compensatory motion that allows the patient to 
come over his or her foot during the stance phase of gait. 

ACQUIRED IMPAIRMENTS 

1. Posterior pelvic tilt 

2. Hip joint extension 

3. Knee hyperextension 

4. Hip lateral rotation 

Relative Flexibility and Stiffness Impairments 
The accessory hip motion of anterior glide is more flex
ible than the accessory motion of posterior glide. This 
becomes evident to the examiner when passively flexing 
the patient's hip, and resistance is felt as the hip is flexed 
more than 90 degrees. In the quadruped position, as the 
patient rocks backward, the affected hip does not flex 
as much as the other hip. Hip motion into lateral rota
tion is more flexible than it is into medial rotation, as ev
idenced by the maintained position of lateral rotation 
and resistance to medial rotation. There is usually 
greater range of motion into lateral rotation than there 
is into medial rotation. 

Muscle and Recruitment Pattern Impairments 
The therapist may observe impairment of recruitment 
patterns. For example, the hip lateral rotator muscles 
are recruited more readily than the medial rotator mus
cles, and the hamstring muscles are dominant over the 
gluteus maximus muscles. 

Impairments of muscle length and strength may 
also be observed. The hip lateral rotator muscles, as well 
as the hip extensors, the gluteus maximus, the ham
strings, and the piriformis muscles, may be short. The 
gluteus maximus, abductor medial rotator, and iliopsoas 
muscles are weak. 

Confirming Tests 
The pain present with hip extension and lateral rotation 
is decreased when the hip is rotated medially during hip 
extension. When hip extension is performed in the prone 
position, there may be excessive lateral rotation of the 
femur and the greater trochanter may appear to move 
posteriorly and laterally. When the knee is passively 
flexed in the prone position, the femur laterally rotates. 

Summary 
In the patient with femoral anterior glide syndrome with 
lateral rotation, the PIeR of the hip joint deviates from 
the ideal pattern during hip extension. When the greater 
trochanter is monitored during extension, there is some 
posterolateral displacement and excessive lateral rota
tion. The muscular force couple of hip extensor medial 
rotators-semimembranous and semitendinous-are 
not counterbalancing the dominance ofthe hip extensor 
lateral rotators, biceps femoris, gluteus maximus, and 
piriformis muscles. 

Intervention 
PRIMARy OBJECTIVES. The primary purposes of an in

tervention program are to improve the posterior glide of 
the femoral head, decrease the dominance of the hip ex
tensor lateral rotator muscles, and improve the partici
pation of the hip medial rotator muscles. 
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CORRECTIVE EXERCISE PROGRAM 

Supine posi tion. While in the hook-lying position 
(Le., hip and knee are flexed), the patient is instructed 
to adduct and rotate the hip medially and then reverse 
the movement into hip abduction and lateral rotation 
while limiting the excursion in a lateral direction. In 
some patients the movement into abduction and lateral 
rotation is not included in the exercise. 

Prone posi tion. While in the prone position, the 
patient is instructed to rotate the hip medially with the 
knee flexed to 90 degrees. The patient should avoid ro
tating the hip laterally, stopping at neutral. 

Side-lying posi tion. While in the side-lying posi
tion, the patient abducts the hip, maintaining a slight me
dial rotation and flexion of the hip. 

Quadruped position. From the quadruped posi
tion, the patient rocks backward with an emphasis 
placed on limiting the motion to hip flexion and avoiding 
hip lateral rotation or abduction. 

Si tting posi tion. In the sitting position, the patient 
uses his or her hands to lift the thigh, so that the hip is 
in maximum flexion and then releases the hold on the 
thigh and uses the iliopsoas muscle to keep the hip 
flexed. Resistance can be applied to the thigh with the 
hand to improve the strength of the iliopsoas. 

Standing position. While standing, the patient is 
instructed to limit forward bending to hip flexion with 
the knees flexed. The return movement from forward 
bending is performed with particular emphasis on using 
gluteal muscles without emphasizing a lateral rotation 
of the hip. 

CORRECTING POSTURAL HABIT PATIERNS. While in the sit
ting position the patient is instructed to lean forward by 
flexing at the hips. He or she tries to limit how much 
flexion occurs in the spine. The patient is asked to avoid 
sitting with the legs crossed in a position wherethe lat
eral aspect of the leg is resting on the opposite thigh (i.e. , 
hip lateral rotation, flexion, and abduction). 

Case Presentation 
History. A 46-year-old man reports right anterior hip 

pain that began when jogging. The pain is now evident 
when he walks. At the onset of his hip pain, which began 
approximately 4 months before his first visit to physical 
therapy, the patient was running 70 miles per week, both 
in the morning and evening. He has lost over 100 pounds 
since beginning his running program, but has been un
able to run for 6 weeks before his first appointment. A 
consultation with an orthopedic specialist produced a 
magnetic resonance image (MRI) of his hip that showed 
no significant findings. Therefore no specific diagnosis 
has been made. The patient is an executive who spends 
most of his workday sitting at a desk. His only physical 
activity is jogging. 

C HAPTER F OUR 

Symptoms. The patient has pain in the anteromedial 
aspect of his groin, which he reproduces by laterally ro
tating and extending his hip. The pain is more intense 
when he is in a weight-bearing position. He rates his 
baseline pain at 3 to 4 on a scale of 10, but the pain in
creases to a rating of 7 to 8 when jogging. 

Alignment Analysis. The patient is less than 10% over 
his ideal body weight. He has a flat back and stands in 
posterior tilt and hip extension. His hips are rotated lat
erally and medial rotation is very limited. There is a slight 
degree of genu valgus. Lateral rotation provokes pain in 
his right hip, but not in his left. 

Movement Analysis 
Standing. When asked to bend forward, lumbar 

flexion occurs more readily than hip flexion. Maximum 
hip flexion is 70 degrees. When his gait is observed, it is 
noted that his hips excessively rotate laterally from mid
stance to push-off. 

Prone. Knee flexion while in the prone position pro
duces a slight rotation of the hip laterally. During hip ex
tension there is lateral rotation of the proximal femur. 

Quadruped. In the quadruped test position, his hips 
are held in 70 degrees of flexion. When he rocks back
ward his lumbar spine flexes, but his hip joints do not. 
When his hips are rotated laterally, the range into hip 
flexion without lumbar flexion increases. 

Muscle Length and Strength Analysis. There is resis
tance to hip flexion at 90 degrees of hip flexion. This re
sistance to hip flexion increases when the hip is rotated 
medially, and it decreases when the hip is rotated lat
erally. The lateral rotational range of motion of the hip 
when performed in the prone position measures 50 de
grees on the right side and 40 degrees on the left. During 
right hip lateral rotation, there is a wide arc of move
ment of the greater trochanter. His right hip does not 
rotate medially, and the medial rotational range of the 
left hip is 15 degrees. The strength of his hip abductor 
muscles is rated 5/5; the strength of his gluteus max
imus muscles is rated 4-/5 on the right side and 415 on 
the left; the strength of his iliopsoas muscles is rated 4/5 
on the right side and 5/5 on the left. 

Diagnosis. The patient's alignment and movement 
tests are clearly consistent with femoral anterior glide 
syndrome with lateral rotation. 

Intervention. The primary goals of intervention are 
to improve hip flexion and medial rotational range ofmo
tion and to decrease the resistance to posterior glide of 
the femoral head. Another goal is to improve the per
formance of the hip flexor and medial rotator muscles, 
such as the anterior gluteus medius and the gluteus min
imus muscles. 

While in the quadruped position, the patient is in
structed to rock backward with an emphasis on hip 
flexion, avoiding lumbar flexion and hip lateral rotation. 
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In the supine position the patient is instructed to 
perform hip and knee flexion using his hands to pull his 
knee toward his chest, keeping the femur in neutral. With 
his hip and knee flexed, he performs hip adduction!me
dial rotation to stretch the hip abductor and lateral ro
tator muscles. While performing the reverse direction of 
this movement, he is instructed to limit hip abduction! 
lateral rotation to only 20 degrees beyond neutral. 

From a side-lying position the patient performs hip 
abduction to 25 degrees with the hip slightly flexed and 
rotated medially. 

While in a prone position the patient performs hip 
medial rotation with the hip extended and knee flexed 
to 90 degrees. 

In a sitting position and with his pelvis vertical 
he is instructed to use his hands to lift his thigh pas
sively into maximal hip flexion. He is then asked to 
release the hold his hands have on his thigh and use 
his iliopsoas muscle to maintain the hip flexion. When 
he is able to maintain the hip flexion, he applies re
sistance by pushing with his hand against his thigh 
into hip extension. 

From a standing position he performs forward 
bending by limiting the motion to hip and knee flexion 
and returns to an upright position by actively contracting 
his gluteal muscles. 

He is advised not to allow his feet to turn out more 
than a few degrees when walking. 

Correcting Postural Habits. The patient is instructed 
not to sit with his legs crossed with the foot on the op
posite thigh. 

Outcome. The patient was examined five times over 
6 weeks. By the third week he is jogging for 20 minutes 
every other day. By the beginning of the sixth week he 
is jogging for 40 minutes, 6 times a week, without symp
toms. All symptoms are alleviated and no impairments 
are found, except his hip medial rotation remains lim
ited. The patient is instructed to perform quadruped 
rocking after jogging and to limit his jogging frequency 
to one run on the first day followed by two runs on the 
next day, repeating this sequence throughout the week. 

Hip Adduction Syndrome 
Hip adduction syndrome can occur with or without ex
cessive medial rotation. The only difference between the 
two conditions is the presence of excessive medial ro
tation in combination with excessive hip adduction. 
Only hip adduction with medial rotation, which is the 
most common of the two conditions, is discussed in this 
text. 

In hip adduction with medial rotation, the PGM and 
lateral rotator muscles are long as the result of either a 
weakness or an increased length from the serial addi
tion of SarComeres. When there is excessive hip adduc-

tion, all hip abductor muscles are weak or lengthened. 
Hip adduction with medial rotation occurs more often 
in women than in men. Contributing factors to the de
velopment of this syndrome are a structurally wide 
pelvis and sleeping on the side, which allows the hip to 
adduct and rotate medially. The hip abductor muscles, 
posterolateral capsule, and lateral rotator muscles are 
all stretched. If the patient is a runner or participates in 
activities that involve hip medial rotation and increase 
the use of the hip flexor or medial rotator muscles, such 
as cycling, the imbalance between the flexor-medial ro
tator muscles and the extensor-lateral rotator muscles 
can be further exaggerated. 

This syndrome is also associated with the piri
formis syndrome. Freiberg,5 who first described the pir
iformis syndrome, attributes the hip adduction syn
drome to a shortened muscle. Kendall,1I in contrast, 
attributes this syndrome to a stretched or lengthened 
muscle. If the patient's alignment while standing is hip 
medial rotation, adduction, and anterior pelvic tilt, the 
piriformis must be in a lengthened position. In this con
dition the patient may have sciatica from an entrapment 
of the nerve by the piriformis muscle. Hip adduction syn
drome with medial rotation is also associated with ITB 
fascitis. 

Symptoms and Pain 
Pain in the areas of the gluteus medius muscle, which is 
superior and lateral to the greater trochanter, is found 
in this syndrome when the hip abductors are strained. 
Deep hip pain, trochanteric bursitis, and sciatica are also 
common. Pain along the lateral aspect of the thigh (e.g., 
ITB) that is characterized as an ache or burning sensa
tion is often described when there is ITB fascitis. Some 
patients report the pain as a numbness; however, sen
sation is not impaired. The lateral thigh pain often wakes 
the patient at night or in early morning. The pain is 
greatest in the morning, diminishes after walking, but re
turns with fatigue. 

Inflammation and fascial shortness may involve 
peroneal muscle fascia and entrap the peroneal nerve at 
the head of fibula, which produces symptoms along the 
peroneal nerve distribution. The examiner must assess 
whether the patient has a spinal source of radiation, be
cause these symptoms are similar to an IA,5 radicu
lopathy. A spinal problem can initiate the syndrome, but 
inflammation of the ITB is a separate dysfunction that 
must also be addressed. 

Key findings include tenderness to palpation along 
the ITB and nodules. Pain is usually reproduced by 
stretching the ITB or with adduction of the hip in a side
lying position. Occasionally, the symptoms can be pro
duced by the exercise of hip abduction-lateral rotation 
in flexion, but the symptoms should diminish and the 
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range of motion should increase with repetitions of the 
exercises. The TFL-ITB should test weak when ITB 
fascitis is present. 

Movement Impairments 
STANDING POSITION. While in a single-leg stance of the 

affected limb, there is hip adduction, hip medial rota
tion, or lateral trunk flexion over the stance leg. 

WALKING. If there is weakness of the entire gluteus 
medius muscle there may be a gluteus medius limp. If the 
weakness is more severe, there may be lateral trunk 
flexion during the stance phase of the affected limb (i.e., 
antalgic gait). Because men have broader shoulders and 
narrower hips, the antalgic gait in men may not be as no
ticeable as it is in women. In patients with strong hip ad
ductors, quadriceps, and hamstrings, there may not be a 
gluteus medius limp even if the hip abductors test weak. 

Alignment 

The structural variations found in patients with hip adduction syn
drome include a broad pelvis and genu valgus. Acquired postural 
impairments include (1) apparent leg-length discrepancy caused by 
the adduction posture of the affected hip, causing the iliac crest to be 
in a higher position than the opposite iliac crest by more than 
liz inch, (2) hip medial rotation, and (3) a pronated foot. 

Flexibility and Stiffness Impairments 
Hip abductor lateral rotator muscles are more exten
sible than the hip abductor medial rotator muscles. The 
hip abductors of the affected side are more extensible 
than the hip abductors of the contralateral hip. 

Muscle and Recruitment Pattern Impairments 
Hip adductor muscles are more dominant than the hip 
abductor muscles. The sartorius may be used to abduct 
the hip when performing hip abduction in the side-lying 
position. In the side-lying position the patient may feel 
the muscular contraction along the distal medial aspect 
of the thigh when attempting to perform hip abduction. 
If medial rotation is an obvious component of the align
ment and gait pattern, the TFL muscle may be recruited 
as the dominant hip abductor. The TFL-ITB may be par
ticipating in (1) stabilizing the knee in extension (par
ticularly when the knee is hyperextended) and (2) hip 
abduction and flexion. 

When assessing muscle length and strength, the 
PGM is long and/or weak in patients with this syndrome. 
The TFL muscle is short. Both the PGM and the TFL may 
test weak if they have become strained from overuse. 
The hip adductor muscles may be short, and the gluteus 
maximus and lateral rotator muscles are weak. The 
quadriceps muscles may also test weak, often in associ
ation with ITB fascitis. 
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Confirming Tests 
Manual muscle testing (MMT) confirmed the presence 
of hip abductor muscle weakness and the patient had a 
positive Trendelenburg test and a gluteus medius limp. 
During single-leg stance the hip rotates medially. The hip 
lateral rotator muscles test weak. There is tenderness to 
palpation along the ITB, shortness or weakness of TFL
ITB, and pain when stretching the TFL-ITB. With en
trapment of the sciatic nerve by the lengthened piri
formis muscle, there is pain from the distal one third of 
the buttocks along the posterior thigh that usually stops 
at the knee but can extend farther distally. 

Summary 
The primary impairment in this syndrome is excessive 
hip adduction, which is the result of insufficient per
formance of the hip abductor muscles. In the patient 
with associated hip medial rotation the PGM and in
trinsic hip lateral rotator muscles are lengthened or 
weak. In the patient with excessive hip adduction, there 
is insufficient activity in all of the hip abductor muscles. 
In the early stages of this syndrome the primary symp
toms are pain in the strained gluteus medius muscle and 
either hip medial rotation or a slight hip drop during 
walking. In the severe stages of this syndrome the glu
teus medius limp is obvious or the patient has an an
talgic gait. If the patient has sciatic nerve entrapment 
from the piriformis, pain in the posterior thigh is pre
sent. The patient with sciatic entrapment usually has 
pain with palpation over the area of the piriformis 
muscle. 

Intervention 
PRIMARy OBJECTIVES. The primary objective of the in

tervention program is to improve the performance of the 
hip abductor and lateral rotator muscles, which may re
quire alleviating strain, improving strength, or changing 
the length of the muscles. Because the abductor mus
cles are often long and weak, a systematic progression 
of exercises is necessary. 

CORRECTIVE EXERCISE PROGRAM 

Walking. When the hip abductor muscles are weak 
enough to cause an antalgic gait, the patient is instructed 
to use a cane to reduce the stress on the abductor mus
cles. The duration of walking should be limited. 

Prone position. The initial exercises should be in 
the prone position so the patient does not lift the weight 
of the leg. The patient should perform hip abduction in 
this position because the hip extensor-abductor muscles 
are recruited more readily than the flexor abductor mus
cles. Another exercise is bilaterally contracting the glu
teus maximus isometrically. Another exercise is per
formed when the hips are abducted slightly and rotated 
laterally with the knees flexed so that the medial sides 



DIAGNOSIS AND TREATMENT OF MOVEMENT IMPAIRMENT SYNDROMES 

of both feet are in contact with each other. In this posi
tion the patient perfonns isometric hip lateral rotation 
by pushing the feet together. 

Side-lying position. While in a side-lying position, 
the hip lateral rotation/abduction exercise is perfonned. 
The selection of the degree of difficulty of the exercise 
is based on the therapist's examination. The therapist 
must be sure that the patient is evaluated for antetorsion 
of the femur to ensure that the instruction in this exer
cise does not require excessive hip lateral rotation. 

CORRECTING POSTURAL HABIT AND MOVEMENT PATTERNS. 

While standing, the patient must keep his or her weight 
equally distributed on both feet and should not stand in 
hip adduction on the affected extremity. The patient 
should avoid crossing his or her leg when sitting, and 
the duration of sitting should be limited. The patient 
should stand at least every 30 minutes and tighten the 
gluteal muscles. When moving from a sitting to a 
standing position and when moving in the reverse di
rection, the patient must not allow the knees to come 
together because this decreases the use of the hip ab
ductor muscles and encourages the use of the hip me
dial rotator muscles. In the side-lying position the pa
tient should use a pillow between the knees and not 
allow the affected extremity to be flexed, adducted, or 
rotated medially. 

The treatment of ITB fascitis requires decreased 
use of the TFL-ITB, and increased use of the synergist 
muscles, such as the gluteus medius iliopsoas and the 
rectus femoris, is recommended. A progressive program 
of active exercises is necessary to improve the perfor
mance of the PGM and quadriceps muscles and the TFL
ITB. Taping along the band and ice applications are 
useful treatments for reducing the symptoms. 

Supine position. If the TFL muscle is weak or 
strained, the patient should perfonn (1) hip abduction 
by sliding the lower extremity while maintaining the hip 
in slight medial rotation and (2) active hip and knee 
flexion exercises. 

Side-lying position. In the side-lying position the 
patient should perfonn hip abductor exercises with the 
degree of difficulty appropriate for the degree of muscle 
weakness. 

Prone position. In the prone position the patient 
should perfonn knee flexion while preventing pelvic tilt 
or rotation to stretch the rectus femoris and/or the TFL
ITB. The hip lateral rotation exercise can be used to 
stretch the ITB and improve the control by the lateral 
rotator muscles. 

Sitting position. While in a sitting position the pa
tient should perfonn knee extension while preventing 
hip medial rotation and flexion. The chair should have a 
backrest so that the patient does not use the hip flexors 
to maintain a sitting position. 

Sitting-to-standing. The patient should practice 
going from the sitting to the standing position while 
avoiding hip adduction/medial rotation. He or she 
should be making a conscious effort to contract the 
gluteal muscles while coming to the standing position. 

Single-leg stance. The patient should practice 
standing on one leg and making a conscious effort to 
contract the gluteal muscles to prevent medial rotation 
and adduction of the hip. 

Walking. When walking, it may be necessary for the 
patient to use a cane to rest the ITB. The gluteal muscles 
should be contracted at the heel-strike phase of walking 
and then relaxed as the stance phase is completed. 

Case Presentation 1 
History. A 34-year-old woman has developed pain in 

the posterolateral aspect of her right buttock where the 
PGM muscle inserts. She is a social worker who spends 
most of her day sitting while counseling clients. The pa
tient began a power-walking program approximately 6 
months before the onset of her pain, walking 45 minutes 
every day. Approximately 1 month before experiencing 
the pain, she began a weight-training program. The pa
tient is slightly overweight and has a small upper body 
with rather broad hips; she stands 5 feet 2 inches tall. 
The patient has taken dance lessons for many years, 
starting at age 6 and continuing through high school. She 
has a habit of standing on her right leg and allowing her 
right hip to adduct and rotate medially. 

Symptoms. The patient rates her pain at 5 to 6 on a 
scale of 10 after walking three blocks. The pain dimin
ishes after sitting for 1 hour. She is not able to sleep on 
her right side and is uncomfortable when lying on her 
left. 

Alignment Analysis 
Standing position. When assuming a standing position 

the patient exhibits a slight posterior tilt and her upper 
back is swayed. Her right iliac crest is 1/2 inch higher than 
her left. After standing for a few minutes she shifts her 
weight to the right lower extremity and allows her hip 
to adduct. 

Side-lying position. In a resting side-lying position the 
patient's right hip assumes a position of pronounced hip 
adduction/medial rotation. 

Movement Analysis 
Standing position. When standing only on the right 

leg, the hip rotates medially and the trunk flexes to the 
right. When the patient stands only on the left leg, there 
is slight hip medial rotation but no hip drop or side 
flexion of the trunk. When the patient bends forward 
while in a standing position, her hips easily flex to 85 
degrees. 

Supine position. While in a supine position the pa
tient's hip tends to adduct and rotate medially during ac-
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tive hip and knee flexion. The straight-leg raise test with 
the right extremity is performed with medial rotation, 
and the straight-leg test with the left is performed in neu
tral rotation. 

Side-lying position. In a side-lying position, the patient 
performs right hip abduction with medial rotation and 
flexion. When she adducts to the starting position her 
right hip rotates medially, but her left hip does not. 

Prone position. When the patient extends the right hip 
while lying in a prone position, the right hamstring mus
cles contract and the hip extends before an obvious 
change in the contour ofthe gluteus maximus. When ex
tending the left hip while lying in a prone position, the 
hamstrings and gluteus maximus muscles change their 
contour simultaneously. 

Quadruped position. When rocking backward while 
in the quadruped position, the pelvis drops toward the 
right, which indicates that the right hip flexes more 
easily than the left. This occurs because the right hip lat
eral rotators are weak and less stiff than the left hip lat
eral rotators. 

Sitting position. While assuming a sitting position and 
extending the right knee, the hip rotates medially. 

Sitting-to-standing position. While standing from a sit
ting position the patient's hips rotate medially and 
adduct, moving her knees toward one another. 

Contributing Postural Habitual Patterns. The patient 
sits with her right thigh crossed over her left thigh. She 
sleeps most often on her left side with the right hip 
flexed, adducted, and rotated medially. During her 
power walking she emphasizes lateral motion of her 
pelvis, which causes hip adduction/medial rotation, sim
ilar to a race-walking style. Her weight-training program 
includes both resisted knee extension and hip abduction 
in the sitting position. 

Muscle Length and Strength Analysis. The hip flexor 
length test indicates that her right TFL is short, and the 
hip medially rotates during the test. The abdominal mus
cles rate 3/5, and the PGM muscle rates 3+/5 with weak
ness throughout the range and with pain in the muscle. 
The left PGM muscle grades 4/5, and there is a tender
ness with palpation in the right PGM muscle. The right 
and left gluteus maximus muscles grade 4-/5 and 4+/5, 
respectively; the right and left iliopsoas muscles grade 
4/5 and 4+/5, respectively; the right and left hip lateral 
rotator muscles grade 4 - /5 and 5/5, respectively, and the 
medial rotator muscles grade 5/5. 

Diagnosis. The patient's alignment and movement 
tests are clearly consistent with hip adduction with me
dial rotation with strain of the PGM muscle. 

Intervention. The primary emphasis of this patient's 
corrective exercise program is to avoid stretching the 
PGM muscle, improve its performance, and decrease the 
dominance of the TFL muscle. 
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While in a side-lying position, the patient performs 
hip abduction with the hip and knee partially flexed 
(level I) to improve the performance of the PGM muscle. 

From a prone position the patient performs hip ab
duction while maintaining a slightly lateral rotation of 
her hip. When performing hip extension in this position, 
an emphasis is placed on contracting the gluteus max
imus muscle and rotating the hip laterally. She is in
structed to flex her knee, and while maintaining her knee 
in 90 degrees of flexion, she rotates her hip laterally to 
stretch the TFL muscle. She also performs isometric hip 
lateral rotation by pushing one foot against the other 
with her knees flexed and her hips abducted and later
ally rotated. 

In a standing position the patient improves the per
formance of the hip lateral rotators by standing on her 
right foot and contracting her right gluteal muscles to 
prevent medial rotation of the hip. 

Correcting Postural Habits. Many of this patient's ac
tivities are contributing to her problem. They include sit
ting with her right leg crossed over her left; sleeping on 
her left side with her right hip flexed, adducted, and ro
tated medially; standing with her hip adducted; and per
forming weight training exercises that consisted of knee 
extension during which she medially rotated her hip and 
abducted her hip with it in flexion. She is instructed to 
stop crossing her leg and to use a footstool. It is recom
mended that she (1) place her right lower extremity on 
a body pillow while sleeping on her side; (2) stand with 
her weight equally distributed on both feet; (3) replace 
the racing style of walking which emphasizes hip ad
duction and medial rotation by contracting the buttocks 
of her right hip during the stance phase of walking while 
keeping her knee pointed straight ahead; (4) keep her 
knees apart when moving from a sitting to a standing po
sition and during the reverse motion; and (5) omit the 
resistive hip abduction and knee extension exercises. 

Outcome. The patient has complied with her exer
cise program and has corrected her postural habits 
within 1 week. Her pain has decreased to a rating of 2 to 
3 on a scale of 10 during walking distances of 1 mile, and 
she does not have pain at rest. Within 4 weeks and 4 visits 
she is pain free, and the strength of her PGM muscle has 
improved to 4+/5. She can stand on one leg without hip 
medial rotation, and she can move from a sitting to a 
standing position without pain and can keep her knees 
pointed anteriorly. She can walk for 3 miles without 
symptoms. 

Case Presentation 2 
History. A 28-year-old female operating room nurse 

is referred for physical therapy. Approximately 5 
months earlier, she had fallen on her buttocks, primarily 
on the right side. 
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Symptoms and Pain. The patient has pain when 
walking and a pronounced tenderness to palpation in 
the posterolateral area of her right buttock. One week 
after her fall, she begins to experience pain down the 
back of her thigh. The pain makes it increasingly diffi
cult for her to sit. She is now most comfortable when 
lying on her left side holding her right lower extremity 
slightly flexed and adducted. The pain that had been in 
her posterior thigh has now extended to her ankle. CAT 
and MRI studies are negative for spinal injuries. Be
cause of the increasing severity of the pain, the patient 
is experiencing great difficulty walking and sitting and 
is spending most of her time lying on her left side. 
Codeine has been prescribed. She rates her pain be
tween 8 and 10 with maximum rating being 10. 

Alignment Analysis. The patient stands and walks 
with her right foot plantar flexed and her weight on her 
toes. Her knee is flexed and her hip is rotated medially 
and adducted. Because she cannot stand with both feet 
flat on the ground, assessment of hip height is difficult; 
however, her right iliac crest seemed notably higher 
than her left. 

Movement Analysis 
Standing. At the time of her initial examination the 

patient is barely able to walk because of the severity of 
the pain down the posterior aspect of her right thigh and 
leg. She is not using hand supports and limits her 
walking to distances of less than 100 feet. 

Supine. The patient is most comfortable when her 
hip and knee are flexed to 45 degrees and passively sup
ported on pillows. She also experiences pain when she 
rolls onto her side or changes positions. The length of 
her hip flexor muscles cannot be tested. 

Side-lying. The sciatica is increased if her hip is al
lowed to rotate and adduct medially. When she performs 
active knee extension in the side-lying position, the 
greater trochanter is observed to rotate medially and, at 
this time, she experiences sciatica. When the femur is 
manually stabilized by holding the greater trochanter to 
prevent hip medial rotation, she is able to extend her 
knee without symptoms. 

Sitting. When assuming a sitting position the pain is 
present, particularly with pressure on her right buttock. 

Muscle Length and Strength Analysis. The severity of 
the patient's symptoms and the obvious range-of-motion 
limitation prohibits standard testing. The following re
sults are based on modified testing in the supine and 
side-lying positions. 

The TFL-ITB, rectus femoris, and iliopsoas muscles 
are extremely short. The patient has anterior hip pain 
when these muscles are stretched by hip extension. The 
hamstring muscles are short (-35 degrees of complete 
knee extension), and the hip abductor muscles test 3/5. 
When the femur is held manually in a neutral position 

and not permitted to rotate, abduct, or adduct, the pa
tient is able to move from a side-lying to a sitting posi
tion and remain in the sitting position without symp
toms. When she stands while the hip is stabilized, there 
are no symptoms. However, she cannot extend her lower 
extremity because of the short length of the hip flexor 
muscles. 

Summary. The patient's sciatica is clearly elicited by 
hip adduction/medial rotation, which is consistent with 
a piriformis syndrome. The symptoms begin below the 
gluteal fold and follow the path of the sciatic nerve, 
which is more consistent with sciatic nerve entrapment 
than with a spinal source of her symptoms that are usu
ally located higher in the buttock. Her hip abductor and 
lateral rotator muscles are so weak that she cannot avoid 
this position. Maintaining the hip in the faulty position 
caused the hip flexors and hamstring muscles to become 
short. The TFL muscle is especially short because it pro
vides abduction control when walking but is used in a 
very short position. The anterior hip pain is the result of 
stretching her short hip flexor muscles. 

Diagnosis. The diagnosis is hip adduction with me
dial rotation. An associated diagnosis is lengthened pir
iformis syndrome with sciatica. 

Intervention. The patient lives 200 miles from the 
clinic and has been driven to therapy by her husband, 
who is interested in helping with her program. To help 
maintain lateral rotation, her hip is taped with the tape 
running from her buttocks on a diagonal line toward her 
thigh, following the lines of the gluteus maximus but ex
tending onto the anterior thigh. The tape is applied when 
she is in the side-lying position, maintaining the femur 
in slight lateral rotation. 

Starting from a hook-lying position the patient 
holds a sheet under her right thigh with her hands and 
uses the sheet to perform actively assisted hip and knee 
flexion. To return to the starting position, she allows her 
arms to extend while continuing to support the weight 
of the lower extremity with the sheet and lowering her 
right leg to the table. She maintains the contraction of 
the abdominal muscles allowing the lower extremity to 
extend, and she stops the extension motion when she 
experiences discomfort. She also performs hip abduc
tionllateral rotation from flexion while controlling the 
lower limb, again by holding a sheet under her thigh with 
her hands. 

From a side-lying position and with a pillow be
tween her knees, the patient rotates her right hip later
ally. She is instructed to progress to hip abduction as tol
erated, with pain and weakness acting as the limiting 
factors. With her hip flexed to 45 degrees, her husband 
helps stabilize her femur at the greater trochanter to pre
vent medial rotation of the hip while she extends her 
knee. 
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When the patient is able to sit symmetrically with 
equal weight-bearing on each hip, she extends her knee 
by sliding her foot along the floor, making certain that 
she does not lift or flex her thigh. 

The patient performs a sitting-to-standing exercise 
by minimizing the use of her hands and contracting the 
gluteal and quadriceps muscles while moving from a sit
ting position in a chair to a standing posture. The patient 
uses crutches when walking and is instructed in a three
point gait. 

Outcome. The patient returns 2 weeks after her ini
tial visit and reports that the pain has diminished (now 
fluctuating between 5 and 8). Her alignment and 
walking are notably improved. She is still using crutches 
when walking and cannot place her full weight on her 
right lower limb. Although she can place her foot on the 
floor and straighten her lower limb, she is still in ante
rior pelvic tilt. She is able to sit for 15 to 20 minutes at 
a time. When in a supine position she can lie on her back 
and extend her right lower extremity to within 20 de
grees of complete extension, and she does not need a 
sheet under her thigh to control her extremity. The pa
tient has her own tape and has been retaping her thigh. 
She still has some sciatica when her hip adducts and ro
tates medially. 

The patient's program progresses to lying prone, 
which she can tolerate by placing a pillow under her ab
domen. In this position she flexes her knee and rotates 
her hip laterally with her knee flexed. The purpose of 
this exercise is to stretch the ITB. She also performs hip 
abduction by sliding her lower extremity out to the side. 
In this position the extensor-abductor muscles are more 
active than the flexor-abductor muscles. Improving the 
performance of the hip extensor abductors is a primary 
goal of the program. In the side-lying position, with a 
pillow supporting her right lower extremity, the patient 
abducts her hip with her hip flexed 10 degrees and her 
knee flexed 30 degrees. The motion is performed with 
slight lateral rotation of the hip. 

The patient returns again in 3 weeks and is free of 
pain except when walking for distances longer than 1/4 
mile or when standing or sitting for prolonged periods 
of time without changing positions. She stopped taping 
her hip after her last visit and is no longer taking medi
cation. She can perform all activities requiring basic mo
bility without pain. Her right PGM muscle is still weak 
(4 -/5), but all muscles are normal length. She plans re
turning to work on a part-time basis in 2 weeks. 

Case Presentation 3 
History. An 82-year-old woman is referred to phys

ical therapy for evaluation and intervention. The patient 
lives out of state and is admitted for diagnostic studies 
of right lateral thigh pain. During the past year the pa-

C HAPTER F OUR 

tient had been experiencing increasing pain down her 
right lower limb. She had been quite active, driving to 
volunteer activities in a nursing home, but the pain has 
become increasing intense, and she has not been able to 
walk any distances. The patient comments that over the 
past year she has been re-hemming her skirts because 
they were hanging crooked. Two orthopedic surgeons in 
her home city have diagnosed her condition as spinal 
stenosis and have recommended surgery. Her family, 
who resides in St. Louis, is seeking another opinion from 
local physicians. Radiologic studies indicate that her 
spinal stenosis is affecting the left side of the spine, but 
not the right. 

Symptoms. The patient has pain along the lateral 
side of her right thigh that extends into the lateral as
pect of her leg. The pain is severe when she stands and 
walks, and it diminishes when she sits or lies in a re
cumbent position. She is most comfortable when her 
right lower extremity is rotated medially and is flexed 
at the hip and knee. There is tenderness with palpation 
along the lateral aspect of her thigh. Radiologic studies 
indicate she has cervical disk disease with evidence of 
cord compression. 

Alignment Analysis. The patient is very slender with 
cervical lordosis and thoracic kyphosis. She stands with 
a slight posterior pelvic tilt and with a posterior sway of 
her thorax. Her right iliac crest is 1 inch higher than her 
left. The right hip is rotated medially, as well as adducted, 
causing her knee to be in valgus alignment. There is poor 
definition of her gluteal muscles. 

Movement Analysis. The following tests are per
formed with the patient (1) standing, (2) lying supine, 
(3) in a prone position, (4) sitting, (5) moving from a sit
ting position to a standing posture, and (6) walking. 

Standing. The patient experiences pain along the lat
eral thigh when she stands with her weight on the right 
lower extremity. Forward bending with only hip flexion 
does not change her symptoms. When standing on her 
right leg, her trunk laterally flexes to the right and her 
right hip medially rotates and adducts. When standing 
on her left leg, her left hip slightly adducts. 

Supine. When in a supine position the patient expe
riences pain along her right lateral thigh with slight 
movement into hip abductionllateral rotation from 
flexion. The pain diminishes and her range of motion in
creases with each repetition; she does not experience 
pain along her left thigh when performing the same 
movement of hip abductionllateral rotation. The range 
of motion into hip abductionllateral rotation is three 
times greater on the left side than on the right. She is 
able to lie supine without symptoms if she places a 
pillow under the thoracic spine (for kyphosis) and a 
pillow under her right knee to keep her right hip flexed 
and rotated medially. 
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Prone. Flexion of the right knee causes anterior 
pelvic tilt, pelvic clockwise rotation, and hip abduction. 
Flexion of the left knee causes slight anterior pelvic tilt. 
Pillows are placed under the patient's chest and ab
domen to prevent any cervical extension. 

Sitting. The patient experiences slight pain along her 
right lateral thigh when she sits without support. With 
back support this pain diminishes. Extension of the right 
knee is accompanied by medial hip rotation, whereas ex
tension of the left knee is not. 

Sit-to-stand movement. The patient stands 5 feet 3 
inches; therefore her hips are higher than her knees 
when she sits, which makes it easier to come to a 
standing position than if her knees were higher than her 
hips. However, she must use her hands to push up from 
a chair. Both lower extremities adduct and rotate medi
ally, causing one knee to touch the other. When one knee 
braces against the other during a sit-to-stand movement, 
demands on the hip abductor muscles are reduced. 

Gait. During the right stance phase of walking, the 
patient experiences pain along her right lateral thigh. 
Observable gait impairments are right hip adduction/me
dial rotation, in addition to lateral trunk flexion. Using a 
cane in her left hand and walking with a three-point gait 
reduce her pain and her limp. 

Muscle Length and Strength Analysis. When muscle 
length and strength are examined, the patient's right 
hamstring muscles are short with knee extension of - 25 
degrees on her right side to - 15 degrees on her left. Right 
hip lateral rotation is limited to 10 degrees at which point 
she experiences pain along the lateral thigh. Lateral ro
tation of her left hip approaches 25 degrees. Her right 
TFL-ITB is notably short, and her left TFL-ITB is slightly 
short. The strength of her lower abdominal muscles is 
less than 115; the strength of her right and left TFL-ITB 
muscles is 3+/5 and 4/5, respectively. The strength of 
her right and left hip abductor muscle is 3/5 and 4/5, re
spectively. The patient has limited ability to perform iso
metric gluteus maximus contraction, bilaterally. 

Summary. The pain with palpation along the lateral 
thigh is characteristic ofITB fascitis. The decrease in her 
symptoms with repeated motion as demonstrated with 
the hip abductionllateral rotation from flexion move
ment is also symptomatic of fascitis. The weakness of 
the TFL-ITB is consistent with muscle strain from 
overuse. The symptoms that occur during right stance 
phase of walking and when sitting without back support 
could be exaggerated by the extended alignment of the 
lumbar spine in these positions. Medial hip rotation and 
adduction during weight-bearing activities, medial rota
tion of the hip during knee extension while in the sitting 
position, and the obvious weakness of the hip abductor 
and knee extensor muscles are findings consistent with 
an overuse of the TFL-ITB. The TFL muscle may have 

become strained because it provides most of the support 
for hip abduction and assists in stabilizing the knee when 
in extension. Driving her car, which requires hip flexion 
and medial rotation and knee extension, may have con
tributed to the strain of her TFL-ITB. 

Diagnosis. The diagnosis is hip adduction/medial ro
tation syndrome with ITB fascitis. 

Intervention. Because the ITB is believed to be 
strained, reducing the stress on the band will enable it 
to heal, an important part of the intervention. Improving 
the performance of the muscle synergists ofthe ITB and 
a careful progressive strengthening program for the 
TFL-ITB are two important additional components of 
the treatment program. Limiting her walking has been 
facilitated because she is hospitalized. When she begins 
walking she will use a cane in the contralateral hand. Ice 
packs are applied along the ITB twice a day. 

From the hook-lying position, the patient performs 
unilateral hip and knee extension and flexion by sliding 
her foot along the bed while contracting her abdominal 
muscles. She is instructed to keep her hip slightly ro
tated laterally and to start the repetitions in slight ab
duction and then adduct the hip during subsequent rep
etitions. From the supine position with the hip and knee 
flexed, she performs hip abductionllateral rotation, 
using her hands and abdominal muscles to keep her 
pelvis from rotating. She is instructed to stop this mo
tion at the onset of pain. 

While in the side-lying position, the patient is in
structed to place a pillow between her knees and per
form hip lateral rotation. 

While in a prone position, the patient places pillows 
under her thorax and abdomen to avoid neck and lumbar 
extension. When performing knee flexion, she is in
structed to prevent motion of the pelvis. She is taught to 
perform hip lateral rotation with the knee flexed to 90 
degrees. She also performs hip abduction by sliding the 
lower extremity along the bed while avoiding pelvic tilt 
and lumbar extension. 

From a sitting position the patient extends her knee 
while using a back support, avoiding medial hip rotation 
or flexion. She is instructed to concentrate on maximal 
recruitment of musculature on the anterior thigh. 

When moving from a sitting to a standing posture, 
the patient slides to the end of the chair by pushing with 
her hands. She is instructed to (1) minimize the 
assistance provided by her hands, (2) contract her but
tock muscles to keep her knees pointed straight ahead, 
(3) contract her quadriceps muscles, (4) keep her trunk 
erect, and (5) avoid leaning forward while coming to a 
standing position. 

Outcome. The patient remains in the hospital for 3 
weeks and then stays with her family for an additional 
week before returning to her home. During the first 
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3-week period her symptoms improved progressively as 
her muscle and movement impairments decreased. By 
the end of 2 weeks she is able to perform the sitting and 
spine exercises without symptoms or compensatory mo
tions. She can lie in a supine position with both hips and 
knees extended, as long as she places a pillow under her 
thoracic spine and head. She still has a slight rotation 
and tilt of the pelvis during knee flexion while in the 
prone position. She can walk for 200 feet without symp
toms when using a cane. She experiences right lateral 
thigh pain when climbing stairs or when standing on her 
right foot without hand support. Right medial rotation 
and adduction of the hip are still evident when the pa
tient stands without support. 

When she is discharged from the hospital, the pa
tient walks without a cane and remains pain free, dis
playing minimal gait impairments for 150 feet. She can 
walk for unlimited distances with her cane. She experi
ences minimal pain when climbing stairs if she uses the 
hand rail while stepping up with her right foot. All exer
cises are performed correctly and without symptoms. 
When the patient stands on one leg and uses hand sup
port for balance, she has difficulty preventing hip ad
duction/medial rotation. 

At the time of her last outpatient visit before her 
return home, the patient no longer uses a cane. She 
can climb one flight of stairs and move from a sitting 
to a standing position without using her hands and 
without hip adduction or medial rotation. The differ
ence in her iliac crest levels is only 1/4 inch. She char
acterizes the time with her family as typical as it re
lates to her routines and activities, except she is not 
driving her car. 

Approximately 3 months after she has returned to 
her home, the patient reports that she is doing fine and 
is re-hemming her skirts because her hips are now level. 

Hip Extension With Knee Extension Syndrome 
Hip extension with knee extension syndrome is char
acterized by the insufficient participation of the gluteus 
maximus during hip extension or the quadriceps mus
cles during knee extension. Typical of this syndrome is 
contraction of the hamstring muscles, when the foot is 
fixed, to assist the quadriceps muscles with knee ex
tension. When this pattern of hamstring participation 
becomes dominant, the result can be strain ofthe ham
string muscles from overuse because of the demands 
for exerting tension at the hip and knee. Another pos
sibility for hamstring strain is the insufficient partici
pation of the gluteus maximus muscle to generate the 
tension necessary for hip extension. A third example 
of strain, specifically strain of the biceps femoris 
muscle, occurs when the biceps femoris muscle is 
insufficiently assisted by the intrinsic hip lateral 

rotators-the gemelli, obturators, piriformis, and 
quadratus femoris muscles-in producing lateral hip 
rotation (see Chapter 2). 

Symptoms and Pain 
Complaints can include pain at the insertion of the ham
string muscle on the ischial tuberosity; pain along the 
hamstring muscular belly; and pain with resistance to 
contraction with hip extension, knee flexion, or both. Se
vere strain can be present without muscle tearing as ev
ident in discoloration or marked swelling. If strain is pre
sent, pain is a common symptom when the patient walks 
or sits with pressure on the ischial tuberosity. 

Movement Impairments 
STANDING rosmON. When stepping up a step or rising 

out of a chair, the knee appears to be moving back to
ward the body rather than the body moving toward the 
knee that stays in a relatively fixed position. When re
turning from a forward bending position, the primary 
motions are the hips swaying forward and the ankles 
moving into dorsiflexion. The return to a standing posi
tion is accomplished by using upper body momentum 
and ankle dorsiflexion more than tension generated by 
hip extensor muscles. When the patient is standing on 
the affected leg, the hip medially rotates and often the 
knee hyperextends. 

PRONE rosmON. During active hip extension the mo
tion of the femur is almost complete before there is an 
obvious change in the contour of the gluteus maximus 
muscle. 

SrITING rosmON. When the patient is in a sitting po
sition and performs active knee extension, there is si
multaneous hip extension. 

Summary 
In the hip extension syndromes, strong contraction of 
the hamstring muscles increases symptoms, whereas 
the increased use of the synergists of the hamstring mus
cles decreases symptoms. The following common im
pairments are found in the patient with hip extension 
with knee extension syndrome. 

Alignment 

No particular structural variations 

ACQUIRED IMPAIRMENTS 

1. Swayback posture 

2. Postural hip extension 

3. Medial hip rotation 

4. Knee hyperextension 

5. Ankle plantarflexion in standing position 
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Flexibility and Stiffness Impairments 
Hip flexion is often stiff because the hamstring muscle 
is usually hypertrophied, and the medial hamstring mus
cles are more stiff than the lateral hamstring muscles. 
The ankle plantar flexor muscles are also stiff. 

Muscle and Recruitment Pattern Impairments 
Hamstring activity is more dominant than the activity of 
the gluteus maximus muscle during hip extension. Ham
string activity is more dominant than what is optimal 
when performing knee extension with the foot fixed. 
During hip lateral rotation, hamstring activity is more 
dominant than the activity of the intrinsic hip lateral ro
tator muscles. 

Muscle Length and Strength Impairments 
The hamstring muscles are often short, and the gluteus 
maximus and lateral rotator muscles are weak. There 
may be possible weakness of the quadriceps muscles. 

Confirming Tests 
There is tenderness to palpation of the hamstring 
muscle belly and when pressure is applied to the ischial 
tuberosity. Resisted contraction to hip extension or 
knee flexion elicits pain. The result of the Slump test to 
assess nerve tension sensitivity is negative. 

Summary 
Hamstring strain occurs as a result of overuse, which is 
caused by the insufficient participation of the three syn
ergistic groups of the hamstring muscle actions-glu
teus maximus, intrinsic hip lateral rotator, and quadri
ceps muscles. Manual muscle testing of these synergists, 
as well as observation of movement patterns, is used to 
support the hypothesis of altered recruitment patterns. 

Intervention 
PRIMARY OBJECTIVES. The primary objective of an in

tervention program is to improve the strength and par
ticipation of the deficient synergistic muscles, thereby 
avoiding hamstring muscular strain by chronic overuse. 
After improving the performance of these deficient syn
ergistic muscles and after restoring the appropriate 
movement patterns, exercises designed to strengthen 
the hamstring muscles can be instituted. Immediate em
phasis on hamstring strengthening will contribute to the 
dominant participation of the hamstring muscles. 

CORRECTIVE EXERCISE PROGRAM 

Quadruped exercises. Rocking backward im
proves the flexibility of the gluteus maximus and piri
formis muscles if either is short or stiff. 

Supine exercises. Unilateral hip and knee flexion 
improves hip flexion flexibility. The straight-leg raise im
proves hamstring length. During hip flexion the con
tralateral hamstring muscles should not be contracted, 

thus the patient should be instructed to keep the ex
tremity relaxed. 

Prone exercises. With a pillow placed under the ab
domen to ensure that the hips remain slightly flexed, the 
knee is flexed and allowed to remain passively flexed as 
far as possible to minimize hamstring activity. Then the 
patient performs hip extension. Emphasis should be 
placed on initiating the motion with the gluteus maximus 
muscle, which usually requires performing slight lateral 
rotation along with hip extension. Isometric lateral hip 
rotation is performed with the knees flexed and the hips 
abducted and rotated laterally (i.e., one foot pushing 
against the other). 

Side-lying exercises. Hip abduction is performed 
with slight lateral rotation of the hip, if the PGM is weak. 

Sitting exercises. Knee extension is performed 
without extending or medially rotating the hip, and then 
ankle dorsiflexion is performed. This exercise stretches 
the hamstring muscles and dorsiflexes the ankle at the 
end of the knee extension motion, which stretches the 
gastrocnemius-soleus muscle. The sit-to-stand motion is 
practiced with the body leaning forward over the legs. 
Strengthening the iliopsoas muscle is indicated when, 
during standing, the swayback posture with the associ
ated alignment of hip joint extension is evident. 

Standing exercise. While standing on one leg, em
phasis is on gluteal muscle contraction and minimal 
hamstring contraction. Contracting the gluteal muscles 
can also prevent medial hip rotation if this motion oc
curs during single-leg stance. An emphasis is placed on 
contracting the gluteus maximus muscle to assist hip ex
tension during the return motion from forward bending. 
Step-up movements are performed with an emphasis on 
bringing the thigh to the knee rather than allowing the 
knee to move back toward the body and contracting the 
quadriceps muscles maximally. 

CORRECTING POSTURAL HABITS AND MOVEMENT PA'ITERNS. 

Correct posture is neutral position of the hip and knee 
and avoids hip extension and knee hyperextension. 
When in the sitting position, "unconscious" contraction 
of the hamstring muscles must be avoided. When 
walking, the gluteus maximus muscle should contract at 
heel strike. When returning from forward bending, the 
gluteus maximus muscles are used and the forward hip 
swaying motion is avoided. 

Case Presentation 
History. A 60-year-old woman has developed pain in 

the area of her gluteal fold after completing a cross-state 
bicycle ride. In spite of her pain she continues to run 
daily and perform weight-training exercises using her 
lower extremities twice weekly. One month after the bi
cycle ride, her pain increased and is now present when 
she is sitting and walking. She is examined by an ortho
pedic specialist who diagnoses her condition as ham-
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string strain and who prescribes exercises to stretch and 
strengthen her hamstring muscles. 

Symptoms. The patient has severe pain in the area 
of the ischial tuberosities bilaterally, but the right side is 
more painful than the left. She is experiencing severe 
pain when she walks, and she can barely sit. She has 
stopped all of her exercise activities. She rates the pain 
at 7 to 8 on a scale of 10. She is most comfortable when 
lying down. She has tenderness with palpation at both 
ischial tuberosities. 

Movement Analysis 
Standing. When observed in the standing position 

the patient has a slight posterior pelvic tilt with a flat 
lumbar spine, poor gluteal definition, and bilateral 
tibial torsion. Forward bending causes pain in the is
chial tuberosities, and the return movement to the up
right position is accomplished by swaying at the ankles 
and hips. When standing on one leg, the patient expe
riences pain in the area of the ischial tuberosity, and 
there is a slight medial rotation of the hip but no hip 
adduction. 

Supine. When tested in the supine position the range 
of hip flexion is within normal limits. The patient expe
riences pain when she performs resisted hip extension. 
Her abdominal muscular strength tests 4/5. With her 
lumbar spine flat, her hip flexes to 90 degrees during the 
passive straight-leg raise test. The patient does not re
port pain with active straight-leg raises, except at the 
end of her range-of-hip flexion. 

Prone. When tested in the prone position the patient 
experiences pain when resistance is applied to knee 
flexion. When the patient performs hip extension, the 
hamstring muscles contract and the motion is 50% com
plete before there is an obvious change in the contour 
of the gluteus maximus muscle. 

Quadruped. When tested in the quadruped position 
the patient experiences pain in the ischial tuberosities 
when her hips are allowed to flex to greater than 90 de
grees by extending her back and anteriorly tilting her 
pelvis. While still in the quadruped position, the pain de
creases when the hips are flexed to less than 80 degrees 
by flexing her back and posteriorly tilting her pelvis. The 
pain increases when the patient rocks backward into hip 
flexion. 

Sitting. The patient is unable to tolerate sitting in 
an upright position for longer than 5 minutes. Pain de
creases when she slides forward in a chair, which 
places more weight on her sacrum than on her ischial 
tuberosities. The Slump test for nerve tension sensi
tivity is negative. 

Walking. The patient reports pain during the stance 
phase of walking. It diminishes when she sways her 
trunk backward and maintains exaggerated hip exten
sion, which decreases the participation of the hamstring 
muscles. 

CHAPI'ER FOUR 

Muscle Length and Strength Analysis. Hamstring 
length is within normal limits. The pain that the patient 
reports with resisted hip extension and knee flexion 
makes it difficult to identify weakness. The manual 
muscle test grade of the gluteus maximus is 4-/5 and of 
the quadriceps and lateral rotator muscles is normal. 

Diagnosis. The pain with active contraction and pas
sive stretch of the hamstring muscles and with palpation 
of both ischial tuberosities is consistent with hamstring 
strain. The poor definition of the gluteal muscles, the 
weakness of the gluteus maximus muscle, and the dom
inant hamstring activity during hip extension are all con
sistent with insufficient activity of the gluteus maximus 
muscle. The diagnosis is hip extension syndrome with 
knee extension. 

Intervention. The primary emphasis at this stage of 
severity is to provide as much rest as possible for the 
hamstring muscles by alleviating the tension exerted by 
these muscles. The patient's muscles are normal in 
length, but she has been performing resistive exercises 
that have only contributed to this syndrome. 

While in the quadruped position the patient is in
structed to allow her hips to flex, just to the point of elic
iting symptoms. The excursion during rocking back
ward is limited to the onset of symptoms. 

While in a supine position the patient performs 
active hip and knee flexion, completing the last phase of 
hip flexion by using her hands to pull her knee toward 
her chest. 

When in a prone position the patient is instructed 
to perform isometric contraction of her gluteus max
imus muscles. She also abducts her hip by sliding her 
lower extremity along the floor. 

The patient is instructed to sit on a ring-shaped air 
cushion, avoiding pressure on both ischial tuberosities. 

In a standing position the patient is instructed to 
practice isometric contractions of her gluteal muscles. 

While walking, the patient is instructed to assume 
an exaggerated swayback posture. She is told to use ice 
packs on the ischial tuberosities twice a day, minimize 
the amount of walking, and cease all exercise activity 
except for upper body weight training. 

Outcome. Approximately 1 week after the initial 
visit, the patient notes only slight improvement in her 
pain level. The improvement is mostly the result of 
avoiding the use of her hamstring muscles by walking in 
the swayback posture. Tape is applied across the right is
chial tuberosity area as a means of supporting the inser
tion of the hamstring muscles, which the patient reports 
helps reduce the pain. The tape is left in place for 3 days. 
She returns after 1 week, and again tape is applied over 
the right ischial tuberosity. She is able to walk in a more 
upright posture than she could previously. She is able to 
flex her hips to 100 degrees while in the quadruped po
sition and rock backward through 50% of her range, both 
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without pain. The patient is taught to bend forward 
slightly while only using hip flexion and then return by 
contracting her gluteus maximus muscles. Hip extension 
in a prone position with a pillow under her abdomen and 
with her knee flexed is added to the program. 

By the end of 5 weeks she is able to sit for 20 to 30 
minutes before experiencing pain. She can walk in the 
normal upright alignment, but she cannot take long 
strides. When walking, she is instructed to contract the 
gluteal muscles of the swinging leg at heel-strike. During 
her forward bending she is instructed to increase the 
range to approximately 70 degrees of hip flexion and re
turn by contracting her gluteus maximus muscles. She 
is also taught an exercise in which she kneels on one 
knee with the hip extended and knee flexed; the other 
foot remains on the floor and both the hip and knee are 
flexed-similar to the lunge exercise. By the end of the 
seventh weekly treatments, her last visit, the patient is 
able to walk for 2 miles and sit for up to 2 hours without 
developing symptoms. Resisted hip extension and knee 
flexion does not cause pain. In the quadruped position 
she can rock backward through the full range without 
symptoms. The strength of her gluteus maximus muscle 
is normal, and the strength of her hamstring muscles is 
4+/5. She is instructed to begin jogging short distances 
and alternate this jogging with walking for a total dis
tance of 3 miles. She is advised not to resume her resis
tive exercises to the hamstring muscles, using the "leg 
curl" motion. Telephone contact 2 months later indicates 
that she is able to jog for at least 3 miles and has com
pleted a 5-mile run without difficulty. She is encouraged 
to continue jogging with an emphasis on contracting her 
gluteal muscles during heel-strike and during the return 
to the upright position when performing the forward
bending exercise. She is instructed to periodically per
form the forward-bending exercise during the day. 

Hip Lateral Rotation Syndrome 
The hip lateral rotation syndrome is characterized by the 
insufficient participation of the intrinsic hip lateral ro
tator muscles, the piriformis, obturators, gemelli, and 
quadratus femoris muscles. An associated diagnosis of 
this syndrome is a shortened piriformis with sciatica. 

Symptoms and Pain 
Typical of the hip lateral rotation syndrome is pain in the 
posterior buttock, which originates just above the 
gluteal fold and radiates down the posterior aspect of 
the thigh to terminate at the knee. This syndrome is fre
quently misdiagnosed as hamstring strain. 

Movement Impairments 
The patient with the hip lateral rotation syndrome will 
usually walk with a laterally rotated hip and a slight an
talgic gait. 

Alignment: Structural Variations and Acquired 
Impairments 
The structural variation with hip lateral rotation syn
drome is hip retrotorsion. An acquired impairment is hip 
lateral rotation. 

Relative Flexibility and Stiffness Impairments 
The piriformis muscle and other lateral rotator muscles 
are stiffer than the medial rotator muscles. 

Muscle and Recruitment Pattern Impairments 
Activity of the intrinsic hip lateral rotator muscles (e.g., 
piriformis, gemelli, obturators, quadratus femoris) is 
more dominant than the activity ofthe hip medial rotator 
muscles. Impairments of muscle length and strength in
clude shortness ofthe piriformis and intrinsic hip lateral 
rotator muscles and stiffness or shortness of the ham
string and quadriceps muscles. 

Confirming Tests 
Pain down the posterior thigh increases with hip ad
duction or adduction with medial rotation and decreases 
when the hip is abducted and rotated laterally. 

Intervention 
PRIMARY OBJECTIVES. For the patient with lateral ro

tational problems, particularly in the presence of sci
atica, the intervention is stretching the hip into medial 
rotation, but the stretching should be performed care
fully to avoid irritating the nerve. Thus the patient 
should only stretch to the point where symptoms are 
elicited. 

CORRECITVE EXERCISE PROGRAM. In the quadruped po
sition, the patient's hip is abducted and laterally rotated 
rather than in a neutral position. The patient is instructed 
to rock back to the point at which the symptoms are just 
beginning. 

CORRECTING POSTURAL HABITS AND MOVEMENT PATTERNS. 

The patient is instructed to avoid sitting for prolonged 
periods of time. He or she is also advised to avoid pro
longed periods of hip extension and lateral rotation, 
such as when lying in a supine position. 

Summary 
When the shortened piriformis syndrome is present, 
the patient's symptoms are exagg~rated by hip flexion 
and medial rotation/adduction. These symptoms de
crease with extension, lateral rotation, and abduction. 
Movements of the spine do not affect the patient's 
symptoms as long as there is no motion at the hip joint. 
This syndrome can also be mistaken for hamstring 
strain, but the hamstring muscles are not painful to 
palpation and no pain is elicited by resisted contrac
tion. Typically, the hamstring muscles do not test 
weak. 
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Case Presentation 
History. A 16-year-old high school student has been 

referred to physical therapy for right hamstring strain. 
The patient is a highly competitive golfer who has ex
perienced an onset of posterior thigh pain after com
peting in a multistate tournament 1 year earlier. Al
though he did not have any symptoms while playing in 
the tournament, the next day when riding home, he 
began experiencing pain along his right posterior thigh 
from his buttock to his knee. The pain became increas
ingly intense. An orthopedic surgeon diagnosed his 
problem as hamstring strain and referred him to phys
ical therapy for stretching and resistive exercises. The 
patient has been participating in physical therapy three 
times a week for 2 months without improvement. The 
patient is instructed to stop all sporting activities, but he 
is advised to maintain his stretching program. 

Symptoms. Although he has followed this instruc
tion, he still experiences pain in his posterior thigh when 
walking or sitting, which he rates at a 6 to 7 on a scale 
of 10. When the symptoms become particularly intense 
he tries to stretch his hamstring muscles, which gives 
him only temporary relief. The patient is anxious to re
turn to sports, especially golf. 

Alignment Analysis. The patient is 6 feet tall, slender, 
and right handed. He has a flat back and is in posterior 
pelvic tilt. His left iliac crest is liz inch higher than his 
right. He stands with his right hip in lateral rotation, and 
he keeps most of his weight on his left lower extremity. 

Movement Analysis 
Standing. When the patient bends forward; his 

lumbar spine flexes faster than his hips and his pain in 
his posterior thigh increases slightly. When he returns 
from forward bending; he initiates the movement by ex
tending his hips. In spite of this hip extension move
ment, his primary strategy for returning to an erect po
sition is swaying his pelvis forward and his trunk 
backward. This maneuver makes his ankles the primary 
fulcrum of the movement rather than the hip joints, 
which usually indicates weakness of the hip extensor 
muscles. When the patient stands on his right leg, his 
hip extends, causing his trunk to lean posterolaterally. 
When he stands on his left leg, his trunk and pelvis main
tains a constant position. 

Supine. Hip flexion, medial rotation, and adduction 
cause pain in his posterior thigh. When he is in a resting 
position his right lower extremity assumes a position of 
marked lateral rotation, but his left lower extremity does 
not. He does not experience pain in the right posterior 
thigh during a passive straight-leg raise to 80 degrees. 

Side-lying. When lying on his side, hip adduction in
creases symptoms. 

Quadruped. Symptoms in his right posterior thigh in
crease when the patient rocks backward while in a 
quadruped position. When his right hip is positioned in 

abduction and lateral rotation before rocking backward, 
his symptoms decrease. 

Muscle Length and Strength Analysis. When testing 
hip flexor length; the right TFL-ITB is short and the left 
is within normal limits. The length of the hamstring mus
cles is within normal limits, and the hip can be flexed to 
180 degrees with the lumbar spine flat during a passive 
straight-leg raise. Resisted hip extension does not cause 
posterior thigh pain. 

The following are the test results for muscle 
strength: 

• Right and left gluteus medius muscles rate 4+/5 
and 4/5, respectively. 

• Right and left hip lateral rotator muscles rate 4+/5 
and 5/5, respectively. 

• Right and left hip medial rotator muscles rate 4-/5 
and 5/5, respectively. 

• Right and left hip medial rotation in the prone posi
tion is 20 degrees and 35 degrees, respectively. 

• Resistance to knee flexion in the prone position 
produces no pain. 
Diagnosis. The patient's examination clearly indi

cates that his piriformis muscle is short and that 
stretching the muscle elicits symptoms. As a right
handed golfer, the hip lateral rotator muscles should 
control the counterclockwise rotation of the right hip 
during the end of the swing. Also, because he is tall with 
long tibias, he habitually sits with his hips abducted and 
rotated laterally, contributing to the development of 
muscle shortness. His previous stretching program had 
only indirectly addressed the primary source of his 
problem. When he stretched, he did not use the inten
sity of the symptoms as a guide; rather, he followed the 
philosophy of "no pain, no gain," which had been 
irritating the nerve. The diagnosis is hip lateral rota
tion syndrome with sciatica (shortened piriformis 
syndrome). 

Intervention. From a sitting position the patient is 
most comfortable if he slides forward in his chair so that 
his right hip is extended, rotated laterally, and abducted. 
Slight hip medial rotation and adduction from this posi
tion elicit symptoms. He is instructed to perform hip me
dial rotation/adduction as his exercise while sitting in 
class, but he is to move his hip only to the point where 
symptoms are initiated. He is instructed to stand up as 
frequently as possible and to limit the degree of hip me
dial rotation to avoid symptoms. 

While in a supine position the patient performs hip 
adduction/medial rotation from flexion, but again he is 
advised to move his hip only to the point of the onset of 
symptoms. 

From a side-lying position the patient performs hip 
lateral rotation and abduction with his knee flexed to 45 
degrees. He is also instructed to perform hip abduction 
while the hip is maintained in slight medial rotation and 



DIAGNOSIS AND TREATMENT OF MOVEMENT IMPAIRMENT SYNDROMES 

his knee is flexed slightly. Both exercises are performed 
with a pillow between his knees to prevent hip adduc
tion/medial rotation in the range that elicits symptoms. 

When in a prone position the patient performs hip 
medial rotation with his knee flexed. He is also in
structed to avoid movements that elicit symptoms, 
which he can accomplish by positioning his hip appro
priately and limiting the range into medial rotation. 

When walking, the patient is instructed to minimize 
the degree of right hip lateral rotation. He is to rotate his 
hip as far toward neutral rotation as possible and yet 
avoid the onset of symptoms. His preferred hip align
ment during walking is with his foot pointing almost 25 
degrees laterally. 

Outcome. The patient returns after 1 week and 
states that his symptoms are greatly improved; he now 
rates them at 2 to 3 on a scale of 10. He still cannot sit 
normally with his hips flexed and in a neutral position in 
the frontal plane. He is able to perform side-lying and 
prone exercises without difficulty or symptoms. His hip 
abduction exercise has progressed to performing it with 
his knee extended rather than flexed. The exercise is to 
be performed with his hip in neutral rotation. 

The patient does not return to therapy for 4 weeks 
because of out-of-town summer travel. During this visit 
he is able to sit with his hip flexed and in neutral ab
duction/adduction. He can even slightly rotate his hip 
medially in the sitting position; his right hip medial ro
tation is 35 degrees in the prone position and he is able 
to extend his hip with his knee flexed without symptoms. 
He is able to walk for 11/2 miles without symptoms. The 
patient is planning to resume his sporting activities, but 
he is instructed to do so slowly and progressively. He 
never returns for further evaluation. 

Femoral Accessory Motion Hypermobility 
Femoral accessory motion hypermobility is a syndrome 
that is found in patients who have early degenerative 
changes in their hip joint, but without a great loss of 
range of motion. In fact, careful examination indicates 
hypermobility of accessory motions. Although the phys
iologic motions will not be excessive in range and may 
even be slightly less than normal, particularly in rota
tion, the joint motions are not associated with the stiff, 
end-feel characteristic of advanced degenerative hip 
joint disease. In the patient with accessory motion hy
permobility, impairments that occur with both medial 
and lateral rotation may be subtle and appear to be as
sociated with superior glide of the femur. An associated 
diagnosis is degenerative hip joint disease in its early 
stages. These impairments can also be found in patients 
with hip pain but without radiologic evidence of joint 
changes. Some of these patients have tears of the 
labrum. The rotation is believed to be the result of ex-

cessive compression into the hip joint that occurs when 
the rectus femoris is stretched (hip extended position) 
and when the hamstrings are stretched (hip flexed po
sition). The rotation is the femoral head following the 
path of least resistance. Distraction of the femur during 
the passive knee flexion and knee extension motion al
leviate the rotation. 

Symptoms and Pain 
Symptoms include pain deep in the hip joint and in the 
anterior groin that may also extend along the medial and 
anterior thigh. Walking elicits pain, as well as a stiffness 
in the hip joint after resting and when initially walking. 

Movement Impairments 
The patient with femoral accessory motion hypermo
bility will walk with a slight antalgic gait. During single
leg stance the hip will rotate medially. During passive 
knee flexion in the prone position, monitoring of the 
greater trochanter indicates that femur will rotate later
ally (not the pelvis but the femur) and occasionally su
perior glide will be detected. During hip lateral rotation 
in the prone position the greater trochanter will move 
through a wide arc, suggesting the femur may be flexing 
slightly. During knee extension in the sitting position the 
femur will rotate medially and appear to glide superiorly. 

Alignment 

• Structural variation: limited hip rotational range of motion 

• Acquired impairment: slight hip flexion often with anterior 
pelvic tilt 

Flexibility and Stiffness Impairments 
Rotation and superior glide ofthe femur are movements 
that are more flexible than maintaining a constant posi
tion of the femoral head in the acetabulum. The rectus 
femoris and the hamstring muscles are stiffer than the 
iliopsoas and intrinsic hip rotator muscles. 

Muscle and Recruitment Pattern Impairments 
Hip motions are controlled more by muscles located pri
marily on the thigh than the muscles located primarily 
on the pelvis. Therefore the hamstring muscles are more 
dominant as hip extensors than the gluteus maximus. 
The rectus femoris and the tensor fascia lata muscles are 
more dominant as hip flexors than the iliopsoas muscles. 

Impairments of muscle length and strength include 
a stiffness or shortness of both the hamstring and quadri
ceps muscles, which contributes to superior glide ofthe 
femur during knee flexion and knee extension. Manual 
muscle testing indicates weakness of the gluteus medius 
and iliopsoas muscles. 
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Confirming Tests 
Motion in all directions elicits pain in the hip joint, and 
hip abduction/lateral rotation in hip flexion (Fabere's 
test) causes pain in the anterior groin, when there are 
early hip joint changes. 

Intervention 
PRIMARY OBJECTIVES. The primary objectives of an 

intervention program are to reduce the hypermobility 
of the accessory motions of the hip and to improve the 
extensibility of the quadriceps and hamstring muscles. 
The hypermobility of the accessory motions of the hip 
is most evident during knee flexion and hip lateral ro
tation when either is performed in the prone position 
and during knee extension when performed in the sit
ting position. 

CORRECTIVE EXERCISE PROGRAM 
Quadruped exercises. With hips abducted and 

slightly rotated laterally, the patient rocks backward and 
stops at the point when the femur begins to rotate lat
erally. Someone may need to monitor this movement of 
the femur because of its subtleness. The range of rocking 
backward should be limited to avoid stretching of the in
trinsic hip lateral rotator muscles, the piriformis, obtu
rators, and gemelli. 

Prone exercises. The patient places the thumb and 
first finger around the femur at the greater trochanter to 
monitor its movement. The knee is flexed, but the move
ment is stopped when the patient perceives rotation of 
the femur. Distraction of the femur during knee flexion 
is helpful. 

Side-lying exercises. The patient performs hip ab
duction in neutral flexion/extension and rotation. 

Sitting exercises. The patient places the thumb and 
first finger around the proximal thigh laterally at the in
guinal crease to monitor the motion of the femur. The 
knee is extended with minimal effort, and the motion is 
stopped when the femur rotates, which is usually me
dial. The patient uses his hands to lift the thigh to max
imal hip flexion and then releases the hold on the thigh 
and uses his iliopsoas muscle to keep the hip flexed. 

CORRECTING POSTIJRAL HABITS AND MOVEMENT PA'ITERNS. 
The major intervention is to teach the patient to monitor 
femoral movement and correct the performance of mo
tions that elicit pain. All weight-training exercises of the 
quadriceps and hamstring muscles are eliminated. An 
emphasis is placed on improving the performance of the 
muscles that attach closest to the proximal end of the 
femur rather than to those muscles that attach more dis
tally on the femur. Therefore the exercises emphasize 
the performance of the iliopsoas, gluteus medius, glu
teus minimus, and intrinsic hip lateral rotator muscles 
as opposed to the rectus femoris, TFL, and hamstring 
muscles. The patient avoids exaggerated rotational mo-

tion of the hips when sitting or standing. This syndrome 
can also be found in cyclists. Cycling can hypertrophy 
the quadriceps and hamstring muscles without com
mensurate hypertrophy of the intrinsic hip girdle mus
cles and the iliopsoas. The medial rotation of the prox
imal femur can often be observed during cycling, 
particularly in the standing position. Taping the prox
imal femur in neutral rotation can assist in the retraining 
program. 

Summary 
In this syndrome, rotation and exaggerated accessory 
motions of anterior or superior glide occur during hip 
flexion and extension and during knee flexion and ex
tension. The patient with degenerative hip joint disease, 
but without restriction to motion other than pain, expe
riences both medial and lateral rotation accompanied by 
subtle faults in accessory motions that occur more 
readily than they should. For example, the rotation can 
be observed with knee flexion in the prone position and 
with knee extension in the sitting position. Superior 
glide accompanies this rotation. Because the rotation 
and superior glide occurs when stretching either the 
quadriceps or hamstring muscles during knee exten
sions, stiffness of these muscles that contributes to joint 
compression is suggested as the cause of the movement 
impairments of the femur in the acetabulum. The wide 
arc of femoral head movement during hip lateral rota
tion in the prone position is another indicator of im
paired accessory movement. 

Case Presentation 
History. A 43-year-old man is referred to physical 

therapy for instruction in a home exercise program for 
bilateral hip pain. His left hip is more painful than his 
right. Radiologic studies indicate that the patient has de
generative hip joint disease. He has been told that he 
should not perform any exercises that involve impact 
loading of his hip joints, such as jogging. The patient is 
a computer programmer. Approximately 6 years ago he 
began to jog regularly. He is most distressed that he has 
been advised to avoid this activity. 

Symptoms. The patient experiences pain when he 
walks. He does not complain of pain when he sits, he ex
periences pain when he moves from a sitting to a 
standing position. He also has pain in his hips when he 
gets in and out of his car and occasionally when he 
sleeps. 

Alignment Analysis. The patient stands 5 feet 10 
inches tall. She has a stocky build with well-developed 
musculature. He does not perform any weight-training 
exercises, but he explains that his muscular appearance 
is characteristic of his family. He has a slight anterior 
pelvic tilt with increased lower lumbar curve. His iliac 
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crest level is symmetrical, and his hip flexion is exag
gerated by a slight flexion of the knee. A slight hip lat
eral rotation is also observed. 

Movement Analysis. Tests are performed in the fol
lowing five positions: (1) standing, (2) supine, (3) prone, 
(4) quadruped, and (5) sitting. 

Standing. When standing, forward bending and the 
return motion are normal. When in a single-leg stance, a 
bilateral slight hip drop is observed. 

Supine. The patient experiences pain in the anterior 
groin at 100 degrees of hip flexion with more intense pain 
on the left side than on the right side. He has pain in his 
anterior groin with hip abductionllateral rotation from 
flexion in the supine position on both the left and right 
sides. 

Prone. Hip lateral rotation and femoral superior 
glide with knee flexion is greater on his left side than on 
his right. In the prone position with the knee flexed, 
during lateral rotation of the hip, a wide arc of proximal 
femoral motion is evident during palpation at the level 
of the greater trochanter. 

Quadruped. When the patient rocks backward while 
in the quadruped position, flexion of the lumbar spine is 
observed rather than hip flexion. There is lateral rota
tion of the proximal femurs as indicated by monitoring 
the greater trochanters but no motion of the distal fe
murs. With correction and repetition he is able to rock 
backward so that his hips flex to 115 degrees without lat
eral rotation and without pain. 

Sitting. While in a sitting position, when the patient 
extends his left knee his left hip rotates medially, but 
during right knee extension his right hip does not 
rotate. 

Muscle Length and Strength Analysis. The TFL and 
rectus femoris muscles are short bilaterally. The left and 
right hip abductor muscles test weak with ratings of 
4- /5 and 4/5, respectively. The gluteus maximus mus
cles also test weak with a rating of 4/5 on both sides. 

Diagnosis. Pain patterns are consistent with degen
erative hip joint disease. The primary impairments of hip 
rotation and superior glide motion during knee flexion 
and extension are consistent with a diagnosis of femoral 
accessory motion hypermobility syndrome. The re
peated motions of rotation and superior glide, as well as 
the excessive range of accessory motion of the femur, 
contribute to the patient's hip pain. 

Intervention. The primary goal of this patient's ther
apeutic intervention program is to minimize (1) the ex
cessive repetitions of hip rotation and superior glide 
during knee flexion and extension, and (2) the range of 
accessory motion of the femur. The patient is instructed 
in the correct performance of the following exercises: 

• In the side-lying position: abduction of the hip 
with his knee extended 

• In the prone position: knee flexion while monitor
ing the femur, stopping the flexion at the point the 
femur rotates laterally or moves superiorly 

• In the prone position: hip extension to a neutral 
position with his knee flexed and a pillow under 
the abdomen 

• In the quadruped position: rocking backward with 
an assistant to monitor the motion of the proximal 
femur by palpating the greater trochanter and 
stopping the motion at the point of rotation of the 
femur 

• In the sitting position: knee extension without hip 
rotation or superior glide of the femur 

• While walking: contraction of the gluteal muscles 
on heel strike 
Outcome. The patient returns to therapy 2 weeks 

after his initial visit and states that he no longer has 
pain in his hips when walking and is not experiencing 
pain when moving from a sitting to a standing position. 
His exercises are reviewed, and his original movement 
impairments are no longer evident. The patient chose 
not to return for further intervention, since he is 
paying for the therapy directly. He is certain that he 
understands the exercises and knows that they are 
beneficial. He is encouraged to perform the exercises 
daily, particularly after riding his bike, which is his fit
ness exercise. 

Femoral Hypomobility with Superior Glide 
Femoral hypomobility with superior glide is a syndrome 
associated with degenerative hip joint disease with cap
sular signs. The passive and active ranges of hip flexion, 
extension, rotation, abduction, and adduction are 
markedly limited. 

Symptoms and Pain 
Pain with movement is usually felt deep in the joint and 
can be referred along the inner or anterior thigh. There 
is joint stiffness after rest. Later in the course of degen
eration, there is pain at rest and at night. Because of the 
lack of hip extension, the patient with this syndrome 
usually demonstrates an exaggerated pelvic rotation or 
an anterior pelvic tilt during the stance phase of walking. 
An antalgic gait is present when the hip abductors are 
weak. 

Movement Impairments 
There is limited range of motion in all movement direc
tions when performed both actively and passively. Hip 
flexion contractures and limited rotation are the most 
common faults. The patient with this syndrome will de
velop compensatory movements of lumbar extension 
and rotation while walking because of the restricted 
movement of the hip joint. 
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Alignment 

Structural variations: none in particular 

ACQUIRED IMPAIRMENTS 

1. Anterior pelvic tilt and hip flexion 

2. Limited hip joint range in all movement directions 

3. Lack of hip extension, which affects alignment by contributing to 
pelvic tilt and/or rotation 

4. Compensatory pelvic rotation caused by limited hip rotation. If 
the right hip is hypomobile, the pelvis may rotate clockwise so 
that the hip joint is in medial rotation. 

5. Leg-length discrepancy from subchrondral collapse 

Flexibility and Stiffness Impairments 
The lumbar spine becomes more flexible than the hip 
joint. 

Muscle and Recruitment Pattern Impairments 
The primary recruitment problem is the dominant ac
tivity of the hip flexor muscles. During the early stages 
of this syndrome, avoiding hip flexor muscular activity 
and improving the participation of the hip extensor mus
cles can decrease symptoms. The restricted range ofmo
tion contributes to an acquired weakness of the hip ab
ductor and extensor muscles. 

Impairments of muscle length and strength may 
also be observed. The hypomo bility of the j oint itself pro
hibits distinguishing shortness of specific muscles. 

Confirming Tests 
With femoral hypo mobility with superior glide there is 
a loss of range of motion in all directions, especially ro
tation, abduction, and adduction. 

Summary 
There is reduced joint space, particularly along the su
perior aspect of the joint. Although motion is lost in all 
directions, the loss of hip extension range causes gait 
impairments of excessive lumbar extension or pelvic ro
tation. Weakness of hip abductor muscles contributes to 
the antalgic gait. 

Intervention 
PRIMARY OBJECTIVES. The primary objective of an in

tervention program is maintaining as much range of mo
tion and muscle strength as possible, because the loss 
of joint space is the major contributing factor that can 
limit range of motion. 

CORRECTIVE EXERCISE PROGRAM 

Standing exercises. Caudal long-axis distraction 
(inferior glide) is a component of intervention. One 
method of distraction is to stand on a raised level (such 

as a step) and suspend the involved leg with a 4- to 7-
pound weight attached (depending on patient size and 
whether frail or in good physiologic condition). The pa
tient should prevent the pelvis from dropping and just 
allow the weight to exert a downward pull on the hip. 
While the weight is pulling caudally on the lower ex
tremity, the patient can try to rotate the hip medially and 
laterally within the pain-free range. 

Supine exercises. Stretching the hip flexor muscles 
is important and can be accomplished by asking the pa
tient to hold the opposite knee to his chest and contract 
his abdominal muscles while sliding the affected hip into 
extension. Contracting the hip extensor muscles, par
ticularly the gluteus maximus muscle, can assist the 
range of motion into extension. Placing a weight on the 
ankle while in the hip flexor length testing position is not 
recommended because it can create an anterior-directed 
force on the femoral head. Instead, the patient should 
hold one knee to his chest while supine and then place 
a weight on the proximal femur near the inguinal crease. 
While the weight is on the anterior proximal thigh, the 
patient can assist the stretch by contracting his gluteus 
maximus muscle. 

Quadruped exercises. If the patient can be placed 
in the quadruped position, rocking backward toward the 
heels is a better method to improve the range of hip 
flexion than pulling the knee to the chest in the supine 
position. Because of the limited hip flexion range, the 
patient should stop the backward motion when there is 
obvious rotation of the pelvis or spine. The patient 
should push backward with his hands to rock back to
ward his heels rather than contracting his hip flexors. 

Prone exercises. While in a prone position the 
patient can perform three exercises: (1) knee flexion, 
(2) hip lateral rotation with knee flexion, and (3) hip 
abduction by sliding the lower extremity along a sup
porting surface. The therapist must ensure that the 
hip flexion contracture does not cause the patient to 
be in lumbar extension in the prone position. There
fore pillows usually have to be placed under the pa
tient's abdomen. 

Standing exercises. Strengthening the lower ab
dominal muscles can be accomplished by instructing the 
patient to stand with his or her back against the wall, al
lowing the hips and knees to flex to flatten the back. The 
patient should contract the abdominal muscles to keep 
the back against the wall while straightening the hips 
and knees. 

Walking exercises. The patient is instructed to con
tract the gluteal muscles at heel strike and try to extend 
the hip. In the presence of a hip flexion contracture, the 
preferred compensatory motion is knee flexion rather 
than lumbar extension or rotation, which will ultimately 
cause back pain. Although not desirable, knee flexion 
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when walking will not cause knee pain as readily as the 
compensatory lumbar motions will cause back pain. 

Sitting exercises. If the hip flexes only 90 degrees, 
the patient can sit on a wedge, requiring less hip flexion. 

Sitting-to-standing exercises. The patient should 
move to the front edge of the chair. To perform this 
movement the patient should push with his or her hand 
rather than actively flex the hips. The patient should 
straighten the hips and knees when rising and not rock 
forward by flexing the hips. 

Case Presentation 
History. A 58-year-old man is referred to physical 

therapy for evaluation and intervention of left hip pain. 
The patient is an executive who maintains an active ex
ercise program that includes tennis, squash, and regular 
callisthenic exercises at his health club. Radiologic 
studies demonstrate that the patient has degenerative 
changes in his left hip, but he is reluctant to have hip 
joint replacement because, according to his physician, 
he would be unable to play tennis or to jog. The patient 
does not believe the pain is severe enough to justify a re
placement. He attributes the development of his hip 
problem to an episode that occurred when he fell while 
water-skiing and during which he heard a loud "pop" 
sound. He had "some pain" for several weeks after the 
accident, but eventually the pain subsided. His only 
other orthopedic problem occurred 5 years earlier when 
he tore his heel cord; it was surgically repaired. The pa
tient has not played tennis for 4 months before his phys
ical examination because of hip pain at night and an in
creased stiffness during the day. Since he stopped 
playing tennis he has had minimal pain at night. His wife 
and friends have commented about the limp that is evi
dent when he walks. 

Symptoms. The patient has slight pain in his hip 
when he walks. His most intense pain occurs after sit
ting for a period of time and then standing and starting 
to walk. He also has experienced pain in the morning 
after rising and beginning to walk. 

Alignment Analysis. The patient stands 5 feet 11 
inches and has good muscle definition. His left hip is 
flexed but without anterior pelvic tilt, and his knee is 
flexed. His right hip is not flexed. Both hips are ab
ducted in standing. If he places his feet together there 
is pain in his left hip. His right and left iliac crests are 
level, and his left buttock is notably smaller than his 
right. 

Movement Analysis. Tests are performed in the fol
lowing five positions: (1) standing, (2) supine, (3) prone, 
(4) quadruped, and (5) walking. 

Standing. Forward bending is normally performed 
with 80 degrees of hip flexion with the knees flexed. 
During single-leg stance, the trunk sways laterally be
cause of the abducted position of the hip. 

Supine. In a supine position the patient's left hip 
flexion range of motion is limited to 100 degrees. He has 
pain at the end of the range. In the flexed position his hip 
is abducted and cannot be adducted. His right hip flexion 
range is within normal limits. His left hip abductionllat
eral rotation in flexion causes pain in the anterior groin 
at 509iJ of the range of the same movement of the right hip. 

Prone. During left knee flexion while in the prone 
position his pelvis anteriorly tilts and rotates counter
clockwise and his hip abducts. 

Quadruped. When rocking backward while in the 
quadruped position his pelvis shifts to the right because 
his right hip flexion range of motion is greater than his 
left hip flexion range of motion. His range of motion is 
limited to 100 degrees of left hip flexion and to slightly 
more flexion of the right hip in this position. 

Walking. Hip extension is limited during walking; 
consequently, he has an exaggerated rotation of the 
pelvis during stance phase. No hip drop is evident. 

Muscle Length and Strength Analysis. The left TFL, 
rectus femoris, and iliopsoas muscles are short. The hip 
joint is also a source of limitation, with hip extension 
limited to 30 degrees less than complete extension. The 
right hip flexor muscles are normal length. Left hip 
flexion is limited to 100 degrees. The left hip abductor 
muscles are short ( -15 degrees of neutral). When ana
lyzing the left hip, medial and lateral rotation are 10 and 
15 degrees, respectively. When analyzing the right hip, 
medial and lateral rotation are 25 and 30 degrees, re
spectively. Specific muscle testing cannot be performed 
because of the limited hip motion. 

Diagnosis. The diagnosis is femoral hypomobility 
syndrome with superior glide. 

Intervention. The primary objectives of the inter
vention program are to increase the hip range of motion, 
particularly into extension, and improve the function of 
the gluteal muscles. Specific exercises in the supine, 
side-lying, prone, and quadruped positions, as well as 
during a sit-to-stand motion and walking, are prescribed. 

While in a supine position the patient is instructed 
to hold his right knee to his chest and contract his ab
dominal muscles while sliding his left hip into extension 
and contracting the gluteal muscles to assist in hip ex
tension. He is also to perform hip abductionllateral ro
tation with the hip flexed, stopping the motion when he 
has pain in the groin. 

In the side-lying position the patient slightly 
abducts his hip and then allows the extremity to adduct, 
maintaining this position for a count of 10 to 15. When 
lying prone the patient performs knee flexion while pre
venting pelvic motion. Another exercise in the prone po
sition is hip rotation with the knee flexed. From a 
quadruped position the patient rocks backward with the 
hips abducted. The patient is instructed to stop at the 
point of uncontrollable weight shift to the right. 
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When moving from a sitting to a standing position, 
the patient contracts his buttock muscles and tries to 
straighten the hips as much as possible. 

While walking, the patient is instructed to tighten 
his left buttock muscles at heel strike and continue to 
contract the muscles during the entire stance phase. The 
patient should actively use the calf muscles to push-off 
at the end of the stance phase. 

The patient is advised to stop performing the bilat
eral hip flexion with knee extension exercise that he per
formed while hanging from a bar. 

Outcome. The patient returns to physical therapy 
four times over an 8-week period. Only one exercise is 
added to his program. While in the prone position and 
with a pillow under his abdomen, the patient is instructed 
to perform hip extension with his knee flexed. By the end 
of this 8-week period, he no longer has hip flexion when 
standing. He can stand with his feet approximately 2 
inches apart, and he can walk with minimal pelvic rota
tion. The contour of his left buttock is similar to his right, 
and he can flex his left hip to 120 degrees without pain. 
During a follow-up visit 3 months later, the patient is 
playing tennis, but he is not as competitive as he had once 
been. He does not experience pain at night unless he has 
been particularly active. He can walk for long distances, 
and his friends have noticed that he no longer limps. The 
patient returns 2 years later. Although a radiologic ex
amination indicates that there has been additional dete
rioration, he maintains his sporting activities and expe
riences minimal pain. He continues to perform his 
exercise program on a daily basis. 

Femoral Lateral Glide Syndrome 
With Short-Axis Distraction 
Femoral lateral glide syndrome with short-axis distrac
tion is similar to the hip adduction syndrome, except the 
laxity of the abductor muscles can be severe enough to 
cause the femoral head to glide laterally to the point of 
subluxation (i.e. , short-axis distraction). When a patient 
is in the side-lying position, the greater trochanter is 
quite prominent, slightly anterior of midline, and distal 
of the center of the acetabulum when compared with the 
other hip in the same position. To position the femur cor
rectly, the therapist has to flex, abduct, and rotate the 
femur laterally with one hand while guiding the prox
imal femur at the trochanter into the appropriate align
ment in the acetabulum with the other hand. An associ
ated diagnosis of femoral lateral glide syndrome is a 
"popping" hip, caused from subluxation. 

Symptoms and Pain 
The primary symptom offemorallateral glide syndrome 
with short-axis distraction is hip pain, and most often 
the patient will readily demonstrate how he or she can 
make her hip "pop" while standing and performing a mo-

tion of abrupt hip adduction/medial rotation. This 
syndrome is most common in dancers, individuals with 
a congenital hypermobility syndrome, or young women 
who have had a congenital hip condition such as 
dislocation. 

Movement Impairments 
STANDING POsmON. In addition to self-initiated sub

luxation, the femur rotates medially and the hip adducts 
in a direction consistent with a weakness of the gluteus 
medius muscle during single-leg stance. 

SUPINE POSITION. During hip and knee flexion the 
femur usually rotates medially. The straight-leg raise 
(hip flexion with knee extension) is associated with hip 
medial rotation, and the PIeR does not maintain the 
normal, relatively constant position as indicated by the 
excessive superior and anterior path of the greater 
trochanter. 

SIDE-LYING POSITION. During hip abduction, the hip 
flexes and rotates medially. When returning to the 
starting position, the hip adducts and rotates exces
sively medially. Monitoring the greater trochanter and 
comparing its motion with that of the contralateral 
trochanter during the same movement can detect the ex
cessive caudal and medial excursion of the affected 
femur during eccentric hip adduction. 

PRONE POsmON. During hip lateral rotation there is a 
wide axis of movement of the greater trochanter. During 
hip extension the greater trochanter rotates medially. 

Q UADRUPED POsmON. Monitoring the greater tro
chanter indicates that the femur may rotate medially as 
the patient rocks backward. 

SITTING POsmON. Knee extension is often accompa
nied by hip medial rotation. 

GAIT. During the stance phase of walking, there is 
an increased lateral sway of the pelvis or hip adduction 
of the affected hip. Medial rotation of the femur is also 
excessive during the stance phase of walking. 

Summary 
The primary impairment of femoral lateral glide syn
drome with short-axis distraction is excessive hip ad
duction, which is excessive to the point of lateral or 
short-axis subluxation. 

Alignment 

STRUCTURAL VARIATIONS 

1. Often a history of congenital hip dislocation 

2. Wide pelvis 

3. Prominent greater trochanters 

ACQUIRED IMPAIRMENT 

1. Apparent leg-length discrepancy with the iliac crest of the affect
ed hip higher than the contralateral iliac crest 
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Flexibility and Stiffness Impairments 
The range of motion of hip adduction and often of me
dial rotation is excessive. The hip joint is less stable than 
normal because the patient is able to actively sublux the 
hip. 

Muscle and Recruitment Pattern Impairments 
The hip flexor and medial rotator muscles are more dom
inant than the hip abductor and lateral rotator muscles. 
Impairments of muscle length and strength may also be 
observed. The gluteus medius and hip lateral rotator 
muscles are long and weak, and the TFL is short. 

Confirming Tests 
The alignment of the femur in the side-lying position and 
the patient's demonstration of hip subluxation both con
firm the diagnosis of femoral lateral glide syndrome. 

Intervention 
PRIMARY OBJECTIVES. The primary goal of an inter

vention program is to eliminate the laxity of the hip ab
ductor muscles and to avoid subluxation of the femur. 

CORRECTIVE EXERCISE PROGRAM 

Quadruped exercises. Exercises in the quadruped 
position should NOT be prescribed because they can fur
ther stretch the posterior muscles and joint capsule. 

Supine exercises. While in a supine position the pa
tient is instructed to flex the hip and knee actively while 
attempting to maintain the femur in a constant position 
of neutral with regard to rotation, thus preventing the 
anterior and medial movement of the greater trochanter. 

Prone exercises. From a prone position the patient 
performs hip abduction with lateral rotation. With the 
hips and knees flexed and the hips rotated laterally to 
ensure that the medial side of the feet are touching, the 
patient performs isometric hip lateral rotation. A second 
exercise from the prone position is hip extension with 
the knee flexed. 

Side-lying exercises. While in a side-lying position 
the patient performs hip abduction with a slight lateral 
rotation. There should be enough pillows between the 
knees to ensure that the hip does not adduct past the 
midline of the body on return to the starting position. 

Si tting exercises. If the hip rotates medially during 
knee extension, the patient should practice performing 
knee extension without allowing hip rotation. 

Standing exercises. The patient is instructed to 
contract the hip abductorllateral rotator muscles during 
single-leg standing and to avoid hip adduction/medial 
rotation. 

CORRECTING POSTURAL HABITS AND MOVEMENT PATTERNS. 

The patient is instructed to avoid crossing his or her legs 
when sitting and to avoid standing with the hip in ad
duction. In the side-lying position the patient should 

place pillows between the knees to prevent the hip from 
adducting and rotating medially. Lastly, he or she should 
avoid "popping" the hip. 

Case Presentation 
History. A 24-year-old female graduate student is ex

periencing a deep aching pain in her left hip, primarily 
during and just after running distances of 1 to 2 miles. 
She also has slight pain when walking, particularly 
during distances of 3 to 5 miles. She participates in a va
riety of intramural sports. The patient reports and 
demonstrates that she can make her hip "pop" by a rapid 
voluntary motion of adduction and medial rotation while 
in a standing position. She also reports that when she 
was an infant, there was something "wrong" with her hip, 
which caused her to wear a brace at night. There has not 
been an orthopedic follow-up because her mother be
lieved that her daughter's hip problem was satisfactorily 
resolved when she was an infant. 

Symptoms. The patient has been running distances 
of 2 miles with a frequency of five to seven times a week 
until her hip pain started to increase. She has stopped 
running but still participates in intramural sports. When 
the pain is at its worst, she rates its intensity as 3 on a 
scale of 10. As long as she avoids running or walking 
long distances, she is free of pain. 

Alignment Analysis. When the patient stands her left 
iliac crest is 1/2 inch higher than her right. Pelvic tilt in 
the sagittal plane is neutral. Her left lateral thigh in the 
area of the trochanter appears to be larger than the same 
area of the right hip, and she has slight valgus of both 
lower extremities and a rigid foot with a high instep. 

Movement Analysis. The following tests are per
formed with the patient (l) standing, (2) in a quadruped 
position, (3) lying supine, (4) in a side-lying position, 
(5) prone, (6) sitting, and (7) walking. 

Standing. When the patient is instructed to bend for
ward to return to the upright position and to laterally 
flex her trunk, she does not report any symptoms and 
movement impairments are not observed. When the pa
tient stands on the left lower extremity, there is notable 
hip adduction that is not evident when she stands on the 
right lower extremity. 

Quadruped. When assessing her alignment in the 
quadruped position, the left side of her pelvis is higher 
than the right side and her femur is slightly rotated me
dially. When she is asked to rock backward, monitoring 
of the greater trochanter indicates that her left femur ro
tates slightly medially. Her pelvis also moves slightly to 
the left; consequently, her left hip flexes slightly more 
than her right. 

Supine. Resistance to passive hip flexion is not felt, 
and her bilateral range of motion is 125 degrees. There 
is some tendency for the left hip to rotate medially at the 
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end of the hip flexion range. When performing hip ab
ductionllateral rotation from hip flexion, there is a slight 
sensation of pinching at the posterolateral aspect of her 
left femur by the trochanter at the end range of the mo
tion. Compensatory pelvic rotation is not noted. The left 
hip rotates medially during a straight-leg raise. 

Side-lying. In the side-lying position the left hip 
adducts and medially rotates excessively. When the pa
tient is in the same side-lying position, her left greater 
trochanter appears to be more distal and anterior in re
lation to the acetabulum than her right greater 
trochanter. The right hip does not adduct or rotate me
dially to the same degree as the left. When the left hip is 
placed in the proper position for testing abductor 
strength, the therapist is required to flex and abduct the 
hip and to manually reposition the left greater trochanter 
to achieve correct alignment of the femur in relation to 
the acetabulum. 

Prone. When the patient is asked to extend her hip 
with the knee extended while in a prone position, the 
left gluteus maximus does not change in contour until 
the hip extends to almost 10 degrees. The right gluteus 
maximus and hamstring muscles contract simultane
ously, based on the change in contour of the muscles. 
During hip lateral rotation, there is a wide arc of motion 
of the left greater trochanter. The left hip lateral rotation 
range of motion is 35 degrees. The right greater 
trochanter does not demonstrate this wide arc of move
ment during hip lateral rotation. The right hip lateral ro
tation range of motion is also 35 degrees. 

Sitting. During left knee extension in a sitting posi
tion, the hip rotates medially, which is evident when the 
therapist places his or her hand on the anterior thigh as 
the patient extends her knee. 

Walking. During the left stance phase of gait, hip me
dial rotation is exaggerated and hip adduction (hip drop) 
is evident. None of these gait impairments are evident 
during the right stance phase of gait. 

Muscle Length and Strength Analysis. The left TFL
ITB is short. During the hip flexor length test, her hip 
must be abducted 25 degrees to achieve complete hip 
extension; less than 5 degrees of hip abduction is re
quired to achieve complete hip extension on the right. 
Not one of the other hip flexor muscles is short. The 
left hip abductor muscles are weak, grading 4-/5. The 
right hip abductor muscles are normal, grading 5/5. 
The left PGM is particularly weak and rates 3+/5, and 
the patient has a difficult time preventing hip medial 
rotation when placed in the test position. The left and 
right hip adductor muscles both grade 5/5, but the left 
and right gluteus maximus muscles grade 4/5 and 5/5, 
respectively. 

Diagnosis. The diagnosis is femoral lateral glide 
syndrome. The key fmdings that support this diagnosis 

CHAPTER FOUR 

are (1) the patient's ability to "pop" or sub luxate her 
hip; and (2) the fact that the therapist must guide the 
greater trochanter manually while abducting and ro
tating the hip laterally to position the hip correctly 
while the patient is lying on her side. In this side-lying 
position the hip appears excessively rotated medially 
and it adducts. Also, the position of the greater 
trochanter is distal and anterior compared with the 
other trochanter when the patient lies in this position. 
The pain in the hip joint develops because of the ex
cessive motion of the femoral head, particularly during 
activities that require strong control of the femur 
during the stance phase (e.g., running). 

IntelVention. The primary goals of the patient's in
tervention program are to avoid the lateral glide posi
tion of the femoral head and to shorten and strengthen 
the hip abductor lateral rotator muscles. 

While in a supine position, the patient is instructed 
to hold her right knee to her chest to flatten her back. 
She is also instructed to tilt her pelvis posteriorly and 
slide her left lower extremity into extension and abduc
tion while maintaining hip lateral rotation. The purpose 
of this exercise is to stretch her TFL-ITB. 

From a side-lying position the patient places pil
lows between her legs that are high enough to avoid hip 
adduction and performs hip abduction while main
taining hip lateral rotation. She is instructed to keep her 
hip as extended as possible while avoiding lumbar ex
tension. She is instructed to position her pelvis in slight 
anterior rotation so that she is performing hip abduction 
in slight extension and against gravity. 

When in a prone position the patient's hips are ab
ducted and laterally rotated, the knees are flexed, and 
the medial sides of both feet are touching. The patient 
isometrically performs hip lateral rotation by pressing 
her feet together. In the prone position with her knees 
flexed, the patient is also instructed to perform hip lat
eral rotation to stretch the TFL-ITB. 

While standing on the left leg, the patient is in
structed to contract her left gluteal muscles to prevent 
hip medial rotation and hip drop. When walking, the pa
tient is instructed to contract her left gluteal muscles at 
heel strike to prevent hip drop and medial rotation. 

To correct postural habits, the patient is instructed 
to place a pillow between her legs when lying on her 
side, avoiding hip abduction and medial rotation. She 
is also advised to avoid sitting with her legs crossed. 
When moving from a sitting to a standing position, as 
well as when moving in the reverse direction, she is in
structed to keep her knees pointed straight ahead and 
to avoid letting her hips rotate medially. She is also ad
vised to make a conscious effort to contract her gluteal 
muscles when moving from a sitting position to a 
standing posture. 
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Outcome. Because the patient had not been run
ning at the time of her initial visit, she did not report 
symptoms. After this first visit she returns 1 week later 
to check the accuracy with which she is performing her 
exercises. She has been performing all of them cor
rectly, and the strength of her left PGM muscle im
proved to a rating of 4 - /5. Approximately 3 weeks after 
her first visit she is allowed to start jogging for only 1 
minute and then to walk for 1 minute, alternating for a 
total of 20 minutes. She is to limit her jogging to every 
other day for only 3 days a week. She can walk for 30 
minutes on the other 4 days. During the jogging and 
walking routine she is instructed to contract her gluteal 
muscles at heel strike. After 2 weeks on this schedule 
the patient has increased her jogging to 2 minutes with 
1 minute of walking, and the overall time has been in
creased to 30 minutes. Observing the patient while jog
ging indicates that she is able to control the hip drop 
and medial rotation. After another 2 weeks she is al
lowed to jog for 5 minutes and walk for 1 minute and 

increase the overall frequency to four times a week on 
an every-other-day schedule. Approximately 3 months 
after her initial visit, the patient no longer demonstrates 
a shortness of her TFL-ITB and her hip abductor mus
cles test 5/5. She is told that she can jog for 20 minutes 
at a time and that she can increase the duration of her 
running as long as the activity does not elicit symptoms 
and as long as she can continue to prevent hip medial 
rotation and abduction. Approximately 1 month after 
her last visit the patient reports that she is running for 
30 minutes four times a week and is not experiencing 
any symptoms. 

Conclusion 
Based on the author's experience in treating patients re
ferred to physical therapy for hip pain, this chapter of
fers movement impairment syndromes of the hip in the 
order of the frequency in which they have been ob
served. However, the actual distribution of these syn
dromes needs verification by a larger database. 
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cbapter 4 

Appen{)ix 

FEMORAL 
ANTERIOR 
GLIDE 
SYNDROME 

Without Medial Rotation 

The primary movement dysfunction in 
this syndrome is insufficient posterior 
glide of the femur during hip flexion. 
The stiffness of the hip extensors and 
posterior hip joint structures and the 
excessive flexibility of the anterior hip 
joint structures as the result of 
maintained hip extension create a path 
of least resistance of anterior glide. 

SYMPTOMS AND HISTORY 

• Groin pain with hip flexion or standing 

• May experience generalized hip pain 

• Often occurs in younger people, 
distance runners, dancers, martial arts 
(stance leg) 

KEY TESTS AND SIGNS 

Standing alignment 

• Posterior tilt, hip extension, knee 
hyperextension, decreased gluteal 
definition 

Supine position 

HIP AND KNEE FLEXION 

• Active: Increased pain after 90 degrees 

• Passive: If posteroinferior glide is 
applied at the inguinal crease, stiffness is 
evident and range of pain-free flexion 
increases 

STRAIGHT- LEG RAISE 

• Active: Slight deviation of PieR indicat
ed by greater trochanter 

• Passive: If posteroinferior glide is 
applied at the inguinal crease, stiffness 
increases and range decreases 

• At maximum hip flexion, patient actively 
contracts hip flexors; results in deviation 
of greater trochanter 

Prone hip and knee extension 

• Anterior displacement of the greater 
trochanter 

• Onset of gluteal maxim us contraction 
after hip extension is 50% of complete 
range of motion 

Manual muscle test 

• Weak iliopsoas (may be weak and 
painful), weak gluteal maximus 

Quadruped position 

• Pelvis on the involved side appears 
higher (less than 90 degrees of hip 
flexion); hip on the affected side does 
not flex as easily as the hip on the othe~ 

side; as a result, pelvis tilts during 
rocking backward 
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~SSOCIATED SIGNS 
:contributing factors) 

, Long iliopsoas muscles 

Short hamstring muscles 

Short TFL-ITB 

Gait: knee hyperextended 

Habit of sitting with legs crossed 

DIFFERENTIAL MOVEMENT 
AND ASSOCIATED DIAGNOSES 

Movement diagnoses 

• Femoral anterior glide with medial 
rotation 

• Femoral anterior glide with lateral 
rotation 

• Femoral accessory hypermobility 

Associated diagnosis 

• Iliopsoas tendinopathy iliopsoas bursitis 

CHAPTER FOUR APPENDIX 

SCREENING FOR POTENTIAL 
MEDICAL DIAGNOSES 
REQUIRING REFERRAL 

• Avascular necrosis 

• Osteoarthritis 

• Stress fractures: 
Lesser trochanter 
Proximal medial femur 
Pubic symphysis 

• Iliopsoas abscess 

• Spinal cord tumor 

• Ascites 

• Hemophilia (GI bleeding) 

• Aortic aneurysm 

• Ureteral pain 

• Interior oblique avulsion 

• Pubalgia 

• Osteitis pubis 

• Inguinal hernia 

• Pelvic organ prolapse 

GI, Gastrointestinal; PieR, path of the instant center of 
rotation. 
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Appen(jix 

FEMORAL 
ANTERIOR 
GLIDE WITH 
MEDIAL 
ROTATION 
SYNDROME 

The primary movement dysfunction in 
this syndrome is insufficient posterior 
glide and excessive medial rotation of 
the femur during hip flexion. An 
impaired PieR of the hip ioint occurs as 
indicated by upward and medial 
movement of the greater trochanter 
during hip flexion. There is failure of the 
hip flexor lateral rotators to counteract 
the hip flexor medial rotators. The 
stiffness of the hip extensors and 
posterior hip ioint structures and the 
excessive flexibility of the anterior hip 
ioint structures as the result of 
maintained hip extension create a path 
of least resistance of anterior glide. 

SYMPTOMS AND HISTORY 

• Groin pain during active hip flexion 

• Groin pain may progress to aching pain 
of whole hip 

• Often seen in runners, dancers, martial 
arts (kicking leg) participants, soccer 
players 

KEY TESTS AND SIGNS 

Standing alignment 

• Posterior tilt, hip extension, and medial 
rotation; knee hyperextension, 
decreased gluteal definition 

Standing on one leg 

• Observed medial rotation 

Active and passive straight-leg raises 

• Active: See anteromedial deviation of 
PieR of greater trochanter (may be 
painful) 

• Passive: If posteroinferior glide is 
applied at the inguinal crease, stiffness is 
evident and range of pain-free flexion 
increases 

• Place at end range, ask patient to hold; 
observe anterior glide 

Hip and knee flexion 

• Active: Increased pain after 90 degrees 

• Passive: If posteroinferior glide is 
applied at the inguinal crease, stiffness is 
evident and range of pain-free flexion 
increases; range may also increase with 
lateral rotation 

Prone hip and knee extension 
(severe cases) 

• Anterior displacement of the greater 
trochanter 

• Onset of gluteus maximus after 
initiation of hip extension 

Quadruped position 

• Pelvis on the involved side appears 
higher at less than 90 degrees of hip 
flexion; femur does not glide posteriorly 
or flex easily during backward rocking 

MMT 

• Weak or weak and painful iliopsoas, 
posterior gluteus medius, or intrinsic hip 
lateral rotators; weak gluteus maxim us 

Sitting position 

• Knee extension: Observe hip medial 
rotation with lateral rotation; range 
decreases or movement into extension 
is slower 
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'SSOCIATED SIGNS 
contributing factors) 

Apparent leg-length discrepancy 

Asymmetric hamstring muscles (medial 
shorter than lateral> 

, Medial hamstring muscles recruited over 
lateral hamstring muscles 

, Shortened length of TFL, ITB 

, Acquired faults: Ankle pronation 

, Structural variations: 
Femoral antetorsion 
Retroversion 
Genu valgus 

• Gait: 
Hip medial rotation 
Knee hyperextension 

DIFFERENTIAL MOVEMENT 
AND ASSOCIATED DIAGNOSES 

Movement diagnoses 

• Femoral accessory hypermobility 

• Femoral anterior glide 

• Femoral anterior glide with lateral 
rotation 

• Hip adduction with medial rotation 

Associated diagnoses 

• Iliopsoas tendinopathy 

• Iliopsoas bursitis 

• Obturator internus trigger point 

• Snapping hip syndrome 

SCREENING FOR POTENTIAL 
MEDICAL DIAGNOSES 
REQUIRING REFERRAL 

• Avascular necrosis 

• Osteoarthritis 

• Stress fractures: 
Lesser trochanter 
Proximal medial femur 
Pubic symphysis 

• Iliopsoas abscess 

• Spinal cord tumor 

• Ascites 

• Hemophilia (GI bleeding) 

• Aortic aneurysm 

• Ureteral pain 

• Interior oblique avulsion 

• Pubalgia 

• Osteitis pubis 

• Inguinal hernia 

• Pelvic organ prolapse 

Gt Gastrointestinal; MMT, manual muscle test; 
PieR, path of the instant center of rotation; 
TFL-ITB, tensor fascia lata-iliotibial band. 
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Appenoix 

FEMORAL 
ANTERIOR 
GLIDE WITH 
LATERAL 
ROTATION 
SYNDROME 

Faulty standing alignment (hip 
extension and lateral rotation) causes 
the head of the femur to push into 
anterior structures. The stiffness of the 
hip extensors, the stretched anterior 
ioint structures, and the dominance of 
the hamstring muscles over the gluteal 
maximus contributes to excessive 
anterior glide of the femoral head 
during extension. 

HIP 
ADDUCTION 
SYNDROME 
WITHOUT 
MEDIAL 
ROTATION 

Excessive hip adduction and overstretch 
of the superior and posterolateral 
capsule of the hip is the result of 
impaired alignment in standing 
activities. There is an impaired 
recruitment pattern of hip adductor 
muscles over abductor muscles for 
control of the pelvis. 

SYMPTOMS AND HISTORY 

• Groin pain with hip extension and 
lateral rotation; worse in weight bearing 
(e.g., running, jumping) 

• Pain may be located more medially than 
in anterior glide with medial rotation 
syndrome 

• Participation in activities (e.g., ice 
skating, soccer, ice hockey) with 
emphasis on lateral rotation and 
abduction 

• Incidence: Moderate to frequent 

SYMPTOMS AND HISTORY 

• Buttock pain or lateral thigh pain during 
standing, walking, stair climbing, sitting
to-standing movement, or occasionally 
sitting with legs crossed 

• May report pain along inner thigh or 
medial groin area 

• History of sleeping in the side-lying 
position (hip in adduction) 

KEY TESTS AND SIGNS 

Standing alignment 

• Posterior pelvic tilt, hip extension and 
lateral rotation, knee hyperextension 
(pain may decrease with medial rotation) 

Supine position 

• Hip and knee flexion: Observe lateral 
rotation and short gluteus maximus 

• Stiffness noted during hip flexion 

Manual muscle test 

• Weak iliopsoas muscle (may be weak 
and painful) 

Prone position 

• Hip and knee extension: Anterior 
displacement of greater trochanter 
(in severe cases) 

• Onset of gluteus maximus after 
initiation of hip extension 

• Hip rotation: Limited medial rotation 
(short lateral rotator muscles) 

Quadruped position 

• Pelvis on the involved side appears 
higher than the other side because that 
hip is not as flexed and does not flex as 
easily during backward rocking (femur 
does not easily glide posteriorly) 

• Hip lateral rotation: Alignment and 
movement improve 

KEY TESTS AND SIGNS 

Manual muscle test 

• Weak primary hip abductor muscles 
(gluteus medius, gluteus minimus) 

Standing on one leg 

• Hip adduction (drop) or lateral trunk 
flexion 

Gait 

• Hip adduction (drop) 

Resisted test 

PATIENTS WITH BunOCK OR LATERAL 

THIGH PAIN 

• Weak and painful hip abduction 

• Strong hip adductors muscles 

PATIENTS WITH INNER THIGH PAIN 

• Both hip abductor and adductor muscles 
may be weak and painful 
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~SSOCIATED SIGNS 
:ontributing factors) 

Standing on one leg: Observe lateral 
rotation 

Supine hip abduction and lateral 
rotation in flexion: May produce groin 
pain 

Short hamstring muscles . 

Weakness of gluteus maxim us, anterior 
gluteus medius and minimus 

Structural variations: Femoral retro
version, tibial torsion, rigid foot (history 
of exercises to include lateral rotation 
with antetorsion of the hips) 

Habit of sitting with legs crossed (foot 
on thigh) 

.SSOCIATED SIGNS 
ontributing factors) 

Standing alignment: Increased hip 
adduction 

Habit of standing in hip add with 
increased weight bearing on involved 
lower extremity 

Apparent leg-length discrepancy (pain 
on side of high iliac crest) 

Short adductor muscles (less than 3S 
degrees of hip abduction) 

Structural variations: Broad pelvis, 
prominence of greater trochanter, genu 
valgus, pronated feet 

DIFFERENTIAL MOVEMENT 
AND ASSOCIATED DIAGNOSES 

Movement diagnoses 

• Femoral accessory hypomobility with 
superior glide 

• Femoral accessory hypermobility 

• Femoral anterior glide 

• Hip adduction syndrome 

Associated diagnoses 

• Iliopsoas tendinopathy or bursitis 

• Adductor muscle strain or tendinopathy 

DIFFERENTIAL MOVEMENT 
AND ASSOCIATED DIAGNOSES 

Movement diagnoses 

• low back syndrome 

• Hip adduction with medial rotation 

• Femoral lateral glide 

Associated diagnoses 

• Gluteal medius strain or tendinopathy 

• Adductor strain or tendinopathy 

• Trochanteric bursitis 

• Iliotibial band fasciitis 

• Ischiogluteal bursitis 

SCREENING FOR POTENTIAL 
MEDICAL DIAGNOSES 
REQUIRING REFERRAL 

• Avascular necrosis 

• Osteoarthritis 

• Stress fractures: 
lesser trochanter 
Proximal medial femur 
Pubic symphysis 

• Iliopsoas abscess 

• Spinal cord tumor 

• Ascites 

• Hemophilia (gastrointestinal bleeding) 

• Aortic aneurysm 

• Ureteral pain 

• Interior oblique avulsion 

• Pubalgia 

• Osteitis pubis 

• Inguinal hernia 

• Pelvic organ prolapse 

SCREENING FOR POTENTIAL 
MEDICAL DIAGNOSES 
REQUIRING REFERRAL 

• Patients with buttock or lateral thigh 
pain: 

Peripheral neuropathy 
Neurogenic claudication 
Neoplasm 
Disk protrusion 

• Stenosis: 
Osteophyte formation 
Thickening ligament 

• Patients with inner thigh or medial 
groin pain: 

Hip joint pathologic condition 
(e.g., early stage osteoarthritis) or 
avascular necrosis 

Stress fracture (pubic symphysis or 
lesser trochanter) 

Iliopsoas abscess 
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HIP 
ADDUCTION 
SYNDROME 
WITH 
MEDIAL 
ROTATION 

Lack of posterolateral stabilization of 
the proximal femur is caused by 
impaired positioning and overstretch of 
the posterolateral capsule and muscles 
of the hip. The impaired movement is 
exaggerated hip adduction and medial 
rotation with recruitment of the hip 
adductor muscles over the abductor 
muscles for control of the pelvis and hip 
medial rotators over lateral ratators. In 
some cases, the lengthened piriformis 
muscle may compress the sciatic nerve 
(lengthened piriformis syndrome). The 
syndrome may also be associated with 
inflammation of the ITB from overuse of 
the TFL-ITB (recruitment of TFL-ITB for 
hip abduction and flexion). 

SYMPTOMS AND HISTORY 

• Posterior lateral hip pain; or 

• Sciatica (no low back pain, lengthened 
piriformis syndrome); or 

• Aching or buming pain along lateral 
thigh (ITB); or 

• Pain along inner thigh or medial groin 
area 

• Pain occurs with weight on the lower 
extremity (e.g., standing, walking, stair 
climbing, sitting-to-standing movement, 
prolonged sitting, occasionally sitting 
with legs crossed) 

• History of a fall or surgery (soft tissue 
damage to gluteal muscles present) 

• Incidence: Infrequent to moderate 

KEY TESTS AND SIGNS 

Standing alignment 

• Hip adduction and medial rotation 

• Habit of standing in hip adduction with 
increased weight bearing on involved 
lower extremity; apparent leg length dis
crepancy (pain on side of high iliac crest> 

• Pain decreases with increased hip lateral 
rotation or gluteal contraction 

Gait 

• Trendelenburg's or antalgic test 

Standing on one leg 

• Hip adduction (drop) 

Ober's test 

• Short TFL-ITB: Observe prominence of 
the greater trochanter if hip is in 
adduction and medial rotation; may be 
painful in patients with lateral thigh pain 

Manual muscle test 

• Weak or weak and painful; lateral 
rotation, gluteus medius, gluteus 
maximus 

Prone hip rotation 

• Increased medial rotation 

Functional mobility 

• Medial rotation associated with gait, 
sitting-to-standing movement, stair 
climbing 

Patients with sciatica 

SUPINE POSITION 

• Hip flexion, adduction, medial rotation: 
May reproduce pain 

SLUMP TEST 

• May be positive 

• Resisted knee flexion (hamstring 
muscles): Negative strong and painless 

Patients with lateral thigh pain 

SUPINE POSITION 

• Hip flexion, abduction, lateral rotation: 
Reproduces pain with limited range; 
range increases and pain decreases if 
repeated 

• Resisted TFL: Weak and painful 

• Palpation of ITB: Tendemess 
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SSOCIATED SIGNS 
mtributing factors> 

Muscle length: Short adductor muscle 

Structural variations: 
Broad pelvis, prominent greater 

trochanter 
Femoral antetorsion, genu valgus, 

ankle pronation, hallux valgus 
Sleeping position is often side-lying 

with hip in medial rotation and 
adduction 

Patients with lateral thigh pain: 
May experience numbness along 

lateral lower leg 
Numbness may be reproduced with 

inversion of the ankle during the 
modified Ober's test 

May experience weakness in 
quadriceps and iliopsoas muscles 

DIFFERENTIAL MOVEMENT 
AND ASSOCIATED DIAGNOSES 

Movement diagnoses 

• low back syndrome with radiating 
symptoms 

• Hip adduction syndrome 

• Hip extension with medial rotation 

• Hip extension with knee extension 

• Femoral lateral glide 

• Hip lateral rotation syndrome 

Associated diagnoses 

• lengthened piriformis 

• Sciatica 

• Hamstring strain 

• Ischiogluteal bursitis 

• ITB fasci itis 

• Gluteal medius strain or tendinopathy 

• Trochanteric bursitis 

• Snapping hip syndrome 

• Superior iliac region dysfunction 

• Obturator intemus strain 

• Adductor strain 

• Posterior facet syndrome 

• Fibromyalgia 

SCREENING FOR POTENTIAL 
MEDICAL DIAGNOSES 
REQUIRING REFERRAL 

• Patients with sciatica: 
Disk herniation 
Stenosis 
Neoplasm 
Diabetic neuropathy 
Megacolon 
Pregnancy 
Staph infection 
Intrapelvic aneurysm 
Abscess 

• Patients with lateral thigh pain: 
Stenosis 

• Patients with medial thigh pain: 
Hip joint pathologic condition (early 

stages osteoarthritis> or avascular 
necrosis 

Stress fracture (pubic symphysis or 
lesser trochanter> 

Iliopsoas abscess 

ITB, Iliotibial band; TFL, tensor fascia lata; 
TFL-ITB, tensor fascia lata- iliotibial band. 
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FEMORAL 
LATERAL 
GLIDE 
SYNDROME 

The movement dysfunction in this 
syndrome is associated with a lateral 
glide or short axis distraction of the 
femoral head. It is usually a progression 
in severity from the hip adduction or 
hip adduction with medial rotation 
syndrome or associated with femoral 
hypermobility syndrome. 

HIP 
EXTENSION 
WITH KNEE 
EXTENSION 

Hamstring strain 

Hip extension is the primary movement 
dysfunction in this syndrome associated 
with a dominance of the hamstring 
muscles over the gluteus maxim us. The 
syndrome may also be associated with 
a dominance of the hamstring muscles 
over the quadriceps during a 
combination of hip extension with knee 
extension. 

SYMPTOMS AND HISTORY 

• Deep hip pain 

• Popping hip 

• Active subluxation by sudden hip 
adduction and medial rotation (may 
have habit of "popping" hip in standing) 

• May report general hyperflexibility 

• Incidence: Moderate to frequent 

• Occurs in dancers or activity with 
excessive stretching (e.g., yoga) 

SYMPTOMS AND HISTORY 

• Pain along ischial tuberosity, in the 
hamstring muscle belly or at the 
insertion 

• May be sudden (i.e., trauma) or insidious 
onset 

• Pain with gait, stairs, running 

• Often occurs with athletes 

KEY TESTS AND SIGNS 

Standing alignment 

• Hip adduction 

Standing on one leg 

• Observe hip adduction and may see 
exaggerated lateral glide 

Side-lying position 

• Greater trochanter appears prominent, 
anterior and distal, compared with the 
greater trochanter of the other hip; 
correct by placing hip in flexion, abduc
tion, lateral rotation position and guidin 
proximal femur into the joint 

Manual muscle test 

• Primary hip abductors and lateral 
rotators are weak 

KEY TESTS AND SIGNS 

Standing alignment 

• Hip extension and knee hyperextensior 

Gait 

• Observe knee hyperextension heelstrik, 
to flat foot 

Resisted test for hamstring in prone 
or end range of straight-leg raise 

• Increased pain (strong and painful or 
weak and painful) 

Passive stretch 

• Hip flexion with knee extension 
(straight-leg raise): Increased pain 

Palpation 

• Point tender on hamstring muscle 
belly-origin or insertion 

Steps up or down 

• Poor knee control (decreased muscle 
performance of quadriceps muscles) 

Prone hip extension and knee 
extended 

• Onset of gluteus maximus after 
initiation of hip extension 

• Weak gluteus maximus with manual 
muscle test 

Functional mobility 

• Stair climbing and sitting-to-standing 
movement: Observe knee back to bod~ 
as the knee is extended with foot fixed 
(hamstring over quadriceps muscles) 
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ASSOCIATED SIGNS 
(contributing factors) 

• Muscle length: 
Lengthened hip abductors 
Lengthened hip lateral rotators 
Short tensor fascia lata-iliotibial band 

• Sleeping position with hip in adduction 
and medial rotation 

• Habit of sitting with legs' crossed 

• Structural variations: 
Broad pelvis, prominent greater 

trochanter 
Femoral antetorsion, genu valgus, 

ankle pronation 
Hallux valgus 

~SOCIATED SIGNS 
(contributing factors) 

Shortened length of hamstrings and 
gastrocnemius muscles 

May observe bruising in hamstring 
muscles 

• Standing alignment: Swayback posture 

• Return from fOlWard bending: Hips 
sway forward; ankles dorsiflex; upper 
body momentum and ankle dorsiflexion 
are used more than gluteus maximus 
and rotation around the hip axis; greater 
rotation around the hip and less about 
the ankles are the ideal 

DIFFERENTIAL MOVEMENT 
AND ASSOCIATED DIAGNOSES 

Movement diagnoses 

• Hip adduction syndrome 

• Hip adduction with medial rotation 
syndrome 

Associated diagnoses 

• Trochanteric bursitis 

• Snapping hip syndrome 

• Hypermobility syndrome 

DIFFERENTIAL MOVEMENT 
AND ASSOCIATED DIAGNOSES 

Movement diagnoses 

• Hip extension with medial rotation 

• Proximal tibiofibular glide syndrome 

• Hip adduction with medial rotation 

• Low back syndrome 

Associated diagnoses 

• Sciatica 

• Hamstrings strain 

• Piriformis syndrome 

• Ischiogluteal bursitis 

SCREENING FOR POTENTIAL 
MEDICAL DIAGNOSES 
REQUIRING REFERRAL 

• Hip joint pathologic conditions (early 
stage of osteoarthritis) or avascular 
necrosis 

• Stress fractures (pubic symphysis, lesser 
trochanter) 

• Iliopsoas abscess 

SCREENING FOR POTENTIAL 
MEDICAL DIAGNOSES 
REQUIRING REFERRAL 

• Patients with sciatica or posterior thigh 
pain: 

Disk herniation 
Stenosis 
Neoplasm 
Diabetic neuropathy 
Megacolon 
Pregnancy 
Staph infection 
Intrapelvic aneurysm 
Abscess 
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HIP 
EXTENSION 
WITH 
MEDIAL 
ROTATION 

Hamstring strain 

Hip extension with medial rotation is 
the primary movement dysfunction in 
this syndrome. The syndrome is also 
associated with recruitment of the 
biceps femoris for hip lateral rotation 
rather than recruitment of the intrinsic 
hip lateral rotator muscles. 

FEMORAL 
HYPOMOBILITY 
SYNDROME 
WITH SUPERIOR 
GLIDE 

Osteoarthritis 

The movement dysfunction in this 
syndrome is associated with a 
decreased hip joint space and 
degenerative changes in the joint and 
surrounding soft tissue. As a result, the 
physiologic motion of the hip is limited 
in a variety of directions, particularly 
flexion. 

SYMPTOMS AND HISTORY 

• Pain along ischial tuberosity in the ham
string muscle belly or at the insertion 

• Insidious onset is often sudden 
(i.e., trauma) 

• Pain with gait, stair climbing, running 

• Occurs most often in athletes, especially 
runners 

SYMPTOMS AND HISTORY 

• Deep hip and groin pain or referred 
pain along inner thigh or medial knee 

• Pain may be constant but varies in 
intensity; associated with weight-bearing 
activities and sitting-to-standing 
movement 

• Pain described as discomfort or ache 

• Stiffness noted after rest or in morning 

• X-ray findings include narrowing of joint 
space 

• Typically occurs in ages 55 and older 

KEY TESTS AND SIGNS 

Standing alignment 

• Hip medial rotation 

Standing on one leg 

• Observe increased hip medial rotation 

Tests for soft tissue differential 
diagnosis 

• Resisted contraction of the hamstring 
muscle is positive for pain when tested 
in prone or supine position (SlR> 
positions 

• Hamstring muscles may be strong or 
weak 

Passive stretching 

• Hip flexion with knee extended (SlR> is 
positive for pain 

Palpation 

• Point tender on hamstring muscle belly, 
origin, or insertion 

• Bruising may appear 

Manual muscle test 

• Weak lateral rotator muscles, posterior 
gluteus medius and maxim us 

KEY TESTS AND SIGNS 

Gait 

• Trendelenburg or antalgic gait; limited 
hip extension during midstance (push 
off); compensatory lateral extension or 
lumbopelvic rotation 

Passive ROM 

• limited in capsular pattem (medial 
rotation and flexion greater than 
extension) 

• Supine position: Hip abduction/lateral 
rotation from flexion is positive for pain 
in groin 

Hip flexor length test 

• Short iliopsoas; rectus femoris, TFl-ITB 

Quadruped position 

• limited hip flexion, observe shift toward 
uninvolved side or pelvic rotation at end 
of hip flexion ROM 

Sitting-to-standing movement 

• Painful if initiated with hip flexion; 
decreased pain if initiated with gluteus 
maxim us 
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SOCIATED SIGNS 
(contributing factors) 

• Muscle length: 
Short hamstring muscles-obselVe hip 
medial rotation with sitting knee 
extension (asymmetrical hamstring 
length) 
Short gastrocnemius 

Standing alignment: 
Knee hyperextension 
Ankle pronation 

Structural variation: 
Femoral antetorsion 
Genu valgus 

SOCIATED SIGNS 
ntributing factors) 

Decreased gluteal definition 

Weakness of lower abdominal and 
posterior gluteus medius and maxim us 
muscles 

Stand with lordosis, anterior pelvic tilt, 
hip joint flexion (may also see pelvic 
rotation) 

Relative flexibility in back and hip 

DIFFERENTIAL MOVEMENT 
AND ASSOCIATED DIAGNOSES 

Movement diagnoses 

• Hip extension with knee extension 

• Hip adduction with medial rotation 

• Tibiofemoral rotation 

• Proximal tibiofibular glide syndrome 

• Low back syndrome 

Associated diagnoses 

• Sciatica 

• Hamstrings strain 

• Lengthened piriformis syndrome 

• Ischiogluteal bursitis 

DIFFERENTIAL MOVEMENT 
AND ASSOCIATED DIAGNOSES 

Movement diagnoses 

• Femoral anterior glide 

• Femoral anterior glide with lateral 
rotation 

• Femoral anterior glide with medial 
rotation 

• Hip adduction syndrome 

• Hip adduction with medial rotation 

• Low back syndrome 

Associated diagnoses 

• Osteoarthritis 

• Degenerative joint disease 

• Adductor strain 

SCREENING FOR POTENTIAL 
MEDICAL DIAGNOSES 
REQUIRING REFERRAL 

• Patients with sciatica or posterior thigh 
pain: 

Disk herniation 
Stenosis 
Neoplasm 
Diabetic neuropathy 
Megacolon 
Pregnancy 
Staph infection 
Intrapelvic aneurysm 
Abscess 

SCREENING FOR POTENTIAL 
MEDICAL DIAGNOSES 
REQUIRING REFERRAL 

• Avascular necrosis 

• Osteoarthritis 

• Stress fractures: 
Greater trochanter 
Proximal medial femur 
Pubic symphysis 

• Spinal cord tumor 

• Ascites 

• Hemophilia (GI bleeding) 

• Aortic aneurysm 

• Ureteral pain 

• Interior oblique avulsion 

• Pubalgia 

• Osteitis pubis 

• Inguinal hernia 

GI, Gastrointestinal; ROM, range of motion; 
SLR, straight-leg raise; TFL-ITB, tensor fascia lata
iliotibial band. 
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, FEMORAL 
ACCESSORY 
HYPERMOBILITY 
SYNDROME 

The movement dysfunction in this 
syndrome is associated with 
degenerative hip ioint disease and 
hypermobility of the hip ioint associated 
with movements of the knee. The 
physiologic motion of the hip is NOT 
limited in a capsular pattern but may 
be associated with early osteoarthritis. 
There is dominance of the thigh 
musculature over the pelvic girdle 
muscles. 

SYMPTOMS AND HISTORY 

• Deep hip and groin pain associated with 
weight-bearing activities (e.g., standing, 
walking, running) 

• Increased pain when sitting on a soft 
couch 

• Childhood history of lower extremity 
structural problems 

• Often occurs in: High level athletes or 
fitness training 

• X-ray: may show early degenerative 
joint disease of hip joint 

KEY TESTS AND SIGNS 

Appearance 

• Hypertrophied quadriceps and 
hamstring muscles 

Standing on one leg 

• Observe medial rotation 

• Passive and active SLR: See antero
medial deviation of PICR (greater 
trochanter); may be painful 

• Passive: If posteroinferior glide is 
applied at the inguinal crease, stiffness is 
evident and the range of pain-free 
flexion increases. 

• Place at end range, ask patient to hold; 
observe anterior glide 

Prone knee flexion 

• Lateral rotation of femur associated with 
passive knee flexion (monitored at the 
trochanter) 

• Distraction of the femur decreases lateral 
rotation during knee flexion 

Prone hip lateral rotation 

• Observe impaired axis of rotation 
(greater trochanter moves through wide 
arC>; correction of wide arc, ROM 
decreases 

Manual muscle test 

• Weak posterior gluteus medius and 
maximus, lateral rotator, and iliopsoas 
muscles 

• Sitting knee extension: Observe medial 
rotation (monitored at proximal thigh) 
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ASSOCIATED SIGNS 
<Contributing factors) 

• Standing alignment: Knee 
hyperextended 

May appear to have increased length of 
hip flexors in length test 

• Quadruped position: Increased hip 
flexion 

• Gait: Trendelenburg's or antalgic test 

Knee hyperextension noted from initial 
contact to midstance 

DIFFERENTIAL MOVEMENT 
AND ASSOCIATED DIAGNOSES 

Movement diagnoses 

• Femoral anterior glide 

• Femoral anterior glide with lateral 
rotation 

• Femoral anterior glide with medial 
rotation 

• Femoral hypomobility 

• Hip adduction syndrome 

• Hip adduction with medial rotation 

• Femoral lateral glide syndrome 

• low back syndrome 

Associated diagnoses 

• Osteoarthritis 

• Degenerative joint disease (early) 

• labral tear 

CHAPTER FOUR APPENDLX 

SCREENING FOR POTENTIAL 
MEDICAL DIAGNOSES 
REQUIRING REFERRAL 

• Avascular necrosis 

• Osteoarthritis (early stages) 

• Stress fractures: 
Greater trochanter 
Proximal medial femur 
Pubic symphysis 

• Spinal cord tumor 

• Ascites 

• Hemophilia (GI bleeding) 

• Aortic aneurysm 

• Ureteral pain 

• Interior oblique avulsion 

• Pubalgia 

• Osteitis pubis 

• Inguinal hernia 

PIeR, Path of the instant center of rotation; 
ROM, range of motion; SLR, straight-leg raise. 
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HIP LATERAL 
ROTATION 
SYNDROME 

Shortened piriformis 

Shortened muscle compresses the 
sciatic nelVe (entrapment syndrome of 
sciatic nelVe). 

SYMPTOMS AND HISTORY 

• Pain along sciatic nerve distribution that 
begins at gluteal fold (no back pain) 

• Pain is worse with standing and walking 
than it is with sitting 

• Incidence: Moderate to frequent 

• Male golfers 

KEY TESTS AND SIGNS 

Standing alignment 

• Hip lateral rotation: May have reduced 
lumbar curve, posterior pelvic tilt, or hip 
joint extension 

• If apparent leg-length discrepancy, pain 
is experienced on side of lower iliac 
crest (may also be true for lower back 
pain with radiculopathy) 

• Pain may be relieved by increased 
lateral rotation in standing or walking 

• Hip flexion, adduction, medial rotation: 
Reproduces pain 

Prone position 

• Hip rotation: Limited medial rotation 

• Palpation: Tendemess in buttocks 

• Resisted testing: Hamstring muscles 
(strong and painless) 

Quadruped position 

• Alignment: Involved hip angle is less 
than 90 degrees or in lateral rotation or 
abduction 

• Functional mobility: Lateral rotation 
associated with sitting-to-standing 
movement, gait, stair climbing 
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ASSOCIATED SIGNS 
(contributing factors) 

• Decreased range of hip flexion 

• May have a positive slump test 

• Weak or long iliopsoas muscles 

• Short hamstrings muscles 

• Resisted lateral rotation may reproduce 
symptoms 

• Habit of sitting with legs crossed (foot 
on thigh) 

• Structural variation: Femoral 
retroversion 

DIFFERENTIAL MOVEMENT 
AND ASSOCIATED DIAGNOSES 

Movement diagnoses 

• Low back syndrome 

• Hip adduction with medial rotation 

• Hip extension with knee extension 

Associated diagnoses 

• Sciatica 

• Hamstring muscle strain 

• Piriformis syndrome <shortened) 

SCREENING FOR POTENTIAL 
MEDICAL DIAGNOSES 
REQUIRING REFERRAL 

• Disk herniation 

• Stenosis 

• Neoplasm 

• Diabetic neuropathy 

• Megacolon 

• Pregnancy 

• Staph infection 

• Intrapelvic aneurysm 

• Abscess 
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Normal Alignment of the Shoulder Girdle 

Motions of the Shoulder Girdle 

Muscular Actions of the Shoulder Girdle 

Movement Impairment Syndromes of the Scapula 

Relationship Between Alignment and Movement 

Criteria for the Diagnosis of a Scapular Syndrome 

Scapular Syndromes in Observed Frequency 

Movement Impairment Syndromes of the Humerus 

Relationships Between Alignment and Movement 

Criteria for a Diagnosis of a Humeral Syndrome 

Order of Observed Frequency of Humeral Syndromes 

After considering the information presented in this chapter, the 

reader will be able to: 

1. Describe kinesiology of the musculature of the shoulder 

girdle with emphasis on the counterbalancing actions of 

muscles and their roles in the force-couples that control 

shoulder motion. 

2. Identify the characteristics of each movement impairment 

syndrome of the scapulothoracic and glenohumeral joints. 

In treating the patient with shoulder pain, the reader will be able to: 

1. Perform an examination, consider the contributing factors, 

and establish the diagnoses, both primary and secondary, if 

indicated. 

2. Develop and instruct the patient in a diagnosis-specific treat

ment program and modification of life's activities, which 

contribute to the formation of the movement impairment 

syndrome. 

Intro~uctjon 

The premise of this approach, which diagnoses and 
manages musculoskeletal pain problems, is that minor 
alterations in the precision of movement cause micro
trauma and, if allowed to continue, will cause macro
trauma and pain. These alterations in the precision of 
movement result in the development of compensatory 
movements that occur in specific directions and can be 
categorized as movement impairments. The contribut
ing factors to these movement impairments are 
changes in muscle length, strength, stiffness, and pat
terns of participation that arise from repeated move
ments and sustained postures. 

The purpose of the examination is to identify the 
movement impairments and the contributing factors. 
This information leads to a diagnosis that directs 
treatment. 

The therapeutic exercises and the correction of the 
movement patterns used to perform daily activities 
become the means to remedy the identified movement 
impairments. The observation of the movement charac
teristics and their effect on symptoms are the primary 
guides to the diagnosis and treatment of the movement 
impairments. If symptoms are associated with the 
impairment, the correction of the movement will allevi
ate the symptoms. For example, increasing the amount 
of lateral humeral rotation during shoulder flexion/ele
vation often eliminates the shoulder pain caused by one 
form of impingement. Because the scapula plays a criti
cal role in controlling the position of the glenoid, rela
tively small changes in the action of thoracoscapular 
muscles can affect the alignment and forces involved in 
movement around the glenohumeraljoint.31,32 Clinically 
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based observations suggest that most syndromes 
involving the shoulder arise from impairments in the 
timing and control of scapular motion. 

Specific pain problems ofthe muscles and tendons 
arise from repeated movements that have altered their 
normal patterns rather than from a single episode of 
isolated stress placed on the specific painful tissue. For 
example, supraspinatus tendinitis or tendinopathy is a 
common pain problem that is attributed to overuse or 
to impingement from altered biomechanics of the 
shoulder, rather than from using the arm excessively 
on a particular occasion. Supraspinatus tendinopathy 
can begin as vascular insufficiency in the "critical zone" 
of the tendon.26 Tendinopathy refers to the whole 
range of painful conditions caused by overuse of the 
tendon. Tendinopathy is the preferred term to desig
nate a condition such as tendinitis because most 
painful tendon conditions result from tendinosis, 
which has a different pathology than tendinitis and a 
longer healing time than the 1 to 2 weeks of tendinitis. 13 
Tendinopathy can be the result of mechanical impinge
ment, compression of the rotator cuff by its surround
ing local anatomic structures,18 damage of the under
surface of the cuff muscles,17 or the overuse of the 
muscle during movement. Neer was the first to catego
rize impingement syndromes into either outlet or non
outlet. Outlet impingement resulted from damage to 
the cuff from contact with the structures of the cora
coacromial arch, whereas non-outlet impingement 
occurs when there is a normal supraspinatus outlet. 22 

Jobe and colleagues suggest that outlet syndromes 
occur in individuals who are over 35 years of age and 
nonoutlet syndromes in those younger than 35 years of 
age and who participate in sports requiring overhead 
activities. In non-outlet syndrome, hyperangulation of 
the humerus that causes stretching of the anterior 
shoulder structures is a precipitating factor. 17 

Inadequate upward rotation of the scapula during 
shoulder flexion causes impingement if the patient per
forms 180 degrees of flexion, with the scapula only 
accounting for 45 degrees rather than the desired 60 
degrees of upward rotation. If the participation of the 
other humeral depressors is insufficient, the result 
could be overuse of the supraspinatus muscle. If the 
teres minor, infraspinatus, or subscapularis muscles do 
not generate sufficient tension during shoulder flexion 
and abduction, the demand on the supraspinatus mus
cle to exert an inferior pull on the humeral head to 
counterbalance the compressive force by the deltoid 
muscle is increased. 

Neer was the first to describe a continuum of 
shoulder problems that begins with impingement and 
progresses to rotator cuff tears.20 The limited subacro
mial space combined with the development of relative
ly small imbalances in muscle control of the scapula 

and humerus can lead to a wide range of soft tissue and 
even osseous changes. Other investigators have 
described the self-perpetuating cycle that can develop 
when the humeral depressor mechanism is dysfunc
tional. 19 The premise that underlies movement impair
ment concepts is that this continuum arises from alter
ations in the control of scapular and humeral motions 
because of the changes in neuromuscular components 
that result from repeated use. This chapter emphasizes 
the need to identify the movement impairments and the 
component impairments that, when analyzed, form the 
basis of the diagnosis. Identifying these factors 
requires careful examination and testing. Remediation 
requires the appropriate selection of and instruction in 
the therapeutic exercises that will result in correction 
of the movement impairments. 

The key elements of the examination are assess
ment of alignment, movement patterns, and specific 
tests of muscle length and strength. Normal and 
impaired alignment, movement patterns, and muscle 
length tests are presented as guidelines for the perfor
mance of the examination that is required to establish 
a diagnosis. 

Norma [ A[ifjnment of tbe Sbou[3er GiroCe 
Alignment is an indicator of possible muscle length 
changes and of the joint alignments that need to be 
corrected to allow for optimal motion. For example, if 
the patient has medially rotated shoulders, when 
shoulder abduction is being performed, a greater 
amount of lateral rotation must occur during the 
motion than if the starting alignment was more neu
tral. If the humerus does not rotate enough to correct 
for the impaired initial alignment, the greater tuberos
ity of the humerus can impinge against the cora
coacromialligament. Similarly, if the scapula is down
wardly rotated at rest, then the amount of upward 
rotation must be more than the optimal 60 degrees to 
correct for the faulty starting position. Most often, the 
impairments that allow or create the alignment faults 
are the ones that interfere with achieving optimal 
movement. For example, if the rhomboid muscles are 
short contributing to postural downward rotation of 
the scapula, then during shoulder flexion the shortness 
of the rhomboid muscles will interfere with optimal 
upward rotation. Deviations in alignment are those 
that differ from the ideal postural standard. 

Shoulders 
Normal Alignment 
The shoulders should be positioned slightly below the 
horizontal axis through Tl in the front or back view. In 
the side view, the plumb line should bisect the 
acromion. 
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Impaired Alignment 
The impairments of shoulder alignment are discussed 
in greater detail in the scapula section because scapu
lar alignment determines shoulder position. 

• Elevated. The neck appears to be short and the 
shoulders appear to be closer to the ears than 
ideal (Figure 5-1). Clarification of the anatomic 
reference point used to assess shoulder position 
is important because of the variation in muscle 
impairments associated with different scapular 
positions. The reference points for observation 
of shoulder height are discussed in the scapula 
section. 

• Depressed. The clavicles appear to be horizontal 
or the acromioclavicular joint is lower than the 
sternoclavicular joint (Figure 5-2). The superior 
angle of the scapula is lower than T2. 

• Forward. When viewing the entire shoulder girdle, 
the tip of the shoulder at the acromion can appear 
to be forward because of several possible 
impaired scapular positions. In the forward shoul
der position, the scapula can be abducted, tilted, 
or moved in a combination of these positions. 
Because each of these impaired scapular positions 
is associated with different muscle imbalances 
and requires different management, they are dis
cussed in relation to the alignment of the scapula. 

Elevated shoulders. A, The shoulders may appear elevated if the 
superior angle of the scapula is elevated with depression of the 
acromion. B, The entire scapula is elevated including the acromion, 
which causes the appearance of a short neck. (From Kendall et al: 
Muscles: testing and function, ed 4, Baltimore, 1993, Williams 8. Wilkins.) 
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Scapula 
Normal Alignment 
The vertebral border of the scapula is parallel to the 
spine and is positioned approximately 3 inches from 
the midline of the thorax.28 It is situated on the thorax 
between the second and seventh thoracic vertebrae. 
The scapula is flat against the thorax and is rotated 30 
degrees anterior to the frontal plane. 

Impaired Alignment 
• Downwardly rotated. The inferior angle of the 

scapula is medial to the root of the spine of the 
scapula rather than the vertebral border being par
allel to the spine (Figure 5-3). Most often, the lev
ator scapula muscle and rhomboid muscles are 
short and the upper trapezius muscle is long. The 
serratus anterior muscle may also be long. This is 

Depressed shoulders. A, The superior angle of the scapula is posi
tioned below T2, which causes the patient to appear to have a long 
neck. B, In the front view, the clavicle appears horizontal or the acromio
clavicular joint is lower than the stemoclavicular joint. 
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one of the most common alignment impairments 
in individuals with shoulder pain. 

• Depressed. The superior border of the scapula is 
positioned lower than the second and seventh tho
racic vertebral landmarks (see Figure 5-2). This pos
tural position infers that the upper trapezius muscle 
is long. Muscles that may contribute to this 
depressed position are the pectoralis major and the 
latissimus dorsi muscles. This alignment is also 
common in patients with shoulder pain. A postural 
alignment of depression that is not corrected during 
shoulder flexion and abduction contributes to stress 
at the glenohumeral and acromioclavicular joints. 

• Elevated. The elevation of the superior angle of 
the scapula, but not the acromion, suggests that 
the levator scapula muscle is short (see Figure 
5-1). The elevation of the entire scapula, including 
the acromion, infers that the upper trapezius mus
cle is short. In this condition the lateral portion of 
the clavicle appears notably higher than the medi
al portion. If the levator scapula, rhomboid, and 
upper trapezius muscles are all short, then the 
entire spine of the scapula will appear higher and 
will be positioned closer to the seventh cervical 

Downwardly rotated scapula. The thoracic kyphosis contributes to 
this alignment of the scapula. 

vertebra than to the second thoracic vertebra and 
the scapula may also appear adducted. 

• Adducted. The vertebral border of the scapula is 
less than 3 inches from the midline of the thorax 
(Figure 5-4). The rhomboid and the trapezius mus-

A 

Adducted scapula. A The vertebral border of the scapula is less than 
3 inches from the vertebral spine. At the completion of shoulder flexion, 
the scapulae are more adducted than the optimum. B, The scapulae are 
adducted at rest and remain adducted even when the shoulders are 
abducted to 90 degrees. 
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cles may be short while the serratus anterior mus
cle is long. 

• Abducted. The vertebral border of the scapula is 
more than 3 inches from the midline of the thorax 
(Figure 5-5). When the scapula is abducted, it is 
also rotated more than 30 degrees anterior to the 
frontal plane. When the scapula is abducted and 
rotated anteriorly, the glenoid will face anteriorly 
and the humerus will appear medially rotated. 
The medial rotation of the humerus in this condi
tion should not be corrected because the orienta
tion of the humerus in the glenoid is correct. 
When the patient adducts his or her scapula, the 
humeral position will be correct and appears nor
mal. In the abducted-rotated scapular alignment, 
if the humeral position appears correct with the 
cubital fossa facing anteriorly, the actual align
ment is one of lateral rotation. Often specific 
examination of the length of the lateral rotators 
indicates that they are short. The most common 
cause of the abducted-rotated scapular position is 
shortness of the serratus anterior and/or the pec
toralis major muscles. 

Abducted forward shoulders. A In the side view the shoulder joint 
appears forward of the midline of the body. B, In the back view the 
shoulders also appear forward and the hands are forward of the hips. 

• Tilted or tipped. The inferior angle protrudes 
away from the rib cage (Figure 5-6). Most often, 
this alignment is associated with shortness of the 
pectoralis minor muscle. Another cause of the tilt
ed alignment is shortness of the biceps brachii 
muscle, the short head attaches to the coracoid 
process or to the anterior deltoid muscles or to 
both. If the biceps brachii muscle is short, then the 
elbow will flex when the scapular alignment is cor
rected. If the elbow is passively flexed while the 
scapula is held in the corrected position, then the 
shoulder will extend if the biceps brachii muscle is 
the source of the tilted scapula. If the shoulder 
remains flexed, then the most likely source of the 
tipped shoulder is the anterior deltoid muscle 
and/or the coracobrachialis muscle. 

• Depressed and tilted. The scapula is depressed as 
described previously, but the scapula is also ante
riorly tilted. 

• Abducted and tilted. This alignment is the combi
nation of the conditions of abduction and tilted, 
each of which has been described previously. 

• Winged. The vertebral border protrudes posteri
orly from the thorax (Figure 5-7). This alignment 
is often associated with weakness of the serratus 
anterior muscle. Other alignment impairments 
that can contribute to the appearance of winged 
scapula include a flat thoracic spine, a rounded 

Tilted scapula. A The inferior angle of the scapula protrudes from the 
thorax and the coracoid process tilts anteriorly The increased curvature 
of the thoracic spine contributes to the anterior tilt of the scapula. B, In 
the supine position, the forward position of the scapula is associated 
with shortness of the pectoralis minor muscle. 
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Winged scapula. A The vertebral border protrudes from the thorax rather than lying flat. B, In the supine 
position during shoulder medial rotation when the scapula motion is prevented, the shortness of the lateral 
rotator muscles does not permit shoulder medial rotation. C; Scapulae appear to be in the winging position 
at rest. 0, During shoulder medial rotation, shortness of the scapulohumeral muscles is contributing to wing
ing of the scapulae. 

back, or scoliosis. In scoliosis, the scapulae 
appear notably asymmetrical in their alignment. 
When the subscapularis is hypertrophied, the 
scapulae will appear to be winged because the 
vertebral borders of the scapulae are prominent. 
However, they are not actually rotated in the 
frontal plane but are no longer flat on the thorax. 
Careful examination of the scapula indicates that 
the entire scapula is protruding from the thorax 
and not just from the vertebral border. This con
dition is seen most often in patients who regular
ly perform chin-up exercises or wall-climbing 
activities. 

• Upwardly rotated. The root of the spine of the 
scapula is medial to the inferior angle. The muscle 
most likely to be short is the trapezius muscle. 

Humerus 
Normal Alignment 
There should be less than one third of the humeral 
head protruding in front of the acromion. Neutral 
rotation should be present so that the antecubital 
crease faces anteriorly and the olecranon faces poste
riorly, with the palm of the hand facing the body. In 
some cases, the palm of the hand may face posterior
ly without the olecranon facing posteriorly. Most 
often this condition is the result of short finger flexor 
muscles (Figure 5-8). The proximal and distal ends of 
the humerus should be in the same vertical plane 
when viewed from the side, the front, or the back. As 
discussed previously, the scapula must be in ideal 
alignment when properly assessing the glenohumeral 
joint position. 
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Humerus neutral rotation with forearm pronated. The position of 
the olecranon is neutral, thus the shoulder is not medially rotated, 
although the palm of the hand is facing posteriorly. This alignment is 
frequently associated with short finger flexor muscles. 

Impaired Alignment 
• Anterior. More than one third of the humeral head 

is positioned anterior to the acromion (Figure 
5-9). 

• Superior. The humeral head appears superior in 
relation to the acromion. 

• Abducted. The distal part of the humerus is away 
from the side of the body, or the scapula is down
wardly rotated or depressed (Figure 5-10). 

• Rotated medially. The cubital fossa faces medial
ly, the olecranon faces laterally, and often the palm 
of the hand faces posteriorly. As discussed previ
ously the position of the scapula must be assessed 
for accurate assessment of humeral rotation. 

• Rotated laterally. Lateral rotation of the humerus 
is not common except when the scapula is abduct
ed and the humerus appears to be in the correct 
alignment (Figure 5-11). 

• Flexion/extension. With flexion of the humerus, 
the distal aspect of the humerus is anterior to the 
proximal aspect of the humerus. With extension of 
the humerus, the distal end of the humerus is pos
terior to the proximal end of the humerus, which 
may also be associated with anterior position of 
the humeral head. The position of the humerus 
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must be assessed in relation to the position of the 
scapula. What appears to be the correct alignment 
can be impaired depending on the position of the 
scapula, and vice versa. 

Thoracic Spine 
Normal Alignment 
There should be a slight posterior curve of the thoracic 
vertebrae. 

Impaired Alignment 
• Kyphosis. There is increased outward (posterior

ly orientated) curve or flexion of the thoracic 
spine (Figure 5-12). 

• Scoliosis. Kyphosis and rotation of the spine with 
a rib hump that often results in malalignment of 
the scapula. When the alignment of the scapulae 
are markedly different, scoliosis is the most com
mon cause. If a rib hump causes the scapula to 
wing, the patient should not be encouraged to cor
rect the alignment by sustained contraction of the 
scapular adductors. The resulting shortness of the 
adductors restricts the abduction and upward 
rotation of the scapula and can lead to impinge
ment, rotator cuff tears, and neck pain. The neck 
pain occurs because of the additional stress exert
ed on the cervical spine by contraction of the 
upper trapezius muscle in its role as an upward 
rotator of the scapula. 

• Flat. The loss of the normal outward curve result
ing in a straight or flat thoracic spine. A flat tho
racic spine makes the scapula appear to be 
winged. 

Motion" of the shou[oer Girofe 
Glossary of Scapular Motions14 

The following definitions are described to ensure com
monality in understanding the segmental movements 
upon which the syndromes are based (Figure 5-13). 

• Rotation, lateral or upward, is movement about a 
sagittal axis in which the inferior angle moves lat
erally and the glenoid cavity moves cranially. 

• Rotation, medial or downward, is movement 
about a sagittal axis in which the inferior angle 
moves medially and the glenoid cavity moves 
caUdally. 

• Elevation is a gliding movement in which the 
scapula moves cranially, as in shrugging the 
shoulder. 

• Depression is a gliding movement in which the 
scapula moves caudally and is the reverse of ele
vation and anterior tilt. 
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Humerus anterior of acromion. A More than one third of the humeral head is anterior of the acromion. On 
the right, the distal humerus is posterior to the proximal humerus. B, The left humeral head is not as anterior, 
and the distal humerus is more in line with the proximal humerus. C The posterior view indicates that the left 
shoulder is abducted and medially rotated, which contributes to the proximal end of the humerus being 
aligned with the distal end. 0, The anterior position of the humerus is shown. E, The anterior position of the 
humerus is exaggerated and demonstrated by the way the patient is stabilizing her body. F, The right humeral 
head appears anterior and superior. G, The left humeral head is less anterior and superior than the right. 
H, Shoulder extension, as occurs during walking, can contribute to further anterior glide of the humeral head. 
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A B 

Humerus abducted and medially rotated. The humerus is away 
from the side of the body rather than lying parallel to the thorax. The 
olecranon faces laterally (A) and the cubital fossa faces medially (BJ. The 
left shoulder is more abducted and medially rotated than the right. If 
the shoulder is depressed, the glenohumeral joint alignment is abducted. 

A 

B 

• Adduction is a gliding movement in which the 
scapula moves toward the vertebral column. 

• Abduction is a gliding movement in which the 
scapula moves away from the vertebral column 
and into full abduction, following the contour 
of the thorax until it assumes a posterolateral 
position. 

• Anterior tilt is a movement about the coronal axis 
in which the coracoid process moves in an anteri
or and caudal direction. The coracoid process may 
be said to be depressed anteriorly. 

• Winging occurs around the vertical axis at the 
acromioclavicular joint. The vertebral border of 
the scapula moves away from the thorax, and the 
glenoid fossa moves anteriorly. This motion 
occurs to maintain the contact of the scapula with 
the curve of the thorax as the scapula slides 
(glides) around the thorax into abduction or 
adduction. The movement becomes abnormal 
when the motion of the vertebral border of the 
scapula away from the thorax becomes obvious.24 

Shoulder Girdle Movement Patterns 
The key observations for assessing the optimal perfor
mance of shoulder girdle movement are as follows: 

• Starting alignment. As discussed previously, if 
the scapula and humerus are not in the correct 
starting position, then during movement these 
faults must be corrected. For example, if the 

Pif1!re .5 -II 

Laterally rotated humerus. A It is uncommon to 
have the olecranon face medially in the resting posi
tion, but if the scapula is markedly abducted and 
the olecranon faces posteriorly, the humerus is actu
ally laterally rotated. B, The lateral rotator muscles 
are short, which is consistent with a slight laterally 
rotated position of the humerus. 
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scapula is downwardly rotated, then during shoul
der flexion the amount of upward rotation must be 
greater than the normal 60 degrees to compensate 
for the faulty starting position. 

• Scapulohumeral rhythm. During the first 60 
degrees of shoulder flexion and 30 degrees of 
abduction the movement of the scapula is highly 
variable. Inman and Saunders termed this the set
ting phase. 10 After the setting phase the humerus 
and scapula move in a constant ratio. A ratio of 2 
degrees of glenohumeral motion for 1 degree of 
scapulothoracic motion results in 120 degrees of 
glenohumeral joint motion and 60 degrees of scapu
lar motion at the completion of shoulder flexion 
(Figure 5-14). More recent studies have reported 
some variability in the exact timing of that 
motion.2,6,7 In analyzing patients who have pain, 
comparing one shoulder with the other provides a 
reference point to guide the examiner in making a 
decision as to whether the movement is impaired or 
just a normal variation. Observations of deviations 
in timing and range of scapular motion combined 
with the timing of the onset of pain and identifica
tion of impairments of muscle performance further 
guide decisions regarding the importance of the 
deviations. 

-12. 

Thoracic kyphosis. Increased outward curve of the thoracic spine. 

• Timing and range of scapular motion. During 
flexion the scapula will often stop its movement 
when the shoulder is flexed to about 140 degrees; 
the rest of the motion occurs ahnost entirely at 
the glenohumeral joint. Placing the thumb and 
first finger on the inferior angle of the scapula and 
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Motions of the scapula. (From Kendall et al: Muscles: testing and func
tion, ed 4, Baltimore, 1993, Williams 8. Wilkins.> 
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Scapulohumeral rhythm. The scapula moves 1 degree for 2 degrees of 
humeral motion. On completion of shoulder flexion, the glenohumeral 
joint motion is 120 degrees and the scapulothoracic motion is 60 degrees. 
(From Calliet R: Shoulder pain, ed 2, Philadelphia, 1981 , FA Davis.> 
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following the motion of the scapula while observ
ing the humerus is a good way to assess the 
movement pattern. Comparing one side with the 
other during unilateral and bilateral motion is 
also helpful. 
Upon the completion of flexion, the inferior angle 

of the scapula should be close to the midline of the tho
rax and the vertebral border of the scapula should be 
rotated 60 degrees (Figure 5-15). The inferior angle 
should not be forward of this line, nor should it pro
trude laterally more than 1/2 inch in full glenohumeral 
joint flexion or abduction. The movement of the inferi
or angle beyond the midline or the protrusion of the 
scapula laterally beyond the thorax indicates excessive 
scapular abduction (Figure 5-16). 

• Scapular winging. The scapula should not wing 
during arm movement, either during the flexion/ 
abduction phase or during the return from flex
ion/abduction phase (Figures 5-17 and 5-18). 

c 

Scapular position at completion of shoulder flexion. A, Inferior 
angle of scapula is posterior to the midaxillary line. B, Scapula is not 
upwardly rotated 60 degrees. C The inferior angle of the scapula is not 
positioned correctly on the lateral thorax. 

Excessive scapular abduction on completion of shoulder flexion. 
A, D, The inferior angle protrudes more than '/2 inch lateral of the side 
of the thorax. B, E, Correcting the scapular position decreases the range 
of shoulder flexion, indicating the scapulohumeral muscles are short. 
C F, Medial rotation of the humerus increases the range of shoulder 
flexion, which indicates the teres major muscle is short. 
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Winging of the scapula during shoulder flexion. A, During shoul
der flexion the vertebral border of the scapula protrudes from the poste
rior aspect of the thorax because the scapulohumeral muscles are short. 
The axioscapular muscles are not providing adequate control to prevent 
the winging. B, Scapular winging, depression, and downward rotation is 
demonstrated. C During shoulder flexion, the scapula wings and 
abducts excessively. 

Scapular winging during return from shoulder flexion. A, Scapula does 
not wing during shoulder flexion. B, Scapula wings during the retum 
from shoulder flexion, suggesting that timing of muscle relaxation, not 
of muscle strength, is the problem. 

• Scapular elevation. There should be some eleva
tion of the shoulder (as in the shrugging motion), 
but it should not be excessive during the flexion! 
abduction phase. If the shoulder is depressed at 
rest, then elevation of the scapula is particularly 
important. 

• End of the range. The scapula should slightly 
depress, posteriorly tilt, and adduct to complete 
the motion of 180 degrees . . The presence of a 
kyphosis or shortness of the pectoralis minor mus
cle can impede this depression (Figure 5-19). 

• Humeral head. The axis of rotation of the humer
al head should stay relatively constant so that it is 
centered in the glenoid throughout the motion 
(Figure 5-20). Therefore the scapulohumeral mus
cles that depress the head of the humerus must 
offset the strong upward pull of the deltoid muscle 
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Thoracic kyphosis interfering with scapular motion during shoul
der flexion. A The thoracic kyphosis is evident in the side view. 
B, Inadequate upward rotation and adduction of scapula at the comple
tion of shoulder flexion is demonstrated. The scapula cannot adduct 
because it must follow the contour of the rib cage. 

and must laterally rotate the humerus to prevent 
the greater tuberosity from impinging on the cora
co acromial ligament or the acromion (Figure 
5-21). If the pectoralis major and latissimus dorsi 
muscles depress the head of the humerus, they 
will also medially rotate it and can alter the timing 
of humeral motion with the scapula and the posi
tion of the humerus relative to the glenoid. 

• Spine. Minimal movement of the spine should 
occur during full abduction or flexion of the shoul
der. If the thoracic spine is kyphotic, the scapula 
will be tilted anteriorly by the convexity of the ribs, 
thus limiting the apparent range of shoulder flex
ion. Decreasing the degree of the thoracic kyphosis 
will improve the range of shoulder flexion. 

1m! 5-2.0 

Depression and lateral rotation of the humeral head during shoulder 
flexion. (From Calliet R: Shoulder pain, ed 2, Philadelphia, 1981, FA 
Davis.> 

The rotator cuff muscles exert a downward pull on the humeral head 
during shoulder flexion. The infraspinatus and teres minor muscles also 
laterally rotate the humerus during shoulder flexion . (From Calliet R: 
Shoulder pain, ed 2, Philadelphia, 1981, FA Davis.> 

• Test for rhomboid dominance. When the patient 
has his arms at his sides with the elbows flexed 
and is instructed to perform shoulder lateral rota
tion, the scapula should not adduct, particularly 
during the first 35 degrees of the motion (Figure 
5-22). Adduction of the scapula is interpreted as a 
sign of rhomboid dominance and poor control of 
glenohumeral lateral rotation. The desired motion 
is one in which the humerus is rotating in the 
glenoid about a vertical axis. The humeral head 
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should not move anteriorly or superiorly; nor 
should the arm extend. These faulty movements of 
the humeral head demonstrate dominance of the 
posterior deltoid muscle over the infraspinatus 
and teres minor muscles. 

MUiJcu[ar ActioniJ of the shou[~er GirMe 

Movement impairments are deviations from the ideal 
kinesiologic pattern of motion. The deviation is an 
alteration of the normal counterbalancing action of 
muscular synergists. Often the assessment of the align
ment of the shoulder girdle at rest indicates the pres
ence of muscle impairments, which can be associated 
with movement impairments. This section reviews the 
important shoulder girdle muscles and their actions 
with an emphasis on their counterbalancing effects. 
This review is not intended to be a detailed anatomic 
description but to focus on the counterbalancing 
actions of muscles. Alterations in the counterbalancing 
actions are a major factor in the development of move
ment impairment syndromes. 

The muscle is described under a group designation 
determined by the muscle attachments. The groups dis
cussed are the thoracoscapular, thoracohumeral, and 

scapulohumeral muscles. Based on the kinesiology of 
shoulder motion, the thoracoscapular muscles must 
move the scapula correctly for the scapulohumeral 
muscles to provide optimal control of the humerus and 
to maintain an optimal relationship of the glenoid and 
the humeral head. Alteration in the actions of the thora
cohumeral muscles can be a major source of movement 
impairment because of the large size of these muscles 
and their direct attachment to the humerus. 

Thoracoscapular Muscles 
The correct length, strength, and pattern of participa
tion of the muscles attaching to the thorax and to the 
scapula are important. The thoracoscapular muscles 
are responsible for the movement of the scapula, which 
must maintain an optimal relationship with the 
humerus to minimize abnormal stresses at the gleno
humeral joint. A key to optimal glenohumeral joint 
motion is that the head of the humerus remains cen
tered in relationship to the glenoid as motion occurs 
at the shoulder joint. The path of the instantaneous 
center of rotation (PIeR) of the humerus in the glenoid 
defines motion in the glenoid (see Figure 5-20). This 
requires relatively precise timing of the muscles that 
produce scapular motion. The force couple action of 

Rhomboid muscle dominance. A In the starting position for shoulder lateral rotation, rhomboid muscle 
definition is evident. B, Instead of shoulder lateral rotation, the patient adducts the scapula. C Without scapu
lar adduction, the lateral rotation range of motion appears to be decreased. 
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the trapezius and serratus anterior muscles must be 
carefully assessed because this action is a key to 
motion of the scapula (Figure 5-23). Alterations in the 
relative participation of these muscles or restriction of 
motion by their antagonists disrupt the pattern of 
movement. Because shoulder motion does not involve 
true reciprocal muscular activity, most of the thora
co scapular muscles are active during shoulder motion 
although they have antagonistic actions. 

Alteration in the dominance or the length of any 
one muscle can compromise the muscle balance. 
Understanding the synergistic and antagonistic actions 
of these muscles is essential for the analysis of shoul
der girdle motion. Impairments in alignment observed 
in the resting position are manifested as muscle 
impairments during movement. Knowledge of the 
anatomy of the thoracoscapular muscles provides the 
examiner with the basic information necessary to ana
lyze muscle length and movement faults. Based on 
clinical experience, the author believes that most 
patients with shoulder pain develop their condi tion as 
a result oj movement impairments oj the scapula, 
which has disrupted the relationship between the 
humerus and the glenoid. This disruption causes alter
ations in the accessory motions of the humerus, par
ticularly anterior and superior glide. 

Level of -
7th rib 

D 

Scapular force couple. The upper and lower trapezius muscles are 
one component of the force couple acting to rotate the scapula upward
ly. The serratus anterior muscle is the other component. The adduction 
action of the trapezius is counterbalanced by the abduction action of the 
serratus anterior muscle. (Adapted from Calliet R: Shoulder pain, ed 2, 
Philadelphia, 1981 , FA Davis.> 

The trapezius muscle (Figure 5-24) adducts and 
upwardly (laterally) rotates the scapula. The upper 
trapezius muscle elevates the scapula, whereas the 
lower trapezius muscle depresses the scapula. The 
trapezius muscle attaches to the acromion and clavicle. 
When the upper trapezius muscle is short and the 
shoulder girdle is posturally elevated, the entire shoul
der, including the distal end of the acromion, should be 
elevated. When the upper trapezius muscle is long, the 
shoulder is depressed (see Figure 5-2). If the scapula 
fails to elevate during shoulder flexion or abduction, 
the action of the upper trapezius muscle is considered 
to be insufficient. 

The upper trapezius muscle, through its attach
ment to the ligamentum nuchae, can affect the cervical 
spine. An impairment is present if monitoring the 
spinous processes of the cervical vertebrae while the 
patient with neck pain flexes the shoulder indicates 
that the spinous processes rotate to the same side as 
the shoulder being flexed. The most likely explanation 
for the rotation of the cervical vertebrae is that the cer
vical vertebrae are excessively flexible; thus when the 
upper trapezius muscle contracts, the spine rotates 
instead of remaining stable. This motion is often elimi
nated by bilateral shoulder flexion as the simultaneous 
bilateral contraction of the trapezius muscle stabilizes 
the spine. Most often, the cervical rotation occurring 
with shoulder flexion is seen only when one shoulder is 
moving. 

The levator scapula muscle (see Figure 5-24) 
adducts and downwardly (medially) rotates the scapu
la. This muscle is a synergist of the trapezius for adduc
tion but an antagonist for rotation. The levator scapula 
muscle attaches to the transverse processes of the first 
four cervical vertebrae. This muscle can restrict cervi
cal rotation and in the presence of excessive cervical 
joint flexibility may rotate the cervical spine during 
shoulder motions. For example, during shoulder flex
ion, the levator scapula muscle is stretched as the 
scapula upwardly rotates. If the cervical vertebrae are 
more flexible than the levator scapulae muscle is exten
sible, the stretch of the muscle will rotate the cervical 
vertebrae and, in some instances, actually rotate the 
head to the same side as the muscle being stretched. 

Because the levator scapula muscle attaches to 
the medial aspect of the superior angle of the scapu
la, shortness of this muscle can give the impression 
of an elevated shoulder if the examiner observes the 
shoulder height near the base of the neck (Figure 
5-25). The attachment of the levator scapula muscle 
to the superior angle of the scapula can elevate the 
most medial portion of the scapula but does not ele
vate the acromial region (see Figure 5-25). Differen
tiating between shortness of the levator scapula and 



DIAGNOSIS AND TREATMENT OF MOVEMENT IMPAIRMENT SYNDROMES 

Deltoid m. 

Triceps m. 

Triangle 
for auscultation 

Latissimus dorsi m. 

Splenius cervicis m. 

Levator scapulae m. 
Rhomboid minor m. 
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Teres major m. 

Erector spinae m. 
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Posterior axioscapular and scapulohumeral muscles. (From Mathers et al : Clinical anatomy principles, St Louis, 
1996, Mosby'> 

Elevation of the superior angle of the scapula with depression of 
the acromion. This shoulder alignment is association with shortness 
of the levator scapulae and excessive length of the upper trapezius 
muscles. 

rhomboid muscles versus the upper trapezius muscle 
is extremely important in designing the correct ther
apeutic exercises. 

The rhomboid muscles (see Figure 5-24) adduct 
and downwardly (medially) rotate the scapula. Similar 
to the levator scapula muscle, the rhomboid muscles 
are both synergists and antagonists of the trapezius 
muscles. These muscles usually become more domi
nant than the trapezius muscles and can restrict 

upward rotation of the scapula. The exercise of shoul
der shrugging with the arms at the sides (the gleno
humeral joint is in downward rotation) is usually not a 
desirable exercise because it reinforces the activity of 
the rhomboid and levator scapulae muscles, contribut
ing to the dominance of these muscles. To emphasize 
upper trapezius activity, shoulder shrugging should be 
performed with arms overhead so that the scapula is in 
upward rotation (Figure 5-26). Based on many postural 
assessments, the author has found that depressed 
shoulders are a common postural impairment; thus the 
upper trapezius muscle is frequently elongated. 

The serratus anterior muscle (Figure 5-27) 
abducts and upwardly (laterally) rotates the scapula 
and holds the scapula flat against the rib cage. The 
upward rotation is produced by the force couple action 
of the serratus anterior muscle with the trapezius mus
cle. The serratus anterior muscle is the primary abduc
tor of the scapula. Complete active range of shoulder 
flexion/elevation motion is not possible when the ser
ratus anterior is paralyzed or becomes severely weak 
(manual muscle test grade of 2/5). In addition, deficient 
control by the serratus anterior muscle, causing impair
ments in the timing and range of scapular motion, can 
cause stress at the glenohumeral joint. This stress 
results from the incorrect positioning of the glenoid for 
glenohumeral joint motion when there is insufficient 
abduction and upward rotation of the scapula. If the 
scapula is not correctly positioned during shoulder 
flexion or abduction, the scapulohumeral muscles will 
not be able to maintain their optimal length and tension 
relationships. 
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A B 

Shoulder flexion with emphasis on upper trapezius muscle activity. A The shoulders remain 
depressed during shoulder flexion. B, To emphasize participation of the upper trapezius, the patient shrugs 
her shoulders at 90 degrees of flexion. The continued motion should be a smooth combination of shrug
ging and flexion. 

The author has found that impaired control of the 
scapula by the serratus anterior muscle is common. 
The impaired control results from the serratus anterior 
muscle being weak, long, short, or altered in the timing 
of its movement of the scapula in relation to the move
ment of the humerus. Careful observation of the degree 
of abduction or adduction of the scapula is necessary 
to distinguish between insufficient performance of the 
trapezius or of the serratus anterior muscle. Although 
both muscles are upward rotators, because the trapez
ius is an adductor and the serratus an abductor, the 
medialllateral position of the scapula can be a guide as 
to which muscle should be emphasized during the cor
rective exercise program. The primary indicators of 
impaired performance are inadequate abduction and 
inadequate upward rotation of the scapula during 
shoulder flexion and abduction. The inferior angle of 
the scapula reaching the midline of the lateral side of 
the thorax when the shoulder is in full flexion, as well 
as the scapula being upwardly rotated 60 degrees at the 
completion of shoulder flexion, is a guide to the correct 
action of the serratus anterior muscle (Figure 5-28). 

Patients with adducted scapulae and large 
acromioclavicular joints should be carefully examined 
and tested for impaired performance of the serratus 
anterior muscle. If the serratus anterior muscle does 

Glenoid fossa 

Scapula 

Teres major 
and latissimus --r-t-_-L~ 
dorsi muscles 

Serratus --++-.... 
anterior m. 

Axioscapular muscle: serratus anterior. The serratus anterior muscle 
is the only effective abductor of the scapula. The serratus has an impor
tant role in upward rotation of the scapula and in keeping the scapula 
adhered to the thorax. (From Mathers et al: Clinical anatomy principles, 
St Louis, 1996, Mosby'> 



DIAGNOSIS AND TREATMENT OF MOVEMENT IMPAIRMENT SYNDROMES 

Scapular position on completion of shoulder flexion. A, With optimal 
abdudion and upward rotation of the scapula during shoulder flexion, the 
inferior angle reaches the midline of the lateral side of the thorax. B, If the 
serratus anterior muscle does not exert optimal control of the scapula, 
the inferior angle will be posterior to the midline of the thorax. 

not sufficiently upwardly rotate the scapula, then the 
participation of the upper trapezius muscle, another 
upward rotator, may be increased. The upper trapezius 
muscle attaches to the clavicle. According to Johnson 
et al, this segment of the trapezius muscle exerts its pri
mary effect during the terminal portion of scapular 
upward rotation and can create stress on the acromio
clavicular joint. 13 

The pectoralis minor muscle (Figure 5-29) tilts 
the scapula anteriorly by tilting the coracoid process 
anteriorly and caudally, thus causing the inferior angle 
to rotate medially.14 Shortness of the pectoralis minor 
muscle interferes with the upward rotation of the 
scapula. If the patient has short or stiff abdominal mus
cles, this restriction by the pectoralis minor muscle can 
be even more exaggerated. Short or stiff abdominal 
muscles restrict the elevation of the rib cage, thus 
adding greater resistance to movement of the scapula 

Thoracoacromial 
trunk 

Axillarya. Thyrocervical trunk 

Anterior --_111 

humeral 
circumflex a. 

Circumflex ---+--ti ... --, 
scapular a. 

Deep ----1/ 
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brachii) 

Superior 
radial 
collateral a. 

Supreme 
'-~""""+-~f- thoracic a. 

::::=::::::;L+-. Lateral 
thoracic a. 

p.o.===~+-\- Pectoralis 
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Attachments of the pectoralis minor muscle. The brachial plexus 
and the axillary artery run beneath the pectoralis minor muscle and 
above the rib cage. Anterior tilt of the scapula produced by the pec
toralis minor, which attaches to the coracoid process of the scapula, can 
compress the nerves and vessels. (From Mathers et al : Clinical anatomy 
principles, St Louis, 1996, MosbyJ 

than if the rib cage elevates as a compensation for the 
lack of extensibility of the pectoralis minor muscle. 
Shortness of the pectoralis minor muscle can also con
tribute to thoracic outlet syndrome (see Figure 5-29). 
This muscle is difficult to stretch because the pressure 
must be applied to the coracoid process, not to the 
humerus, while the chest is stabilized (see Figure 5-30). 
Therefore the most effective stretching requires an 
assistant. These techniques are described in the thera
peutic exercise section. 

Correcting the scapular position (see Figure 5-30) 
with the glenohumeral joint in neutral position must be 
performed carefully. Because the emphasis should be 
on posterior tilt and not on adduction of the scapula, 
the exercise of scapular posterior tilt performed in the 
standing position must be taught carefully so that 
adduction is not exaggerated. This exercise may not 
stretch the pectoralis minor muscle, and the contrac
tion of the rhomboid muscles can reinforce the down
ward rotation of the scapula, which is a common prob
lem. The author prefers that the patient try to acquire 
the correct scapular alignment by abducting and 
depressing (posteriorly tilting) the scapula when the 
shoulders are flexed or abducted to at least 90 degrees 
and the elbows are flexed. The patient should then 
carefully return the arms to his or her sides by moving 
in the shoulder joint and not allowing the scapula to 
anteriorly tilt during the return to neutral position of 
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A Shoulders tilted forward because of shortness of the pectoralis minor 
muscle. The lateral border of the spine of the scapula is more than an 
1 inch off the table. B, Passive stretch of the pectoralis minor corrects 
the scapular position. The therapist applies pressure to the coracoid pro
cess of the scapula in a diagonal direction that is the line of the muscle 
fibers. The rib cage must be stabilized if the chest elevates or rotates 
during the application of stretch. 

the glenohumeral joint. Management of shoulder pain 
syndromes requires a careful examination of the length 
and stiffness of the pectoralis minor muscle and the 
implementation of a precise stretching program when 
an impairment is identified. 

Thoracohumeral Muscles 
Impairments of the pectoralis major (Figure 5-31) and 
the latissimus dorsi (see Figure 5-24) muscles can 
contribute to glenohumeral joint dysfunction. These 
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Axiohumeral muscle: pectoralis major. The pectoralis major flexes, 
medially rotates, and horizontally adducts the humerus. (From Mathers 
et al : Clinical anatomy prindple~ St Louis, 1996, Mosby'> 

muscles essentially bypass the scapula and attach 
directly to the humerus and can contribute to disrup
tion of scapulohumeral rhythm. Because both of these 
muscles are medial rotators of the humerus and are 
powerful muscles with strong and extensive attach
ments to the axial skeleton, the range of shoulder lat
eral rotation can be limited during the last one third of 
the range of shoulder flexion if they become short or 
stiff. In addition, both muscles attach farther away 
from the axis of rotation of the glenohumeral joint than 
the scapulohumeral medial rotators. When they become 
the dominant muscles, they can be a source of faulty 
control of the humerus in the glenoid. 

The pectoralis major muscle, if not appropriately 
counterbalanced by muscles such as the subscapularis 
muscle, can contribute to excessive anterior glide of 
the humeral head. Because both the latissimus dorsi 
and pectoralis major muscles depress the shoulder gir
dle, if one or both are short or dominant, they can 
become sources of restriction of shoulder girdle eleva
tion, which is a motion that should accompany shoul
der flexion. 

The pectoralis major muscle adducts and medially 
rotates the humerus. The upper fibers flex and horizon
tally adduct the shoulder. The lower fibers depress the 
shoulder girdle through their attachments on the 
humerus. A common clinical finding is that the fibers 
forming the sternal portion of the pectoralis major 
muscle test short, whereas the fibers forming the clav
icular portion test long (Figure 5-32). 

The latissimus dorsi muscle medially rotates, 
adducts, and extends the shoulder and depresses the 
shoulder girdle. Acting bilaterally, the latissimus dorsi 
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muscles can help extend the spine and anteriorly tilt 
the pelvis. The range of shoulder flexion/elevation is 
limited when the latissimus dorsi muscle is short 
(Figure 5-33). If the abdominal muscles are short or 
stiff, the back will maintain a relatively normal lumbar 
curvature even without an active effort to contract the 
abdominal muscles. If the abdominal muscles are not 
taut when the patient performs shoulder flexion, he or 
she will compensate with lumbar spine extension 
(Figure 5-34). 

Scapulohumeral Muscles 
The counterbalancing effects of the scapulohumeral 
muscles are critical to optimal control of the humerus 
in its relationship to the glenoid. The most common 
impairments are as follows: 

1. Shortness or stiffness of the lateral rotators. 
2. Insufficient activity of the lateral rotators and 

therefore inadequate lateral rotation of the 
humerus to prevent the greater tuberosity from 
contacting the acromion. 

3. Insufficient activity of the subscapularis muscle, 
which in turn allows the humeral head to glide 
anteriorly and superiorly. 

4. Dominance of the deltoid muscle, causing the 
humeral head to glide superiorly. 

Length assessments of the pectoralis major muscle. A Shortness 
of the sternal portion of the pectoralis major muscle, limits the range of 
shoulder motion in 155 degrees of abduction. B, The clavicular portion 
of the pectoralis major muscle is often excessively long, as indicated by 
the excessive horizontal abduction of the shoulder, even in individuals 
with shortness of the sternal portion. 

5. Shortness of the lateral rotators and teres major 
muscle also impeding the maintenance of the cor
rect axis of rotation for the humeral head. 

6. Shortness of the capsule, particularly the posteri
or inferior part. Because the rotator cuff muscles 
are an intrinsic part of the capsule, shortness or 
stiffness of these muscles should also imply simi
lar effects on the capsule. 
The deltoid muscle (see Figure 5-24) abducts the 

humerus. The anterior portion of the deltoid muscle 
flexes and medially rotates the humerus, the posterior 
portion extends and laterally rotates the humerus, and 
the middle portion abducts the humerus. This is a pow
erful muscle and from the rest position generates a 
superiorly directed vector that pulls the humeral head 
toward the acromion. Therefore it is essential that the 
depressors of the humeral head, primarily the supra
spinatus, infraspinatus, teres minor, and subscapularis 
muscles, adequately offset the proximal pull of the del
toid muscle. 

Often when the deltoid muscle becomes dominant 
as the patient performs shoulder abduction, the humer
al head glides superiorly because the downward pull of 
the rotator cuff muscles is insufficient and cannot 
counterbalance the upward pull of the deltoid. As the 
humerus continues to abduct, the compression forces 

Length assessment of the latissimus dorsi muscle. The flat lumbar 
spine and limited range of shoulder flexion are indicative of shortness of 
the latissimus dorsi muscle. 

Shoulder flexion increased by extension of the lumbar spine. When 
this patient allows his lumbar spine to extend (taking some of the stretch 
off of the latissimus dorsi), the range of shoulder flexion is increased. 
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generated by the deltoid muscle maintain the humerus 
in this position. If the same patient flexes rather than 
abducts the humerus, the movement impairment is not 
evident. This can be explained by the reduced partici
pation of the deltoid muscle. During flexion, the prima
ry activity is in the anterior portion, which is just one 
third of the muscle, as compared with activity of the 
entire deltoid muscle during abduction. 

Another dominance pattern involves the posterior 
deltoid. When the posterior deltoid has become the 
dominant lateral rotator, the result is anterior glide of 
the humeral head during the motion. One of the most 
challenging aspects of developing exercises for the 
rotator cuff muscles is ensuring that the infraspinatus 
and teres minor muscles are participating optimally 
and that the posterior deltoid muscle is not the prima
ry rotator. One method of assessing the degree of par
ticipation of the different lateral rotators is to monitor 
the head of the humerus during the motion and not 
just the distal motion of the humerus. In the prone 
position with the shoulder in 90 degrees of abduction, 
the elbow flexed to 90 degrees, and the forearm over 
the edge of the table, the patient is instructed to later
ally rotate the shoulder. The therapist places his or her 
fingers under the humeral head to monitor the motion. 
The humeral head should not anteriorly glide and 
exert pressure against the therapist's fingers. When the 
deltoid is dominant, in addition to the humeral anteri
or glide, the shoulder often extends, and the posterior 
deltoid muscle belly becomes prominent with dim
pling evident just inferior to the posterior deltoid mus
cle belly. When the teres minor and infraspinatus are 
the dominant lateral rotator muscles, the motion is 
pure rotation and the head of the humerus is pulled 
toward the glenoid and does not glide anteriorly. 
Careful performance of this exercise is critical to cor
rection of rotator cuff dysfunction. 

Shoulder alignment of abduction associated with depressed shoulders. 
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Depressed shoulder joint alignment is actually 
abduction of the glenohumeral joint despite the patient 
being at rest with his arms by his sides (Figure 5-35). 
When the glenohumeral joint is abducted, the deltoid 
and supraspinatus muscles are in shortened positions. 
If the resting glenohumeral joint position is one of 
medial rotation, the combination of abduction and 
medial rotation of the humerus predisposes the subject 
to an impingement syndrome (Figure 5-36). In some 
cases the deltoid muscle is short; to compensate, the 
shoulders become depressed or downwardly rotated or 
both so the arms will be close to the thorax while in a 
standing posture. The therapist can assess this by cor
recting the scapular position. If the humerus then 
assumes an abducted position, the deltoid muscle and 
possibly the supraspinatus muscle are short. 

Another cause of depressed shoulders, besides 
short deltoid and supraspinatus muscles, is when the 
upper trapezius muscle has become lengthened. In 
this condition the deltoid and supraspinatus muscles 
are not necessarily short as described. Normally, the 
scapula must upwardly rotate during abduction or the 
deltoid muscle will become too short to work effec
tively (Figure 5-37). In patients with depressed shoul
ders, the amount of shoulder girdle elevation must 
exceed that of the normal situation to compensate for 

Depressed shoulders. When the shoulders are depressed, the gleno
humeral joint is in an abducted position. 
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Deltoid contractile inefficiency. When the scapula is not upwardly 
rotated, the deltoid becomes too short to develop effective contractile 
tension. (From Calliet R: Shoulder pain, ed 2, Philadelphia, 1981 , 
FA Davis.l 

the impaired starting alignment. Typically the optimal 
degree of elevation does not occur. Precise function 
of the thoracoscapular muscles is critical in providing 
the required control of the scapula to position the 
glenoid and to optimize the action of the scapulo
humeral muscles. 

The supraspinatus muscle (Figure 5-38) abducts 
and laterally rotates the shoulder, depresses, and stabi
lizes the humeral head in the glenoid. Because this 
muscle passes under the acromion, it is particularly 
vulnerable to injury when the shoulder is depressed. If 
the humeral head (1) glides superiorly, (2) does not 
glide inferiorly during shoulder flexion and abduction, 
or (3) does not laterally rotate enough to prevent 
impingement of the greater tuberosity against the cora
coacromial ligament, then the supraspinatus muscle 
and tendon are exposed to compression forces (Figure 
5-39). A commonly used exercise that increases the 
risk of impingement of the greater tuberosity of the 
humerus against the coracoacromialligament is shoul
der abduction to 90 degrees or more with the humerus 
medially rotated. Because of the increased risk of 
impingement, this exercise should be avoided particu
larly in the range of 70 to 90 degrees of abduction. 
Many patients performing this exercise have depressed 
shoulders; when they abduct to shoulder height, they 
are abducting more than 90 degrees. In addition, per
forming shoulder abduction in medial rotation can con
tribute to anterior tilt of the scapula. 

If the resting postural alignment of the scapula is 
one of exaggerated abduction, the apparent shoulder 
medial rotation is actually the correct alignment of the 
humeral head in its relationship to the glenoid (Figure 
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Scapulohumeral muscle. The supraspinatus muscle abducts, slightly 
laterally rotates, and depresses the humerus. (From Mathers et al: 
Clinical anatomy principles, St Louis, 1996, Mosby.l 

5-40). Because the scapula follows the contour of the 
rib cage during abduction, the degree of rotation in the 
frontal plane increases. The result is that the glenoid 
faces more anteriorly than if the scapula is positioned 
correctly on the thorax. Therefore when the scapula is 
abducted and the glenoid faces more anteriorly than 
laterally, the humerus will appear to be medially rotat
ed because the cubital fossa is facing medially. 
However, this alignment helps to maintain the correct 
relationship between the humeral head and the 
glenoid. 

Correct performance of glenohumeral joint abduc
tion requires that the humerus is in the plane of the 
scapula. Therefore if the scapula is abducted and rotat
ed in the frontal plane, the humerus during abduction 
should be in the same plane as the scapula and will 
appear slightly forward of the side of the body. If the 
arm is maintained in line with the frontal plane of the 
body and not the scapula, the humerus is actually in an 
extended position and the humeral head will be in an 
anterior position in relation to the acromion. Careful 
assessment of the position of the scapula and of the 
humerus in relationship to the glenoid is essential 
when developing exercise programs for shoulder pain 
problems and when correcting alignment and move
ment impairments during functional activities. 

The following example illustrates the impor
tance of careful assessment. A patient is referred to 
physical therapy for biceps tendonitis of the right 
shoulder. The magnetic resonance imaging (MRI) 
indicates a tendon pathologic condition and superior 
position of the humeral head. The patient also has 
subluxation of the sternoclavicular joint, scoliosis, 
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Compression of the supraspinatus tendon. If downward pull of the 
humerus by the rotator cuff muscles is insufficient to counteract, the 
upward pull from the deltoid, the supraspinatus tendon can be 
impinged. (From Rockwood CA, Matsen FA: The shoulder; vol 1, 
Philadelphia, 1990, WB Saunders,) 

and a right rib hump contributing to abduction of the 
scapula. In the resting position, her cubital fossa is 
directed anteriorly. She does not have any range of 
motion limitations. Her shoulder becomes painful 
with use of her right dominant hand, even when she 
is not doing overhead or lifting activities. Based on 
the belief that what appears to be the correct degree 
of humeral rotation with her arm at her side is actu
ally lateral rotation, she is instructed to change the 
manner of using her arm. She is instructed to turn the 
cubital fossa medially, which also means that she has 
to be in slight abduction to use her arm for activities 
such as cutting and chopping food and working on 
her computer. This change in alignment coincides 
with a major improvement in her condition. No 
improvement had occurred in her condition during 
the month before changing the degree of rotation of 
her shoulder during daily activities. 

The infraspinatus muscle (see Figure 5-38) later
ally rotates and depresses the head of the humerus. 
The infraspinatus and teres minor muscles are the pri
mary lateral rotator muscles that depress the head of 
the humerus, with some assistance from the supra
spinatus. The posterior deltoid, a powerful lateral rota
tor, causes superior glide of the humeral head. Based 
on comparison of the number of muscles and their 
size, the medial rotators should be able to generate 
greater tension than the lateral rotators. The lateral 
rotator muscles and the posterior capsule often 
become short or stiff and can interfere with the poste
rior glide of the humeral head; thus it is extremely 
important that they be monitored for both their length 
and strength properties. 19 

A B 

Abducted scapula and humeral rotation. A, When the scapula is 
abducted the humerus appears to be medially rotated because the ole
cranon faces laterally. B, When the scapular position is corrected, the 
humerus no longer appears to be medially rotated. 

The teres minor muscle (see Figure 5-38) laterally 
rotates and depresses the head of the humerus. This 
muscle has the same important role in depressing and 
laterally rotating the humeral head as the infraspinatus 
muscle. Deficiencies in performance of these two mus
cles are very common. Shortness or greater stiffness of 
the teres minor and infraspinatus muscles relative to 
the stiffness of the axioscapular muscle is common 
(Figure 5-41). Shortness of the lateral rotators can con
tribute to excessive anterior and superior glide of the 
humeral head. Restricted posterior glide and excessive 
anterior glide of the humeral head are factors in shoul
der impingement syndromes. 12 N eer has described how 
the lack of posterior capsular length contributes to 
impingement during fiexion21 (Figure 5-42). 

The subscapularis muscle (see Figure 5-38) medi
ally rotates the humerus and depresses the head of the 
humerus. This muscle has a particularly important role 
because of its angle of pull, acting not only to depress 
the head of the humerus but also to pull it posteriorly, 
thus offsetting the muscles acting to cause an anterior
superior glide of the humerus. Because large powerful 
muscles such as the pectoralis major and latissimus 
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Test of the length of the lateral rotator muscles. A In the supine 
position with the shoulder abduded to 90 degrees and the elbow flexed, 
the shoulder is allowed to rotate medially and the scapula anteriorly tilts, 
rather than the range of shoulder medial rotation increasing. B, When the 
scapular tilt is prevented, the shortness of the lateral rotators is evident. 

dorsi muscles are also medial rotators, the subscapu
laris muscle often becomes less dominant. The sub
scapularis and the joint capsule provide anterior gleno
humeral stability.29,30 If the subscapularis becomes long 
or weak, the result can be excessive anterior glide of 
the humeral head, which has been cited as a precursor 
to impingement syndrome. ll If the lateral rotators are 
short or stiff, this can contribute further to the anterior 
and superior glide of the humeral head and can limit 
the medial rotation range, resulting in lengthening or 
weakening of the subscapularis muscle. In addition, if 
the pectoralis major is the dominant medial rotator, its 
attachment on a more distal portion of the humerus 
and its anterior pull on the humerus will further exag
gerate the anterior glide of the humeral head and place 
pressure on the anterior joint capsule during shoulder 
flexion or horizontal adduction. 

The teres major muscle (see Figure 5-38) medially 
rotates, adducts, and extends the shoulder joint. 
Shortness of this muscle limits shoulder flexion and 
can impede depression and lateral rotation of the 
humeral head. Accurate assessment of the length of the 

Stiffness of the posterior glenohumeral capsule. A Normally lax 
posterior capsule allows the humeral head to remain centered in the 
glenoid during shoulder flexion. B, Stiffness of the posterior joint capsule 
forces the humeral head upward against the anteroinferior acromion as 
the shoulder is flexed. (From Rockwood CA, Matsen FA: The shoulder, 
vol 1, Philadelphia, 1990, WB Saunders.> 

teres major muscle is particularly important when the 
range of shoulder flexion is limited and when the PICR 
of the humeral head does not remain centered but 
drops inferiorly during humeral flexion or abduction. 

Movement Impairment S~n()romei1 
of tbe Scapu[a 

Relationship Between Alignment 
and Movement 
AB discussed in Chapter 1, optimal movement perfor
mance is more easily achieved if the alignment of body 
segments is closer to ideal than if marked deviations in 
segmental alignment are present. However, several 
combinations of movement patterns and alignments 
are possible with each combination having a different 
implication for the examination process and the subse
quent management. The following examples illustrate 
how alignment and movement faults are used to define 
the various syndromes: 

• The scapular alignment is correct, but the move
ment of the scapula is impaired. Impaired scapu
lar movement refers to insufficient or excessive 
range, alteration in orientation, or inappropriate 
timing of scapular movement in relation to humer
al motion. For example, although the subject has 
ideal shoulder girdle alignment, the scapula only 
upwardly rotates 40 degrees at the completion of 
shoulder flexion. 

• The scapular alignment is impaired, and the 
movement is impaired. For example, the scapula 
is downwardly rotated in the starting position and 
upwardly rotates only 40 degrees by the time the 
range of shoulder flexion is completed. The result 
could be only 35 of the 60 degrees of upward rota-
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tion that are standard for scapular rotation during 
shoulder flexion. 

• The scapular alignment is impaired, and the 
movement is of normal range but does not cor
rect or compensate for the initial impaired posi
tion. For example, the scapula is downwardly 
rotated 10 degrees and the range of scapular 
upward rotation is 60 degrees, but the final posi
tion of upward rotation is still 10 degrees less 
than that required for optimal scapular motion 
during shoulder flexion. 

• The scapular alignment is impaired, but the 
movement is of sufficient range (greater than 
ideal) to compensate for the initial position. For 
example, the scapula is downwardly rotated 10 
degrees, and during shoulder flexion the scapula 
upwardly rotates 70 degrees. Because the scapu
lar motion is correct, the glenohumeral joint 
motion is not particularly impaired, but the 
impaired alignment of the scapula is usually asso
ciated with neck pain. Correcting scapular align
ment often alleviates the neck pain or the associ
ated referred pain arising from myofascial stress 
or from radiculopathy. 
The syndromes are identified by naming the bony 

segment, scapula or humerus, followed by the name of 
the primary movement impairment. Although both the 
scapula and humerus may be involved, usually one is 
the source of the primary movement problem and is 
designated as the primary diagnosis. Correction of this 
segment's pattern of movement is the most important 
part of the treatment program. A major fault of the 
other segment, when present, is designated as the sec
ondary diagnosis. 

Criteria for the Diagnosis 
of a Scapular Syndrome 

• The primary problem is impaired scapular 
movement. 

• The impaired scapular movement often causes or 
is associated with impaired humeral motion. 

• Symptoms are reduced when the patient performs 
the scapular motion correctly or the therapist cor
rects the scapular impairment during active 
movement performed by the patient. For exam
ple, the therapist assists the upward rotation of 
the scapula when this is identified as being insuf
ficient during shoulder flexion!elevation. Because 
this correction decreases or eliminates the pain, 
the therapeutic program is designed to correct the 
movement impairment and the contributing 
impairments. 

• The syndrome is named for the observed impair
ment that may present as abnormal, an exaggera
tion of normal, or an insufficient range of motion. 

For example, scapular downward rotation syn
drome is the name assigned to the condition when 
either the scapular downward rotation is exagger
ated during the early phases of shoulder flexion! 
abduction or its upward rotation movement is less 
than the kinesiologic standard at the completion 
of the motion. 

Scapular Syndromes in Observed Frequency 
of Occurrence 
Establishing a specific diagnosis of a syndrome does 
not require the presence of all of the impairments 
described for a syndrome. The relationship between 
the behavior of the symptoms and the impaired move
ment pattern should be present. The greater the num
ber of impairments, the greater the severity of the syn
drome, although it is also possible to have only one 
impairment that is particularly severe. 

As with all musculoskeletal pain syndromes, vari
ous stages of severity can be present. For example, 
shoulder pain at rest suggests an acute inflammatory 
state. If positioning the shoulder girdle in the correct 
alignment and alleviating compression forces on the 
humeral head (such as the force on the superior aspect 
of the humerus associated with leaning on the elbow) 
does not alleviate the pain, then the exercise program 
should be limited to relatively pain-free exercises. This 
is consistent with established treatment during the 
acute stages of the inflammatory process.3,s 

Pain-free motion through at least 60% of the nor
mal glenohumeral joint range into flexion and rotation 
should be available before a major emphasis is placed 
on using scapular motions in the treatment program. 
Thus the treatment with patients with marked gleno
humeral hypomobility is directed primarily at improv
ing mobility at the glenohumeral joint with less atten
tion directed toward scapular motion. Correction of 
scapular resting alignment is always indicated. Once 
these criteria are met and the pain occurs primarily at 
the end of the range of glenohumeral joint motion 
rather than during movement, the management of 
impaired scapular movement becomes particularly 
important. In those conditions in which the passive 
range of shoulder motion is not restricted by more than 
20 degrees, the impairments in scapular control are 
most likely the key to alleviating the pain. However, 
very often there is also a humeral component as dis
cussed in the next section. 

Scapular Downward Rotation Syndrome 
SYMPTOMS, PAIN PROBLEMS, AND ASSOCIATED DIAG

NOSES. Many of the pathoanatomic or associated diag
noses described for this syndrome are also found in the 
other movement impairment syndromes. Because the 
same pain problem is present with different movement 
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impairments, using a diagnosis based on the name of 
the painful anatomic structure, such as supraspinatus 
tendinopathy, or an associated diagnosis, such as 
impingement, is not adequate for directing treatment. A 
diagnosis that provides information about the cause 
and direction for remediation of the problem is more 
useful for directing physical therapy than for just iden
tifying the potential anatomic source of the pain. 
Describing the movement impairment syndrome and 
its contributing factors provides guidelines for direct
ing the treatment for alleviating the pain problem. 

Supraspinatus or rotator cuff tendinopathy and 
impingement. The pinching of any structure between 
the head of the humerus and the acromion is referred 
to as impingement of the shoulder. This may include 
the bursa, the rotator cuff tendons, or the tendon of the 
long head of the biceps brachii muscle. Other associat
ed diagnoses include tendinopathy, bursitis, and minor 
rotator cuff tears or strains. Sharp or pinching pain is 
usually present around the anterior, lateral, or posteri
or aspect of the acromial process of the scapula during 
shoulder abduction or flexion. Often the pain will be 
referred to the area of the insertion of the deltoid mus
cle. The insufficient upward rotation of the scapula 
causes the humerus to impinge against the coracoacro
mial ligament. This situation becomes particularly 
exaggerated if the humeral depressor muscles do not 
counteract the upward pull of the deltoid muscle or if 
the humerus does not adequately laterally rotate. 
Possible sources of this pain are the various soft tis
sues beneath the acromial process. Four stages leading 
to the development of rotator cuff disorders have been 
described.9 In stage 1, the edema and hemorrhage are 
attributed to repeated microtrauma. Unless the cause 
of the microtrauma is addressed, the process can lead 
to more severe pathology. 

Rotator CUff tear. Deep pain can be present at the 
insertions of any of the rotator cuff muscles. The 
downward rotation of the scapula and the compen
satory glenohumeral joint motion can cause micro
trauma leading to rotator cuff tear. The most obvious 
clinical sign of a large rotator cuff tear is when a 
patient has full range of passive shoulder motion but is 
unable to perform complete range of active shoulder 
flexion even without pain. Manual muscle testing indi
cates that the lateral rotator muscles are weak and 
significant atrophy of the rotator cuff musculature is 
evident. If the tear is severe, even if the shoulder is 
passively placed in shoulder flexion or abduction, the 
patient is unable to hold the arm in that position (pos
itive drop arm test). 

Thoracic outlet and neural entrapment. Symp
toms of this condition include numbness and tingling in 
the forearm and hand, particularly on the ulnar side of 

the forearm. This condition is most frequently seen 
when the scapula is depressed and downwardly rotat
ed or tilted forward. 

Humeral subluxation. Humeral subluxation can 
occur during shoulder flexion when the inferior joint 
capsule and other supporting structures such as the 
glenohumeral ligaments are stretched. Restriction of 
the upward rotation of the scapula with extreme flexi
bility of the glenohumeral joint predisposes the 
humerus to inferior subluxation (the humerus moves 
without maintaining the proper relationship with the 
glenoid). 

Humeral instabilities. During shoulder motion, 
there is a discontinuity in the coordinated movement of 
the scapula and humerus, such that the humerus seems 
to suddenly alter its movement and "pop" into a new 
position. 

Neck pain (with or without radiating pain into 
the arm). This occurs because of the downward or 
asymmetric rotational pull on the cervical vertebrae or 
the cervical plexus by the levator scapulae muscle, the 
upper trapezius muscle, and the weight of the upper 
extremity. 

Pain in the levator scapula and the upper trapez
ius muscles. This occurs from strain as the result of the 
muscles being in a stretched or lengthened position. 

Acromioclavicular joint pain. If the serratus ante
rior muscle is not functioning adequately, extra stress is 
placed on the acromion and clavicle by the trapezius 
muscle as it attempts to upwardly rotate the scapula. 
When the serratus anterior muscle is participating opti
mally, this stress is reduced by the action of the serratus 
anterior muscle on the vertebral border of the scapula. 
If the rhomboid muscles are short or stiff, the resistance 
they create also adds to the stress at the acromioclavic
ular joint as the trapezius muscle attempts to upwardly 
rotate the scapula. 

Sternoclavicular joint pain. The sternoclavicular 
joint acts as a fulcrum for shoulder motion and can be 
subject to stress if (1) the pectoralis minor muscle is 
short restricting scapular motion, (2) the upper trapez
ius muscle attaching to the lateral part of the clavicle is 
exerting a strong pull, and (3) the performance of the 
serratus anterior muscle is not optimal. The joint is 
often swollen, painful to touch, and painful with shoul
der motion. 

MOVEMENT IMPAIRMENTS. After approximately the 
first 30 degrees of shoulder motion into abduction and 
60 degrees into flexion, the scapula downwardly 
rotates during glenohumeral flexion/abduction instead 
of rotating upwardly as is the normal pattern. Scapular 
upward rotation or glenohumeral elevation or both are 
insufficient (scapula does not rotate 60 degrees), par
ticularly during the final phase of humeral elevation. 
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The inferior angle of the scapula does not reach the 
midaxillary line of the thorax upon completion of 
shoulder flexion because of insufficient abduction and 
upward rotation. 

Alignment 

STRUCTIJRAL VARIATIONS 

• Thoracic kyphosis. The accompanying rib deformity contributes to 
impaired scapular starting position. In addition, the curvature of 
the ribs interferes with the scapular upward rotation and depres
sion at the completion of shoulder flexion . 

• Scoliosis. Depending on the degree of curvature, the rib deformity 
contributes to the impaired scapular posture. 

• Obesity with a large thorax. The shoulder girdle is usually down
wardly rotated with the humerus in abduction at the glenohumeral 
joint because of the width of the thorax and the weight of the 
arms. 

• Large breasts. The weight of the breasts that is exerted on the 
lateral aspect of the scapula via bra straps adds to downwardly 
rotated scapula. 

• Heavy arms. The weight of the arms can contribute to downward 
pull on the shoulder girdle and cause an excessive load on the 
muscles during arm movements. 

• Long trunk with relatively short arms. The standard height of 
the armrests on most chairs is too low for individuals with this type 
of structure. They are unable to rest their forearms on the armrests 
unless they downwardly rotate or depress their shoulder. 

A CQUffiED IMPAIRMENI'S 

• A downwardly rotated scapula, with the inferior border more medi
al than the superior border, can result from shortness of the deltoid 
and the supraspinatus muscles, from excessive length of the upper 
trapezius muscle, or from shortness or stiffness of the levator 
scapulae and the rhomboid muscles (Figure 5-43). 

• The shoulders are lower and downwardly sloped at the acromial 
end but may appear higher at the base of the neck because of 
shortness of the levator scapulae muscle, which attaches to the 
superior border of the scapula. 

• Forward shoulders are frequently seen secondary to tilting of the 
scapula and a forward head posture. 

• Abduction of the humerus can be secondary to the downwardly 
rotated position of the scapula. 

• The scapula may be adducted, the vertebral border is less than 
3 inches from the vertebral spine. 

RELATIVE FLEXIBILITY AND STIFFNESS IMPAIRMENTS. The 
glenohumeral joint moves through its range more read
ily than does the thoracoscapular joint. Because the 
scapula does not fully upwardly rotate, the gleno
humeral joint becomes the site of compensatory move
ment. To achieve 180 degrees of shoulder flexion/eleva
tion, the humerus must rotate on the glenoid fossa for 
more than 120 degrees to compensate for the lack of 
the ideal 60 degrees of scapular upward rotation. 
Increased stiffness of the rhomboids and/or the levator 

C HAPTER FIvE 

Downwardly rotated scapula. A The obvious definition of the left 
rhomboid muscle suggests that the dominance of this muscle contribut
ed to the downward rotation. The position of the right scapula can be 
attributed to shortness of the deltoid and supraspinatus. B, Excessive 
length of the upper trapezius and serratus anterior are contributing fac
tors to the position of the scapula. 

scapulae muscles creates an impediment to scapular 
upward rotation. If the glenohumeral joint does not 
compensate for the deficient scapular motion, shoulder 
flexion range will be limited. 

MUSCLE IMPAIRMENTS 

Recruitment pattern impairments. During the ini
tiation of flexion, the action of downward rotation by the 
rhomboids and the levator scapulae muscles is domi
nant over the action of upward rotation by the trapezius 
and the serratus anterior muscles. 

During the initiation of abduction, the action of 
the deltoid muscle can cause the scapula to down
wardly rotate if the upward rotating activity of the 
trapezius and serratus anterior muscles is insufficient 
to counteract the effect of the deltoid muscle during 
glenohumeral abduction. 

During shoulder flexion, the activity of the trapez
ius and serratus anterior muscles, which are the prima
ry upward rotators of the scapula, is insufficient and 
does not upwardly rotate the scapula the desired 60 
degrees (Figure 5-44). 

Muscle length and strength impairments. Passive 
upward rotation and, if necessary, assisted upward 
rotation of the scapula by the therapist as the patient 
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Insufficient scapular upward rotation and excessive glenohumeral flexion. A The inferior angle of 
the right scapula does not reach the midline of the lateral thorax during maximum shoulder flexion. B, The 
left scapula reaches the midline during maximum shoulder flexion. C. With the humerus maximally medially 
rotated, shoulder flexion should be only slightly greater than 90 degrees if scapular movement is limited. 
0, Because of the limited scapula upward rotation, flexion of the right shoulder is excessive. 

performs shoulder flexion indicates the degree of resis
tance to this motion and/or the limitation of scapular 
abduction and upward rotation. 

Shortness of the rhomboids and levator scapulae 
muscles can restrict the range of abduction or upward 
rotation of the scapula or both. 

Shortness of the pectoralis minor muscle can 
interfere with scapular upward rotation because of the 
resultant anterior tilting of the scapula. Maintaining the 
scapula in an anteriorly tilted position does not allow 
the scapula to upwardly rotate during shoulder flexion 
and to depress, adduct, and posteriorly tilt at the end of 
the range. 

The latissimus dorsi muscle can exert a down
ward pull on the humerus and on the inferior angle of 
the scapula. Although the attachment of the latissimus 
dorsi to the inferior angle is inconsistent, if the attach-

ments are present and the latissimus dorsi is short, 
the effect could be depression of the shoulder girdle. 
If the latissimus dorsi is short, depression of the 
shoulder girdle allows a greater range of shoulder 
flexion or abduction than if the shoulder girdle is not 
depressed. 

Shortness of the deltoid and supraspinatus mus
cles can cause the resting position of the humerus to be 
in abduction. Instead of the arm remaining in the unde
sirable and awkward position of abduction with the 
elbow positioned away from the body, the scapula 
downwardly rotates to allow the entire humerus to be 
closer to the body. 

If the upper and lower trapezius muscles are long 
or weak or both, they cannot generate sufficient ten
sion to assist in upward rotation of the scapula. 
Optimal performance of the upper trapezius is neces-



_________________________________________________ ~ __ ov_e_m_e_n_t_I_m~p_a_jnn __ e_n_t_S~~_n_~_ro_m __ e~_o~f_t~b_e_s~b~ou~t-~-er-G--jr-~-~---~22 
CHAPTER FNE 

sary to elevate the acromial end of the scapula during 
the first part of the glenohumeral motion. Optimal per
formance of the lower trapezius is necessary to 
upwardly rotate the scapula, particularly at the end of 
the range. Scapular motion must be optimal to prevent 
undue stress on the glenohumeral joint. 

CONFIRMING TESTS 
• Insufficient upward rotation of the scapula can be 

observed during active glenohumeral joint flex
ion/abduction with the presence of any of the 
symptoms listed previously. 

• Passive support ofthe scapula in the correct align
ment results in reduction or elimination of the 
patient's symptoms in the neck region and often 
results in improved range of motion of the cervical 
spine into rotation. Scapular downward rotation 
syndrome is a secondary diagnosis for the cervical 
problem. 

• The therapist can passively upwardly rotate the 
scapula during glenohumeral flexion and decrease 
the patient's symptoms. 

• The therapist feels resistance while attempting to 
passively correct the scapular alignment or while 
assisting in upwardly rotating the scapula. 
TREATMENT. The downwardly rotated position of the 

scapula must be corrected throughout the day and 
during sleep whenever possible. The patient should sit 
with his or her arm supported so that the scapula is main
tained in the correct alignment and the glenohumeral 
joint is not abducted. Chairs must have armrests ad
justed high enough to correctly support the arm and 
maintain the shoulder in the correct alignment. Sitting 
on a sofa with low armrests or no armrests should be 
discouraged. The patient must find support for his or her 
arm if not provided by the furniture. 

If possible, the patient's shoulder girdle should be 
passively supported while working or driving a car. The 
patient can use his or her contralateral hand, placed 
under the elbow like a sling, to support the affected 
shoulder when standing for a prolonged time. Any 
activities that exaggerate the downward rotation of the 
scapula should be eliminated. An example of this is 
resistive exercises requiring scapular adduction with 
the shoulder at less than 120 degrees of flexion. 

If pressure from bra straps is contributing to the 
impaired alignment, a sports bra with straps that cross 
closer to the neck is recommended. Carrying a back
pack or a waist pack instead of a purse supported on 
the painful shoulder is recommended. Carrying a brief
case or suitcase with the affected arm should be avoid
ed. All activities of daily living should be reviewed and 
modified accordingly. 

Important exercises emphasize the serratus ante
rior muscle and the trapezius muscle performance. The 

patient must be taught how to abduct and to upwardly 
rotate his or her scapulae. Exercises to emphasize 
these motions of the scapula can be performed in the 
prone position or standing and facing a wall. The range 
of glenohumeral motion should not be emphasized 
because of the possibility of increasing or causing com
pensatory glenohumeral joint hypermobility. 

Shoulder shrugs with the arms in the anatomic 
position should be avoided because this movement pat
tern encourages levator scapulae and rhomboid muscle 
activity rather than the desired activity of the upper 
trapezius muscle. However, with the arms held in ele
vation, the shoulder shrug exercise emphasizes upper 
trapezius activity. 

The patient may need assistance with scapular 
upward rotation and abduction if the rhomboid and lev
ator scapulae muscles are short or are particularly stiff. 
In the supine position with the shoulder flexed, the 
patient can use the opposite hand to pull the inferior 
angle of the scapula to assist in its upward rotation. 

Prescribing stretching exercises for the muscles 
found to be short during the examination is important. 
Of equal importance is ensuring that the patient does 
and continues to do the exercises correctly. The pas
sive support of the shoulders and exercises performed 
facing the wall should be repeated frequently during 
the day and evening. Often the patient needs assistance 
in effectively carrying out the therapist's advice during 
daily routines. 

Exercises in the quadruped position, such as rock
ing backward and exaggerating the correct scapular 
motion, are particularly helpful to increase the partici
pation of the serratus anterior muscles. When the 
patient is sitting back on his or her heels and the shoul
der is flexed to almost 160 degrees, the scapula should 
be almost maximally upwardly rotated and there will 
be minimal demands on the serratus anterior muscles. 
If the patient performs the exercise on a table or bed, 
he or she can grasp the sides of the table or the top of 
the bed while rocking backward to assist in upward 
rotation of the scapula and in the stretching of the 
rhomboid and the levator scapulae muscles. 

The patient must be careful not to allow compen
satory activity at the glenohumeral joint. Often when 
the levator scapulae muscle is short, the head and neck 
will extend as the patient rocks backward. This occurs 
because as the scapula is being upwardly rotated and 
abducted, the levator scapulae muscle is lengthening. 
However, when the muscle is stiff, compensatory 
motion can occur at its cranial attachments instead of 
restricting the scapular motion. If the patient holds the 
chin toward the chest as he or she rocks backward in 
the quadruped position, the levator scapulae muscles 
will be stretched, the compensatory motion will be 
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stopped, and the intrinsic neck flexor muscles will be 
strengthened. All of these corrective measures should 
help correct the forward head posture. 

As the patient rocks forward in the quadruped 
position, a greater percentage of the body weight is 
placed on the serratus anterior muscle. If the demand 
exceeds the strength of the serratus anterior muscle, 
the scapula will wing. At this point the forward rock
ing motion should be stopped. Shortness of the scapu
lohumeral muscles also contributes to the winging of 
the scapula as the weight is transferred from the hips 
to the shoulders while rocking forward. The patient 
should be instructed to lift the acromion, as in shrug
ging, and bring the scapula around into abduction 
whenever he or she brings an arm overhead during 
functional activities. 

Case Presentation 1 
History. The patient is a 45-year-old male profes

sional violinist with right shoulder pain and mild neck 
pain. He is right handed. In addition to the pain, he is 
particularly concerned about his ability to control his 
bow when playing on the low strings on the left side of 
the violin. This lack of control is most evident when 
playing very lightly on the strings for prolonged periods 
of times. 

Alignment Analysis. The patient stands very erect 
without a kyphosis, but he has a very large chest. His 
right shoulder is markedly depressed. The entire spine 
of the right scapula is 3/ 4 inch lower than the left. The 
scapula is downwardly rotated at rest with the inferior 
angle of the scapula less than 2 inches from the verte
bral column. The spine of the scapula is 21/2 inches 
from the vertebral column. The humerus is slightly 
medially rotated. 

Movement Analysis. During shoulder flexion the 
scapula wings slightly. The downward rotation of the 
scapula during 0 to 100 degrees of shoulder flexion is 
readily apparent. Upon completion of shoulder flexion, 
the inferior angle of the scapula reaches the lateral 
border of the thorax but does not move anteriorly to 
the midaxillary line. There is slight pain around the 
acromion at the end of shoulder flexion range. When 
performing shoulder abduction, the winging of the 
scapula is even more evident than during flexion. The 
shoulder also remains partially depressed at the end 
range of flexion and elevation. 

When the scapular rotation/abduction is assisted 
during shoulder flexion, the patient no longer experi
ences pain in his shoulder and does not feel strain on 
his neck. When the patient holds his arm in 90 degrees 
of abduction, similar to the position used while playing 
the violin, and the therapist supports the scapula to 
prevent downward rotation, the patient indicates that 
he does not feel the weakness and lack of control that 

was usually present in this position. When his scapula 
is held in neutral rotation by the therapist, the gleno
humeral joint is in slight abduction. Horizontal adduc
tion is limited to 40 degrees as compared with 60 
degrees on the left side. 

Muscle Length and Strength Analysis. The pec
toralis minor, pectoralis major, latissimus dorsi, shoul
der lateral rotators (medial rotation range is 50 
degrees), deltoid, supraspinatus, and rhomboid mus
cles all test short. The serratus anterior and lower 
trapezius muscles test 3/5. The upper trapezius muscle 
tests 4/5. 

Muscle Stiffness Analysis. The rhomboid muscles 
are stiff by assessment of resistance to passive 
movement. 

Assessment. The effect of the downwardly rotated 
position of the scapula is as follows: 

• Placing excessive strain on his neck because of 
the pull from the upper trapezius muscle and the lack 
of suitable assistance from the lower trapezius and ser
ratus anterior muscles 

• Creating a condition of "active insuffiCiency" for 
the deltoid muscle and thus compromising the patient's 
control of his or her arm in the abducted position. 
(Active insufficiency occurs when the muscle is in such 
a shortened position that the contractile elements over
lap enough to reduce the tension generated during 
active contraction [see Figure 2-16].) 

• Contributing to impingement of the gleno
humeral joint because of the inadequate upward rota
tion of the glenoid 

Diagnosis. The patient is diagnosed with scapular 
downward rotation syndrome. 

Treatment 
Supine exercises 
• The patient performs shoulder flexion to stretch 

the latissimus dorsi and pectoralis major muscles. 
• The therapist assists with stretching of the pec

toralis minor muscle. 
• Shoulder medial rotation is performed with the 

arm in 90 degrees of abduction. 
Prone exercises. Scapular upward rotation and 

abduction initially required assistance from the thera
pist to facilitate the scapular motion. 

Quadruped exercises. The patient does quadruped 
rocking backward with emphasis on the upward rota
tion of scapula. He then rocks forward to the neutral 
position. 

Standing exercises 
• The patient faces the wall, slides his arms up the 

wall, and shrugs his shoulders after the shoulders are 
flexed to 90 degrees. He continues the shrugging motion 
as he completes the full range of shoulder flexion. 

• The patient faces the wall with the arms at max
imum shoulder flexion. He adducts his scapulae to lift 
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his arms off the wall. He is instructed not to depress his 
shoulders. 

• The patient stands with his back to the wall, 
fixes his right scapula against the wall, and pulls the 
shoulder into horizontal adduction. 

Education. The patient is instructed to have his 
right arm supported while sitting to keep his shoulder 
at the correct height. While playing the violin, he is to 
hold the acromial end of his right shoulder up and to 
move primarily at the glenohumeral joint when playing 
on the higher strings. When playing on the low strings, 
he is to pull his scapula forward into abduction and 
upward rotation to help correctly position the arm. 

Outcome. The patient is extremely conscientious 
about his exercise program. Over a period of 6 weeks, 
with review of his program every 2 weeks, he has cor
rected his scapular position and can sustain a constant 
position of shoulder horizontal adduction and control 
his bow enough to play lightly on the strings. Although 
the initial objective of the program is accomplished, 
the patient returns for follow-up visits because his play
ing has improved markedly and he is anxious to opti
mize his exercise program to achieve as high a level of 
performance as possible. 

Scapular Depression Syndrome 
This syndrome is similar to the scapular downward 
rotation syndrome except that the rhomboids and leva
tor scapulae muscles are not usually short. The upper 
trapezius muscle is particularly long and/or weak. 
Shortness of the latissimus dorsi and pectoralis major 
and minor muscles is common. 

SYMPTOMS, PAIN PROBLEMS, AND ASSOCIATED DIAGNOSES 
• Glenohumeral joint impingement 
• Rotator cuff tear 
• Humeral subluxation 
• Acromioclavicular joint pain 
• Neck pain with or without radiating pain into the 

arm 
• Pain in the regions of the trapezius and levator 

scapulae muscles 
• Thoracic outlet syndrome 

MOVEMENT IMPAIRMENTS. The scapula is depressed in 
the starting position and fails to elevate sufficiently 
during glenohumeral joint flexion/abduction. If the 
scapula is not depressed at rest, there are two phases of 
movement during which the faulty movement can occur: 
the last phase of glenohumeral joint elevation (90 to 180 
degrees) or during the initial phase of glenohumeral 
flexion/abduction (0 to 90 degrees) . 

ALIGNMENT IMPAIRMENTS 
Structural variations 

• Long neck, often associated with narrow shoul
ders and long arms 

• Long trunk, typically tall and lanky 

• Short arms 
• Heavy arms 
• Large breasts 

In all of these conditions the arms exert a down
ward pull on the entire scapula. When sitting, the arms 
do not reach the armrest unless the entire shoulder gir
dle is depressed. 

Acquired impairments 
• The shoulders are depressed with the clavicles 

lying horizontally or slightly lower laterally than 
medially. 

• The position of the superior angle of the scapula is 
lower than the second thoracic vertebra (Figure 
5-45). 
RELATIVE FLEXIBillTY AND STIFFNESS IMPAIRMENT. The 

glenohumeral joint is more flexible than the scapu
lothoracic joint and therefore becomes the site of com
pensatory motion. 

MUSCLE IMPAIRMENTS 
Recruitment pattern impairments 

• The upper trapezius muscle does not elevate the 
shoulder girdle during shoulder flexion/abduction. 

• The lower trapezius muscle (depressor of the 
scapula) is more dominant than the upper trapez
ius muscle (elevator of the scapula) during shoul
der motions. 
Muscle length and strength impairments 

• Shortness of the latissimus dorsi muscle can 
depress the shoulder girdle and interfere with ele
vation of the scapula. 

Depressed shoulders. A The acromial ends of both shoulders are low. 
B, During shoulder flexion the shoulders remain depressed. 
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• Shortness of the pectoralis major muscle can 
depress the shoulder girdle and interfere with ele
vation of the scapula. 

• Shortness of the pectoralis minor muscle can tilt 
the scapula anteriorly and interfere with elevation 
of the scapula. 

• A long or weak upper trapezius muscle is unable 
to generate enough tension at the correct length to 
elevate the scapula. 
CONFIRMING TESTS. Active-assisted elevation of the 

scapula during shoulder flexion results in reduction or 
elimination of the shoulder pain. Passive elevation of 
the shoulders while the patient completely relaxes the 
shoulder girdle muscles should decrease symptoms 
around the neck, along the upper trapezius, or along 
the levator scapula muscles. 

TREATMENT. The most important treatment is to 
passively support the shoulders so that they are not 
constantly in the depressed position. The carrying and 
holding of objects that contribute to the downward pull 
must be avoided as much as possible. Shoulder shrugs 
with the glenohumeral joint in the anatomic position 
and with the shoulder flexed to more than 120 degrees 
should be repeated frequently. 

When the latissimus dorsi, pectoralis major, and 
pectoralis minor muscles are short, they must be 
stretched to eliminate downward pull on the shoulder 
girdle. Emphasis must be on performing upper trapez
ius exercises and avoiding lower trapezius exercises 
that result in scapular depression. 

The patient must also practice shoulder flexion 
with emphasis on correcting the depression of the 
shoulder girdle and then returning the arm to a neutral 
position without allowing depression of the shoulder. 
Because impaired movement patterns become very 
automatic, the patient should use a mirror to observe 
the impaired pattern and should be instructed in how 
to restore a normal pattern if the movement pattern 
becomes less than optimal. Patients with this syn
drome must follow the same suggestions as those given 
to patients with the scapular downward rotation syn
drome. These suggestions include supporting the 
shoulder in the correct position, reducing the down
ward pull of bra straps, and avoiding carrying a heavy 
briefcase or an object that depresses the shoulder. 

Case Presentation 2 
History. A 35-year-old mother ofthree children pre

sents with pain at the insertion of her left deltoid mus
cle. The patient states that her neck feels stiff, particu
larly in the morning. She has some tenderness bilater
ally around the upper trapezius muscle by the base of 

her neck. She works 10 to 15 hours per week as a sec
retary for her church but is otherwise a "stay-at-home" 
mother. Her children are all under 6 years of age. She 
breast fed all of her children until they were 1 to 2 years 
of age. She has never been physically active and prefers 
reading and gardening to aerobic or sporting activities. 
She is right handed. 

Alignment Analysis. The patient is 5 feet, 10 inches 
tall, slightly overweight, and stands in a swayback pos
ture with the associated kyphosis and posterior pelvic 
tilt. Both shoulders are depressed and slightly forward. 
The vertebral borders of her scapulae are parallel and 
positioned approximately 3 inches from the midline of 
her thorax. 

Movement Analysis. During left shoulder flexion 
and shoulder abduction, the patient's scapula abducts 
and upwardly rotates but remains depressed. The 
scapula and humerus maintain a one- to two-movement 
ratio until the last 15 degrees of motion when the 
scapula stops moving and the humerus alone com
pletes the motion. During this phase of motion, the 
patient experiences pain in her left shoulder. Her range 
of cervical rotation is limited to 50 degrees bilaterally. 
When asked to rotate her head and neck, she partially 
extends her neck, performing a twisting motion rather 
than a pure rotation of the cervical spine about the ver
tical axis. 

Confirming Tests. Passive elevation of her shoul
der girdles with complete relaxation of her trapezius 
muscles eliminated the aching type pain she had in the 
region of the base of the neck. Her cervical rotation 
range increased by 15 degrees in both directions. 
Passively supporting her left shoulder to eliminate the 
depressed position while she performed shoulder 
flexion and abduction eliminated the pain that she 
had been experiencing at the end of left shoulder flex
ion. She demonstrated excessive shoulder flexion, 
exceeding 180 degrees of flexion when her scapula 
was supported. 

Muscle Length and Strength Analysis. Muscle short
ness is not found. The upper trapezius muscle tests 
3+/5. The lower trapezius and serratus anterior mus
cles test 4/5. 

Diagnosis. The patient is diagnosed with scapular 
depression syndrome. 

Treatment. The primary contributing factors are 
the previous lack of physical activity, which suggests 
that the shoulder girdle muscles are chronically under
used and underdeveloped. Because the patient is tall, 
most armrests on chairs are too low to support her 
shoulders at the correct level for her structure. She 
does not have armrests on the chair she uses at work. 
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Her bra straps add to the depressed shoulder postur
ing. The downward pull from the bra straps was exag
gerated because her breast size increased as the result 
of having breast-fed three children. Lifting and holding 
her three children also contributed to the downward 
pull on her shoulders. 

The patient should identify ways that she can sup
port her arms with the shoulders horizontal rather than 
depressed. Even when lifting and holding her children, 
she should shrug her shoulders before lifting and should 
maintain this position while lifting. After lifting or hold
ing her children, she should perform shoulder flexion 
with the shrugging exercise. When holding her children 
while sitting, she should have a pillow under her fore
arms so that her shoulders are at the correct level. 

Outcome. The patient's symptoms are immediate
ly decreased when passive support is applied to her 
shoulders. She returned three times over 5 weeks for 
monitoring and modification of her program. Al
though her shoulders remain somewhat depressed, 
she is pain free during all activities and has corrected 
her movement patterns for most activities. Her mus
cle strength grades improve by one grade over the 
treatment period. 

Scapular Abduction Syndrome 
SYMPTOMS, PAIN PROBLEMS, AND ASSOCIATED DIAGNOSES 

• Glenohumeral joint impingement 
• Humeral subluxation (anterior) 
• Tendinopathy-biceps, infraspinatus, and supra

spinatus 
• Bursitis-infra deltoid 
• Interscapular pain in the rhomboids and middle 

trapezius 
• Sternoclavicular joint pain 

MOVEMENT PATTERN IMPAlRMENTS. There is excessive 
scapular abduction during glenohumeral joint flexion/ 
abduction. At the end of shoulder flexion/elevation, the 
axillary border of the scapula protrudes laterally more 
than 1f2 inch beyond the thorax or the inferior angle of 
the scapula reaches beyond the midaxillary line of the 
thorax (Figure 5-46). 

The scapula remains relatively stationary during 
the first half of shoulder flexion with movement of the 
humerus being the source of most of the motion, which 
is markedly different than the 1 degree of scapular 
motion to 2 degrees of glenohumeral motion. During 
the phase from about 90 to 180 degrees of flexion, the 
scapula and humerus move in a one-to-one ratio. One 
reason for this movement pattern impairment is postu
ral abduction of the scapula. The abducted scapular 
position is associated with excessive length of the 
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Excessive scapular abduction. A, The scapula is excessively abducted 
during shoulder flexion. ~ The patient can actively limit the degrees of 
scapular abduction. 

trapezius, possibly the rhomboid muscles, and short
ness of the serratus anterior muscle. Alterations in the 
length-tension relationships of these muscles interfere 
with their ability to properly control the scapula, par
ticularly for the final phase of scapular upward rotation 
and depression. 

When the patient is prone with his or her arm 
abducted to 90 degrees, the scapula will abduct during 
glenohumeral lateral rotation instead of remaining in a 
constant position on the chest wall during arm motion. 
This is a direct result of the excessive length of the tho
racoscapular muscles and accompanied by shortness 
of the scapulohumeral muscles. The contraction of the 
lateral rotators moves the lighter segment, namely the 
scapula, because it is not well controlled by the trapez
ius and rhomboid muscles. 

The impaired scapular abduction can occur during 
active glenohumeral joint flexion/abduction but may not 
be observed when the same motions are performed pas
sively by the examiner. This movement pattern impair
ment occurs not because of a lack of length of the 
thoracoscapular muscles but because the thoraco
humeral muscles do not work effectively at the length 
that would hold the scapula correctly on the thorax. The 
contraction of the scapulohumeral muscles moves the 
scapula toward the humerus until the adapted longer 
length of the rhomboids and trapezius muscles is reached. 
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Alignment 

STRUCfURAL VARIATIONS 
• With kyphosis, the curvature of the ribs contributes to an abducted 

position of the scapula because the curvature moves the scapula 
laterally, lengthening the thoracoscapular muscles. 

• With long arms, the weight of the arms contributes to abduction of 
scapulae. 

• Often a large thorax contributes to shoulder abduction and short
ness of the deltoid muscle. Shortness of the deltoid muscle can 
contribute to the abducted scapula position. Individuals with a 
large thorax often need a greater excursion of the scapulae to 
reach in the front of the body. This excursion contributes to the 
shortness of the serratus anterior muscle. 

• Large breasts contribute to abducted scapulae because the 
increased dimension of the chest forces the patient to abduct the 
scapula to increase the excursion of the arms in front of the body. 

• With scoliosis, the thoracic rib hump causes the ipsilateral scapula 
to be abducted because of the structural barrier. 

A CQUIRED IMPAIRMENTS 

• A posturally abducted scapula (more than 3 inches from the verte
bral spine) can result from performing activities in the front of the 
body, such as playing the cello or the double bass or doing weight
training exercises that include many repetitions of bench presses 
that require contraction of the pectoralis major and minor muscles. 
Push-up exercises that are performed with excessive scapular 
abduction result in a posturally abducted scapula. 

• Medial rotation of the humerus, particularly when the pectoralis 
major muscle is short, can contribute to scapular abduction. Medial 
rotation of the humerus is often incorrectly interpreted as being an 
abnormal posture. When the scapula is abducted and the glenoid is 
faCing anteriorly, what appears to be humeral medial rotation is 
actually the correct alignment of the humerus. This alignment can 
be verified by correcting the scapular position and reassessing the 
humeral position. 

• Lateral rotation of the humerus associated with scapular abduc
tion may be misinterpreted as the correct degree of rotation when 
the antecubital fossa is aligned forward . If the abducted scapular 
position is corrected, the humerus will be in lateral rotation. 
Assessment of the length of the lateral rotators, which should be 
short, is necessary to confirm the impression of humeral lateral 
rotation. 

• An abducted scapula in the quadruped position must be carefully 
assessed. When the scapula is allowed to adduct to the correct 
position on the thorax, the scapula will wing. The winging of the 
scapula is attributed to the adaptive shortening of the serratus 
anterior muscle that alters its length-tension properties. When 
subjected to a load at a longer length, the muscle cannot develop 
sufficient tension to prevent winging. Stiffness or shortness of the 
scapulohumeral muscles can also contribute to the winging of the 
scapula because of their effect on limiting horizontal adduction of 
the glenohumeral joint and contribute to excessive scapular 
abduction. 

RELATIVE FLEXIBILITY AND STIFFNESS IMPAIRMENT. 
Thoracoscapular joint motion occurs more readily than 
glenohumeral joint motion, thus the scapular move
ment into abduction may exceed the normal range. The 

patient is unable to dissociate glenohumeral joint 
motion from thoracoscapular joint motion. The stiff
ness or shortness of the scapulohumeral muscles con
tributes to compensatory motion of the scapula. 

MUSCLE IMPAIRMENTS 
Muscle recruitment patterns. The scapulohumer

al muscles, along with the pectoralis minor, pectoralis 
major, and serratus anterior muscles, exert a more 
dominant effect than the rhomboid and trapezius mus
cles. This is evident in the excessive abduction and lim
ited upward rotation of the scapula. 

The posterior deltoid may also be more dominant 
than the infraspinatus and teres minor. Dominance of 
the posterior deltoid muscle contributes to the devel
opment of shortness of this muscle, which can pull 
the scapula into abduction because contraction of the 
deltoid causes the scapula to move toward the 
humerus. 

Muscle length and strength impairments 
• Shortness of the deltoid or supraspinatus muscles 

that holds the humerus in an abducted position at 
rest can pull the scapula into the abducted posi
tion when the counterbalancing rhomboid and 
trapezius muscles are not performing effectively. 

• Hypertrophied and short scapulohumeral mus
cles, along with hypertrophy of the pectoralis 
major muscle can lead to scapular abduction. 

• Long and/or weak trapezius and rhomboid mus
cles are unable to hold the scapula in normal align
ment, which is approximately 3 inches from the 
vertebral spine. The result is a position of scapular 
abduction. 

• Short pectoralis major muscles hold the humeri in 
medial rotation and horizontal adduction. Com
bined with the shortness of the scapulohumeral 
muscles, the pectoralis major muscles acting on 
the humeri passively pull the scapulae into abduc
tion during shoulder flexion and horizontal 
adduction. 
CONFIRMING TESTS. The therapist passively corrects 

the scapular position at rest · and then passively con
trols the degree of scapular abduction. The therapist 
assists with upward rotation at the end of the motion 
during shoulder flexion and assesses whether the pos
tural correction results in reduction in symptoms. 

TREATMENT. The focus of treatment is to stretch the 
short glenohumeral and thoracohumeral muscles. 
Treatment should also be directed toward improving 
the performance of the adductor components of the 
lower and middle trapezius muscles in particular. 
Therefore the key exercises are the progressions for 
the lower trapezius muscles with the emphasis placed 
on scapular adduction and not on scapular depression. 
A good initial exercise for the patient is to face a wall, 
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slide the arms up the wall, and at the end of the range 
adduct the scapulae, avoiding movement into depres
sion. The progression is to perform the exercise with 
the back to the wall so that the patient is lifting the full 
weight of the arms. The next stage of the progression is 
to perform the exercise in the prone position. 

Stretching the pectoralis major and minor muscles 
may be necessary. It may be helpful to stretch the 
humeral rotators in the supine position, using light 
hand weights to achieve greater ranges of medial and 
lateral rotation if these motions are limited. 

The quadruped position can be used to stretch and 
strengthen the serratus anterior muscles and to stretch 
the scapulohumeral muscles. The patient can stretch 
his or her scapulohumeral muscles by standing with his 
or her back to the wall and fixing the scapula against 
the wall while passively adducting the humerus in a 
horizontal plane. If rhomboid-strengthening exercises 
are indicated, then scapular adduction motions while 
sitting can be performed periodically during the day. 
However, it is unusual to find the true weakness of the 
rhomboid muscles. 

Case Presentation 3 
History. A 33-year-old male professional cellist 

develops right anterior shoulder pain that is diagnosed 
as subdeltoid bursitis. The pain occurs only after play
ing and subsides after resting for 3 to 4 hours. The 
onset of his problem was 1 month before his visit to 
physical therapy, but the frequency and intensity of the 
pain has been increasing over the past week. 

Alignment Analysis. The patient is slightly over
weight with poor definition of the muscles of his shoul
der girdle and trunk. He has a large abdomen. His right 
scapula is abducted when examined in the standing 
position, measuring 31/ 2 inches from the vertebral 
spine. The vertebral border of the scapula is vertical, 
and his shoulder is only slightly depressed. The left 
scapula is 3 inches from the vertebral spine. 

Movement Analysis. The scapula abducts so that 
the entire axillary border almost reaches the midaxil
lary line during right shoulder flexion. Scapular 
upward rotation is slightly limited. The patient experi
ences some pain in the anterior area of his shoulder 
during shoulder flexion. During shoulder abduction, 
the amount of scapular abduction is not as marked as 
during shoulder flexion, but he still experiences pain 
in the shoulder at 120 degrees of elevation. Slight wing
ing of the scapula is evident during the return from 
abduction. The patient has a reduction in shoulder 
pain when the therapist manually restrains the scapu
la from abducting excessively during shoulder flexion 
and when she assists with the upward rotation of the 
scapula. 
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Muscle Length and Strength Analysis. There is a 
compensatory anterior tilt of the scapula during right 
shoulder medial rotation. With his scapula stabilized, 
the medial rotation range is limited to 55 degrees. 
Testing indicates that the pectoralis minor muscle is 
stiff but not short. His shoulder is forward in the supine 
position but can be manually stretched so that the 
spine of the scapula contacts the supporting surface. 
His latissimus dorsi muscle is short, and shoulder flex
ion is limited to 160 degrees. His humerus rotates medi
ally during shoulder flexion. The lower trapezius tests 
4-/5 and is unable to withstand resistance applied 
throughout the range. The middle trapezius tests 415. 

Diagnosis. The patient is diagnosed with a primary 
scapular abduction syndrome and a secondary shoul
der medial rotation syndrome. 

Treatment. The patient is instructed to stretch the 
pectoralis minor and latissimus dorsi muscles in the 
supine position. He is also instructed to stretch his 
shoulder lateral rotators. Emphasis is placed on the 
shortening and strengthening of the lower trapezius 
muscles. Rhomboid muscle exercises are not indicated 
because of the limitation of scapular upward rotation. 
Lower and middle trapezius exercises are prescribed 
using the face-to-the-wall, back-to-the-wall, and prone 
positions. 

He is also prescribed quadruped rocking with an 
emphasis on allowing the scapula to adduct. Quad
ruped rocking is performed by sitting back on the 
heels and rocking forward through a limited range so 
that a low load will be placed on the serratus anteri
or muscle. He also practices humeral horizontal 
adduction with the scapula fixed against the wall. 
After this exercise, he practices with his cello bow 
trying to confine the bowing action to the gleno
humeral joint and restricting his movement of the 
scapula into abduction. 

Outcome. The patient is seen only once a month 
for 4 months because of his performance schedule. He 
has painful episodes during the first month directly 
related to the amount of playing he does. He does the 
standing exercises during the concert intermissions, 
after each concert, and several other times during the 
day. As he becomes more consistent in doing his cor
rective exercises, he has fewer episodes of pain and 
has resolution of pain by the end of the second month 
of treatment. 

He returns for two additional visits at which time 
he commences a light weight-training program. 
Resistive exercise is recommended for shoulder flex
ion, shoulder rotation, and prone scapular adduction 
with the shoulder in 135 degrees of abduction. 
Resistive exercises for elbow flexion and extension are 
also recommended. The emphasis of the program is on 
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building endurance, with the recommendation to 
increase the repetitions to three sets of ten and to 
progress the weights to 10 pounds in each hand. The 
patient is discharged pain free after 4 months. 

Scapular Winging Syndrome 
SYMPTOMS, PAIN PROBLEMS, AND ASSOCIATED DIAGNOSES 

• Glenohumeral impingement, often anteriorly 
• Tendinopathy 
• Bursitis 
• Rotator cuff tear 
• Thoracic outlet syndrome and neural entrapment 

The inability to flex the shoulder actively above 
120 degrees with severe winging of the scapula occur
ring during the motion is characteristic of the denerva
tion of the serratus anterior muscle because of neu
ropathy of the long thoracic nerve. 

MOVEMENT PATIERN IMPAIRMENTS. There can be 
observable tilting of the inferior angle or winging of 
the vertebral border of the scapula during gleno
humeral joint flexion or abduction/elevation or both. 
This can also occur during the return from gleno
humeral joint elevation that is particularly evident dur
ing the first half of the movement from 180 to 90 
degrees of extension. The winging is usually more 
exaggerated during the return from flexion than from 
abduction. 

Alignment 

STRUCTIJRAL VARIATIONS 
• As the thoracic flexion deformity increases with progression of a 

kyphosis, the scapulae are forced into a position of increased wing
ing and abduction, placing the serratus anterior in a shortened 
position. 

• With scoliosis, the increased rib prominence can cause winging of 
the vertebral border of the scapula. 

• A flat thoracic spine can make the scapula appear winged, 
although no muscle impairments are present. 

• Heavy arms, as in weight lifters, can cause the scapula to be pulled 
forward. 

ACQUIRED IMPAIRMENTS 
• Forward shoulders can be accompanied by the scapulae being tipped 

forward with prominence of the inferior angles of the scapulae. 

• Winging of the vertebral border of the scapula can be a result of 
muscle imbalances of the serratus anterior and scapulohumeral 
muscles (Figure 5-47). 

• The scapula can be abducted with winging of the vertebral border 
so that the scapula is rotated more than 30 degrees in the horizon
tal plane, thus having a greater anterior-posterior orientation than 
a medial-lateral orientation. Most often this alignment change is 
present in patients who have done a great deal of upper extremity 
weight training and who have an increased slope of their shoulders 
at rest. 

RELATIVE FLEXIBILITY AND STIFFNESS IMPAIRMENT. 
Scapular motion seems to exceed the normal amount 
because thoracoscapular joint motion occurs more 
readily than glenohumeral joint motion. At various 
points in the range, the scapula and humerus can move 
in a one-to-one ratio for a prolonged period of the 
motion. In this situation, the motion is almost exclu
sively at the thoracoscapular joint during the initial 
return to neutral after completion of shoulder flexion. 

MUSCLE IMPAIRMENTS 
Muscle recruitment impairments. During the ini

tiation of shoulder flexion, the pectoralis minor muscle 
action is dominant as evident by the anterior tilt of the 
scapula (winging of the inferior angle). If the pectoralis 
minor muscle is short, the scapula will already be in the 
anteriorly tilted position, which becomes more exag
gerated upon the contraction of the muscle. 

There is insufficient activity of the serratus anteri
or muscle to maintain the scapula against the thorax. 

During the return from shoulder flexion/elevation, 
the thoracoscapular joint is the primary site of move
ment with limited change in the glenohumeral joint 
angle. The scapula can often be observed to down
wardly rotate and wing, which can be associated with 
pain. The deltoid and supraspinatus muscles do not 
appear to be elongating (their action appears to be 
more of an isometric than an eccentric contraction), 
whereas the serratus anterior and the trapezius mus
cles are elongating more rapidly. 

MUSCLE LENGTH AND STRENGTH IMPAIRMENTS 
• Short or weak serratus anterior muscle that does 

not maintain the scapula against the thorax can 
cause winging. 

• Short pectoralis minor muscles can tilt the scapu
la anteriorly. 

• Often, short scapulohumeral muscles can con
tribute to the winging of the scapula (see Figure 
5-7). 
CONFIRMING TESTS. During shoulder flexion, the 

scapula is passively restrained by the therapist to pre
vent tilting or winging. This correction of the scapular 
alignment during motion decreases or eliminates the 
patient's pain. When the scapula wings during the 
return from flexion or abduction, the patient flexes his 
or her elbow to reduce the length of the lever that is 
being lowered. The patient is instructed to relax his or 
her glenohumeral joint as completely as possible and to 
control the scapula. The initial motion should then be 
primarily at the glenohumeral joint and not at the tho
racoscapular joint. 

TREATMENT. The emphasis is on correcting the 
scapular tilting or winging. The tilting is most readily 
corrected by stretching the pectoralis minor muscle, 
which usually requires another person's assistance. 
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Winging of scapula. Impairment of serratus anterior and scapulohumeral muscles. A The vertebral borders 
of the scapula are prominent in the rest position. B, The serratus anterior muscle tests weak. C; Weakness is 
indicated by scapular downward rotation with pressure on the humerus. 

Serratus anterior muscle retraining and strengthening 
is also necessary. Quadruped rocking from the position 
of sitting on the heels where the weight on the shoulder 
girdle is minimal and rocking forward to the neutral 
position is a good exercise for controlling the force 
demands on the serratus anterior muscle. 

If the scapula wings in the resting position and 
during shoulder flexion, then the serratus anterior mus
cle is weak and strengthening is indicated. If the scapu
la only wings during the first phase of the motion, the 
quadruped rocking is a good exercise, but the therapist 
should monitor to ensure that the scapula does not 
wing because of excessive load. The exercise with the 

patient positioned against the wall keeping the scapula 
fixed against the wall, with the elbow flexed to 120 
degrees and then flexing the shoulder to no more than 
about 60 degrees, is a good way to control the winging 
occurring on initiation of motion. If the patient can 
complete shoulder flexion with the elbow flexed and 
without scapular winging, then he or she should move 
away from the wall so that the scapula is not restricted 
while doing upward rotation. 

If the scapula wings markedly throughout the 
entire active motion, then the serratus anterior muscle 
is very weak. If the weakness of the serratus anterior 
muscle is secondary to a lesion of the long thoracic 
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nerve, then a slowly progressive strengthening pro
gram must be prescribed and carefully monitored. The 
patient should not be expected or encouraged to per
form complete shoulder flexion in the presence of a 
very weak serratus anterior muscle because his or her 
inability to upwardly rotate the scapula will contribute 
to the development of an impingement syndrome. 

Case Presentation 4 
History. The patient is a 34-year-old man whose pri

mary fitness activity is swimming. He has been experi
encing pain in the anterior area of his left shoulder in 
the region of the humeral head near the acromioclavic
ular joint. The pain has been present for 2 weeks. The 
patient swims competitively once per week but trains at 
least 2 other days per week. He has a routine program 
of strengthening and stretching exercises that he per
forms before swimming. The pain is most pronounced 
after swimming but usually subsides within 24 hours. 
He applies ice to the area and takes an antiinflammato
ry medication. His occupation is relatively sedentary 
and does not require unusual lifting or physical activity. 

Alignment Analysis. The patient is slender with a 
depressed chest, slight kyphosis, and a tendency to 
shift his upper back posteriorly. His abdominal muscles 
are taut suggesting shortness. His shoulders are tipped 
forward with the left positioned farther forward than 
the right. From the posterior view, the inferior angle of 
his left scapula is protruding. The scapula is slightly 
abducted, with the vertebral border positioned 31/2 
inches from the vertebral spine. The vertebral borders 
of the scapulae are parallel to the spine. 

Movement Analysis. During the initial phase of 
shoulder flexion, anterior tilting of the left scapula is 
observed until shoulder flexion reaches 90 degrees. At 
150 degrees the patient notes pain in the anterior shoul
der region. The scapula is observed to be appropriately 
abducting but was limited in the amount of upward 
rotation and does not depress on the thorax at the end 
of the shoulder flexion range. 

Confirming Test. The therapist controls the inferior 
angle of the scapula to prevent anterior tilting during 
shoulder flexion. During the last phase of shoulder flex
ion the therapist assists with depression of the scapula. 
Considerable resistance is felt by the therapist while 
attempting to assist the scapular motion. The patient 
attempts to extend his back to compensate for the lack 
of scapular motion. 

Muscle Length and Strength Analysis. The pectoralis 
minor muscle is short. The patient's shoulder is 2 inches 
away from the support surface and cannot be manual
ly stretched to the table without rotation of his thorax. 
His rectus abdominis muscle and the sternal portion of 

the pectoralis major muscle are both short. Shoulder 
medial rotation is associated with compensatory 
scapular tilt. The left lower trapezius tests 4/5. The 
right lower trapezius tests 5/5. The shoulder rotator 
muscles test normal in strength. 

Diagnosis. The patient is diagnosed with scapular 
winging syndrome. 

Treatment. The emphasis of the program is on 
stretching the pectoralis minor muscle, improving the 
performance of the lower trapezius muscle, which can 
be considered an antagonist of the pectoralis minor, 
and correcting abdominal muscle imbalances. The 
patient is instructed in assisted pectoralis minor and 
pectoralis major muscle stretching. Other exercise rec
ommendations include shoulder medial rotation while 
in the supine position. An emphasis is placed on keep
ing the scapula still and allowing the shoulder lateral 
rotators to lengthen by having them relax rather than 
using active contraction of the medial rotators to pro
duce the motion. He is instructed in the lower trapezius 
exercise performed facing the wall. With his back to 
the wall, he performs shoulder flexion with his elbows 
flexed and shoulder abduction with his elbows flexed. 
In the abduction exercise, he cannot get his arms 
against the wall because of the shortness of the pec
toral muscles. Thus he is instructed to abduct to 90 
degrees and then to try to adduct his scapula and not to 
attempt to get the posterior aspect of his elbows 
against the wall. When he reaches the end range of 
shoulder flexion and abduction, he is instructed to take 
a deep breath to stretch his abdominal muscles. He per
forms lateral flexion of his thorax while standing with 
his back against the wall and his forearms on top of his 
head. The purpose of this exercise is to stretch his 
abdominal and rib cage musculature. He does quad
ruped rocking, with an emphasis on allowing his tho
racic spine to flatten, particularly when he rocks all the 
way back to sit on his heels. 

Outcome. The patient is told to stop swimming and 
avoid overhead activities for the first 2 weeks of his 
rehabilitation program. He is seen weekly for 6 weeks. 
The patient is able to have a friend help him with 
stretching his pectoralis minor muscle, which has 
regained normal length after 2 weeks. At the end of 2 
weeks he has shoulder pain only at the end of shoulder 
flexion range. By the end of 4 weeks he is pain free dur
ing all active motions performed in the clinic but devel
ops some pain after swimming for more than 20 min
utes. At the end of 6 weeks, he can swim for 40 minutes 
without experiencing pain in his shoulder. He is dis
charged after 6 weeks, at which time all muscles are of 
normal length and he no longer has winging of his 
scapula at rest or during motion. 
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Movement Impajrment S~noromeo 
of tbe Humeruo 
Relationships Between Alignment 
and Movement 
As discussed in the introductory chapter, ideal align
ment of body segments with one another is important 
because ideal alignment facilitates ideal movement. 
However, several combinations of movement patterns 
and alignments are possible. The following examples 
illustrate how alignment and movement can be related 
to the various humeral syndromes: 

• Humeral alignment is correct, but the movement 
of the humerus is impaired. For example, the 
humerus is correctly positioned at rest, but during 
shoulder flexion the humerus medially rotates 
excessively. 

• Humeral alignment is impaired, and the movement 
is of normal range but does not correct or com
pensate for the initial impaired position. For 
example, the humerus is medially rotated in the 
standing position and laterally rotates during 
abduction but not enough to correct for the 
impaired starting position. 

• Humeral alignment is impaired, and the movement 
pattern is impaired. For example, the humerus is 
medially rotated in the standing position and does 
not rotate during abduction. 

Criteria for a Diagnosis of a Humeral Syndrome 
• The primary source of pain is movement impair

ment of the humeral head on the glenoid, although 
often scapular motion is impaired as well. 

• The symptoms are decreased or eliminated when 
the patient corrects the movement impairment of 
the humerus or when the therapist manually cor
rects the impairment during active movement 
performed by the patient. For example, the ther
apist assists in lateral rotation of the humerus 
during the appropriate range of shoulder flexion, 
resulting in decreased pain. Because this correc
tion alleviates or eliminates the pain, the focus of 
the therapeutic program is correction of this 
impairment. 

• The syndrome is named for the observed humeral 
movement impairment, which may be an insuffi
cient or exaggerated accessory or physiologic nor
mal motion. An example of humeral accessory 
movement impairment is observing notable 
humeral anterior glide during shoulder hyperex
tension as occurs during arm swing when walking. 
An example of humeral physiologic movement 
impairment is to observe the humerus positioned 
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in medial rotation and failing to rotate laterally 
during shoulder abduction (Figure 5-48). 

Order of Observed Frequency 
of Humeral Syndromes 

• Humeral anterior glide 
• Humeral superior glide (abduction) 
• Shoulder medial rotation 
• Glenohumeral hypomobility 

Establishing a specific diagnosis of a syndrome 
does not require the presence of all of the impairments 
described for a syndrome. The symptom pattern and 
impaired movement must be present. Generally the 
more impairments that are present, the greater the 
severity of the syndrome, although it is also possible to 
have just one fault that is particularly severe. 

As with all musculoskeletal pain syndromes, vari
ous stages of severity can be present. Pain in the shoul
der at rest suggests an acute inflammatory state. 
Exercise should be avoided when it is found to 

Deficient left humeral lateral rotation during shoulder flexion 
and abduction. A, The left humerus is medially rotated in the rest posi
tion. B- The left humerus remains medially rotated during shoulder flexion. 
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increase the pain in the shoulder joint after the exer
cise has ceased or if exercise increases the pain with 
the shoulder at rest. 

Humeral Anterior Glide Syndrome 
SYMPTOMS, PAIN PROBLEMS, AND AsSOCIATED DIAGNOSES. 
Pain is present in the anterior or anteromedial aspect of 
the shoulder joint. The pain is increased by gleno
humeral medial rotation, by shoulder hyperextension, 
and by horizontal abduction. Pain can also be increased 
by shoulder flexion, particularly in the range from 80 to 
180 degrees of flexion. 

There can also be pain along the proximal one 
third of the biceps brachii tendon. The pain can 
increase in this area with manual resistance to elbow 
flexion or with shoulder abduction performed with the 
elbow flexed and the glenohumeral joint laterally rotat
ed. The symptoms can be similar to those that are char
acteristic of the early stages of impingement syndrome 
or bicipital tendinopathy. 

Anterior dislocation can occur if the anterior joint 
capsule has been weakened by previous episodes of 
dislocation. Other symptoms can be associated with 
impingement syndrome, including supraspinatus 
tendinopathy and bursitis. 

MOVEMENT PATIERN IMPAIRMENTS. Excessive anterior 
motion of the humeral head into the anterior joint cap
sule is present during glenohumeral abduction, during 
the initiation of glenohumeral flexion, and on the 
return from the end range of flexion (elevation). During 
glenohumeral joint rotation with the shoulder in 90 
degrees of abduction, the anterior movement of the 
head of the humerus can be readily palpated. 

ALIGNMENT IMPAIRMENTS. In the anatomic position, 
there are three alignment impairments: 

• More than one third of the humeral head is anteri
or to the acromial process of the scapula. 

• The humeral head is more anterior than the distal 
humerus. The proximal and distal aspects of the 
humerus do not lie in the same vertical plane. 

• The shoulder appears forward, but usually the 
humerus is forward of the acromion in addition to 
the anterior tilt of the scapula. 
On the posterior surface, there is a slight indenta

tion below the acromion because the humeral head is 
anterior with respect to the glenoid. 

RELATIVE FLEXIBILITY AND STIFFNESS IMPAIRMENTS. The 
anterior joint capsule is more flexible than the posterior 
capsule and/or the glenohumeral lateral rotators. 

MUSCLE IMPAIRMENTS 
Recruitment patterns. The action of the pec

toralis major muscle as a medial rotator of the gleno
humeral joint is more dominant than the action of the 
subscapularis muscle. Because of the attachment of 
the pectoralis major muscle onto the crest of the 

greater tubercle of the humerus, contraction of this 
muscle pulls the head of the humerus into the anterior 
joint capsule. This anterior pull should be counteracted 
by the downward, posteriorly directed pull of the sub
scapularis muscle. If the subscapularis muscle is too 
long or weak to counteract the pull of the pectoralis 
major muscle and the anterior joint capsule is 
stretched, contraction of the pectoralis major muscle 
would contribute to anterior glide of the humeral head. 

The infraspinatus and teres minor muscles are 
recruited more strongly than the subscapularis muscle 
when acting as depressors of the humerus. In this situ
ation, the dominant activity of the lateral rotator
depressors would add to the stiffness of the posterior 
joint capsule, restricting the posterior glide of the 
humeral head. 

Muscle length and strength impairments. The 
lengthened or weak subscapularis muscle permits the 
anterior glide of the humeral head as discussed previ
ously. Shortness of the scapulohumerallateral rotators 
(infraspinatus and teres minor muscles) contributes to 
the stiffness of the posterior capsule, thus preventing 
the posterior glide of the humeral head as discussed 
previously19,27 (see Figure 5-42). Shortness of the pec
toralis major muscle can contribute to medial rotation 
of the humerus and the anterior position of the humer
al head. In addition, shortness of the pectoralis major 
can contribute to the abducted position of the scapula 
and to increased anterior glide of the humerus during 
shoulder lateral rotation and horizontal abduction. 

CONFIRMING TEST. The therapist prevents the anteri
or glide of the humeral head during shoulder rotation 
and flexion, which decreases the patient's symptoms. 

TREATMENT. The emphasis of the treatment pro
gram is to correct the anterior position of the humeral 
head at rest and to prevent the anterior glide during 
motion. Therefore it is necessary to shorten and 
strengthen the subscapularis muscle. Frequently, stiff
ness or shortness of the humeral lateral rotators is pre
sent and must be corrected to enable the humeral head 
to glide posteriorly. A key exercise improves the pas
sive range into medial rotation. The exercise used most 
frequently is performed in the supine position with the 
glenohumeral joint abducted to approximately 90 
degrees and with the elbow flexed. The patient uses the 
contralateral hand to prevent anterior glide of the 
humeral head while allowing the shoulder to medially 
rotate. If the humeral lateral rotators are short, a light 
weight may be held in the hand to assist the medial 
rotational force. The weight should be heavy enough to 
pull the arm into medial rotation but not so heavy that 
the patient cannot allow the lateral rotators to relax. 

Another exercise is horizontal adduction, per
formed passively with the scapula stabilized against a 
wall when the patient is standing or against the floor 



_______________________________________________ ~ __ ov_e_m_e_n_t_Im~p_aJ_·nn __ e_nt_s~~~n_3_r_om __ e~_o~f_t~he __ sh~o_u_ffi_e_r_G_i_r3_C_e __ .~23 
C HAPTER FIvE 

when the patient is in the supine position. The shoulder 
and elbow are flexed to 90 degrees, and the patient uses 
the contralateral hand to grasp the arm at the elbow 
and passively pull the arm into horizontal adduction. In 
the standing position facing a wall, the patient can per
form shoulder flexion while maintaining lateral rota
tion. He or she can also lean onto the arm while per
forming this exercise, after the shoulder is flexed to 
more than 90 degrees to assist in the inferior and pos
terior glide motions. If shortness of the pectoralis 
major muscle is present, it should be stretched. Once 
the optimal medial rotation range has been achieved, 
strengthening the subscapularis muscle becomes par
ticularly important. 

The best exercise to strengthen the subscapularis 
muscle is performed lying on a table or bed in the 
prone position with the shoulder abducted to 90 
degrees and the elbow flexed to 90 degrees. The fore
arm is positioned so that it is hanging over the edge of 
the bed. Often the patient must initially learn to main
tain the glenohumeral joint at the end range of medial 
rotation before performing the strengthening exercise. 
If an assistant is available, the arm is positioned at the 
end range, and the patient must maintain this position 
with an isometric contraction. The patient then gradu
ally allows the glenohumeral joint to laterally rotate 
(eccentric contraction) about 40 to 50 degrees before 
concentrically contracting the medial rotators. The pri
mary challenge is to elicit the participation of the sub
scapularis muscle and not the pectoralis major and 
teres major muscles. The position just described with 
the emphasis on the end of the range appears to be the 
most optimal for this purpose. 

In the quadruped position, rocking from the neu
tral position backward toward the heels also helps by 
creating forces that favor posterior glide of the humer
al head. The patient should push back with his arms 
rather than flexing his hips to rock backward. The exer
cise previously described with the patient facing the 
wall and gliding the hand up the wall from an elbow 
flexed position to full shoulder flexion with the elbow 
extended also promotes humeral head depression and 
posterior glide. 

Another treatment to assist in reducing the stress 
on the anterior joint capsule is taping the anterior 
shoulder joint directing the force to pull the humeral 
head posteriorly. Correcting scapular alignment, 
which is often the forward or depressed position, is 
also necessary. 

Case Presentation 1 
History. A 34-year-old woman has pain in the ante

rior superior area of her left shoulder. The pain occurs 
primarily during shoulder abduction, particularly 
against resistance, and during shoulder flexion at the 

end of the range. The pain has been present for 3 weeks 
and is rated at a severity of 3 to 4 out of 10 during these 
motions. She does not have pain at rest, nor is she 
awakened by pain at night. Her primary recreational 
activity is ballroom dancing. She has been performing a 
program of upper extremity weight training. 

Alignment Analysis. The patient has a slight tho
racic kyphosis, and her scapulae are abducted and 
slightly depressed. Both scapulae are positioned more 
than 3 inches from her vertebral spine. More than one 
third of the head of the left humerus extends beyond 
the acromion. The proximal end of the humerus is ante
rior to its distal end. The humeral alignment of the right 
upper extremity is normal. 

Her thoracic kyphosis is decreased when the ther
apist provides support at the apex of the outward curve 
of the thoracic spine and the patient lifts her chest. 
Shortness of her rectus abdominis muscles is the pri
mary cause of the thoracic kyphosis. Passive posterior 
tilting and adduction of her scapula is met with resis
tance, suggesting shortness of the pectoralis minor 
muscle. 

Movement Analysis. During shoulder flexion, the 
scapula remains depressed and does not adduct at the 
end range of shoulder flexion . Medial rotation of 
the humerus is observed during shoulder flexion, initi
ated with the elbow flexed; however, the elbow then 
extends as the shoulder flexion motion is completed. 
At the end of the range, she notes some pain in the 
shoulder. If she slides her hand up a wall, creating a 
slight posteroinferior force on the humerus while main
taining lateral rotation, the motion is performed with
out symptoms. A similar test is performed in the prone 
position with the same findings. In the standing posi
tion, with the shoulder in the anatomic position and the 
elbow flexed, the humeral head can be observed to 
glide anteriorly when she performs lateral rotation. 

Muscle Length and Strength Analysis. Shortness of 
the pectoralis minor muscles is found, indicated by for
ward shoulders in the supine position and by marked 
resistance noted on attempting to stretch the pectoralis 
minor muscles. The left lateral rotators are short, indi
cated by medial rotation limited to 50 degrees. Anterior 
glide of the humeral head is observed during gleno
humeral medial rotation. Medial rotation of the right 
humerus is 70 degrees. Lateral rotation range of humer
al motion is 90 degrees bilaterally. The left shoulder 
flexion range of motion is 180 degrees, but the lateral 
border of scapula extends 1 inch beyond the lateral 
border of thorax, indicating shortness of the teres 
major. The range of right shoulder flexion is 180 
degrees with normal scapular position. The left shoul
der medial rotators test 3+/5, and the right medial rota
tors test 5/5. The left lower trapezius muscle tests 415, 
and the right trapezius muscle tests 5/5. 
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Diagnoses. The patient is diagnosed with humeral 
anterior glide and scapular abduction syndromes. 

Treatment 
Supine Exercises 
• The patient is instructed in the correct tech

nique to stretch the pectoralis minor muscle using an 
assistant. 

• The patient performs shoulder flexion while 
maintaining a flat back and takes a deep breath at the 
end of the range of shoulder flexion to stretch her 
abdominal muscles. 

• She performs shoulder medial rotation, being 
careful to avoid anterior glide of the humeral head. 

Prone Exercises. The patient is lying in the prone 
position on a plinth with her left shoulder and elbow 
flexed to 90 degrees and her forearm hanging off the 
edge of the table. The left arm is placed in maximal 
medial rotation with her hand supported on a small 
table placed along side the plinth and a towel roll 
placed under the humeral head to ensure avoidance of 
anterior glide. The patient extends her elbow just 
enough to clear her hand from the table, thus eliminat
ing the passive support of her shoulder in medial rota
tion. She then allows the shoulder to laterally rotate 
(eccentric medial rotation) through a range of 20 
degrees and then returns the arm to the starting posi
tion. Care is taken to avoid substitution by shoulder 
extension. 

Quadruped Exercises. The patient starts in a neutral 
position and then rocks backward toward the heels. 

Standing Exercises 
Facing the wall. The patient is positioned with the 

ulnar side of her hand against the wall, the elbows 
flexed, and the shoulders laterally rotated. The patient 
slides her hands up the wall from the starting position 
to complete shoulder flexion with elbow extension. 
During this motion, when the shoulder has become 
flexed to 90 degrees, the patient shrugs her shoulders 
to exaggerate the activity of the upper trapezius as she 
continues to reach into full flexion. At the end of the 
range, she lifts her arms off the wall by adducting the 
scapula. 

Back to the wall. With elbows flexed, the patient 
performs shoulder flexion, being sure to maintain lat
eral rotation as the shoulder flexes. At the end of shoul
der flexion, the patient takes a deep breath to stretch 
the rectus abdominis muscles. From the same starting 
position, the patient performs shoulder abduction. If 
pain is present, she tries to adduct her left scapula 
before abducting her shoulder from 90 degrees to full 
elevation, which relieves the pain. 

Outcome. The patient is seen weekly for 4 weeks 
and then once every 2 weeks for two additional visits. 
Within 2 weeks the patient achieves 70 degrees of medi-

al rotation but has to apply strong pressure to the prox
imal humerus to prevent anterior glide of the head. In 
the prone position she can medially rotate her arm 
from a neutral position to 70 degrees. She does not 
have pain with abduction or flexion as long as she 
adducts her scapula before reaching the end of the 
range of shoulder flexion. After 4 weeks the shoulder 
rotation exercises in the supine and prone positions are 
performed using 2-pound weights. She also performs 
the lower trapezius exercise (level 3) in prone. The 
muscle shortness is corrected quickly. 

She returns for two more sessions, at which time 
she is told to increase her weights to 3 and then to 4 
pounds in each hand. She also begins using 2-pound 
weights during the motion of elbow and shoulder flex
ion to elbow extension. At the end of 6 weeks she is 
pain free with all motions and no longer demonstrates 
anterior glide of the humeral head during prone or 
supine shoulder rotational movements. 

Humeral Superior Glide Syndrome 
SYMPTOMS, PAIN PROBLEMS, AND ASSOCIATED DIAGNOSES. 
Typically sharp pain is present around the anterior and 
lateral aspects of the acromial process during shoulder 
abduction, medial rotation, and lateral rotation. 
Sometimes the pain is referred to the area around the 
insertion of the deltoid muscle. 

• Impingement syndrome 
• Supraspinatus tendinopathy 
• Subacromial or subdeltoid bursitis 
• Bicipital tendinopathy 
• Calcific tendinitis 
• Rotator cuff tear 
• Early stages of adhesive capsulitis 

MOVEMENT PATTERN IMPAIRMENT. During gleno
humeral flexion, abduction, or elevation, there is 
excessive proximal movement of the head of the 
humerus against the acromion (the humeral head fails 
to depress or to inferior-glide). This impairment is 
most evident during glenohumeral joint abduction. 
Often this syndrome is accompanied by the scapular 
downward rotation syndrome. 

Alignment 

STRUCTIJRAL VARIATIONS 
None have been identified that specifically contribute to this 
syndrome. 

ACQUIRED IMPAIRMENTS 

• The shoulders are elevated, and the head of the humerus appears 
to be superior, positioned very close to the acromion (Figure 5-49) . 
Normally there are about 9 to 10 mm between the humeral head 
and the acromion in the anatomic position.2s The shoulders are 
abducted. 
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Superior position of humeral head. 

• The shoulders are at normal height, but the head of the humerus 
appears to be in a superior position in the glenoid and pushing 
against the acromion. In some cases the head of the humerus is 
positioned slightly anterior and projects slightly superior to the 
acromion. 

• The shoulder is depressed, which means the glenohumeral joint is 
in abduction. When the shoulder height is passively corrected, the 
head of the humerus appears to be jammed against the acromion. 

• The shoulder is depressed, and the humerus is also abducted as 
indicated by the shaft of the humerus not resting along the side of 
the thorax. 

RELATIVE FLEXIBILITY AND STIFFNESS IMPAIRMENTS. The 
humeral motion, particularly the component of superi
or glide, is more flexible than the scapular motion. The 
thoracoscapular joint moves through its range more 
readily than the glenohumeral joint because this 
motion becomes compensatory for the limited gleno
humeral joint motion that results from the lack of infe
rior glide of the humeral head. 

M USCLE IMPAIRMENTS 

Recruitment pattern. During glenohumeral joint 
abduction the contraction of the deltoid muscle is not 
counterbalanced by the humeral depressors. With 
abduction the prominence of the head of the humerus 
is particularly evident by what appears to be an 
upward projection, or a point, at the tip of the shoul
der. During abduction the entire deltoid muscle is con-
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tracting and its dominant superior pull on the 
humerus results in superior glide and impingement of 
the humeral head against the acromioclavicular liga
ment or the acromion. If the supraspinatus muscle 
and the other humeral depressors are appropriately 
counteracting this pull, the humeral head will not 
glide superiorly. 

If the patient flexes his or her shoulder with the 
elbow flexed, there is less participation of the deltoid 
muscle and the humeral head does not glide superiorly. 
The lack of superior glide, when only a portion of the 
deltoid muscle is being activated, indicates that the 
impingement is not primarily a result of the muscle 
shortness but is a result of dynamic action of the del
toid muscle. During glenohumeral joint flexion/eleva
tion, there is insufficient participation of the muscles 
that depress the head of the humerus. 

Muscle length and strength impairments. Short
ness of the deltoid muscle causes the humerus to be 
held in abduction. Depending on the degree of muscle 
shortness, the shoulders become depressed so that the 
arms can be positioned closer to the side of the body 
rather than allowing the arms to project laterally from 
the body. In other circumstances, rather than observing 
abduction of the glenohumeral joint, the short deltoid 
pulls the head of the humerus superiorly against the 
acromion (Figure 5-50). 

If the humerus is pulled superiorly, short lateral 
rotators can cause compression of the humeral head 
against the glenoid fossa restricting depression. This 
restriction of posterior, inferior, and lateral capsular 
structures interferes with the inferior glide of the 
humeral head during shoulder flexion and abduction. 

Short medial rotators, particularly the teres major 
muscle, can result in superior glide. Both the lateral 
and medial rotators can be short. 

CONFIRMING TESTS. The patient's symptoms should 
decrease as he or she flexes the shoulders, starting with 
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the elbows flexed and then letting the elbows extend as 
the shoulder flexes from 90 to 180 degrees. The patient 
can also be instructed to avoid superior glide of the 
humeral head during shoulder flexion by sliding the 
ulnar side of the hand up the wall, which increases 
the amount of shoulder lateral rotation, and by exert
ing a light pressure against the wall. Performing shoul
der flexion in this manner should decrease the symp
toms. The patient's symptoms should also be reduced if 
he or she performs shoulder abduction by initiating the 
movement with the elbows flexed to 90 degrees and 
trying to minimize the recruitment of the deltoid mus
cle by "thinking about letting the arms float" into the 
shoulder abducted position. 

TREATMENT. The primary focus of treatment is to 
increase the length of the deltoid muscle if it is short 
and to diminish the dominant activity of this muscle. If 
the shoulder is downwardly rotated or dropped, the 
patient must keep it supported in the correct alignment 
and perform the exercises described previously. When 
the shoulder is maintained in the correct degree of ele
vation, the weight of the arm and forearm usually pulls 
the glenohumeral joint into adduction. In the supine 
position, the patient should perform medial and lateral 
rotation to achieve full range of motion. In the prone 
position, the patient should practice lateral rotation, 
ensuring that the axis of rotation is correct and that he 
or she uses the infraspinatus and teres minor muscles 
primarily and not the posterior deltoid muscle. 

The patient should avoid performing lateral rota
tion with the shoulder in adduction because the action 
of the deltoid muscle contributes to superior glide of 
the humerus. The patient also should avoid abduction 
exercises and resisted shoulder flexion exercises with 
the elbow extended. Shoulder flexion should be per
formed by sliding the arm up a wall and exerting a 
downward pressure to depress the head of the 
humerus. The patient must also avoid a tendency to 
lean on the elbow or hand. 

Case Presentation 2 
History. The patient is a 16-year-old female with 

shoulder pain. The pain is greater on the right than on 
the left and occurs with shoulder flexion or abduction 
to about 100 degrees. The pain is cumulative (Le., the 
intensity is minimal during each motion, but after 
repeated motions her shoulders ache and remain 
painful for several hours) . She has been a competitive 
swimmer since 6 years of age. Early in her career as a 
swimmer, she was ranked at the top of her age group. 
As she matured, she failed to reach her competitive 
potential in spite of working extremely hard and devel
oping enough body size to have the physical require
ments. The patient is doing weight training to improve 

the strength of her arms and shoulders but still has not 
improved her swimming abilities as indicated by her 
times. In spite of her episodes of shoulder pain, the 
patient continues to swim and to do weight training 
exercises. When observed by an instructor during one 
of her weight training exercises, it is noted that she 
cannot keep her arms at her side or keep her shoulders 
level during shoulder extension exercises. 

Alignment Analysis. The patient is 5 feet 7 inches 
tall with broad shoulders. She has a slight thoracic 
kyphosis and weak abdominals. The entire shoulder 
girdle is elevated bilaterally, and her arms are abducted 
away from her sides. When the shoulder is passively 
adducted by the examiner, she experiences pain 
around the anterior superior aspect of her shoulder. 
When the pressure into adduction is released, the 
humerus immediately abducts again. Her scapulae are 
abducted, but the humerus appears to be in neutral 
rotation. The degree of scapular abduction is enough 
that the humerus should appear medially rotated to be 
in a neutral position. 

Movement Analysis. When the shoulder is flexed to 
approximately 120 degrees, there is a rapid and abrupt 
medial rotation of the humerus with a slight popping 
sound. The humerus also appears to be gliding superi
orly rather than maintaining a constant relationship 
with the glenoid during the flexion motion. Upon 
returning to the neutral position, the humerus again 
appears to glide superiorly. During shoulder flexion she 
extends her thorax to counterbalance the weight of her 
arms. She is unable to complete the shoulder flexion 
motion if the examiner prevents the posterior shift of 
her thorax. 

Muscle Length and Strength Analysis. The trapezius 
and rhomboid muscles are short based on the elevated 
shoulder position. The degree of shortness could not 
be accurately determined because of the abducted 
position of the scapula. The deltoid and supraspinatus 
muscles are short based on the findings that her arms 
are abducted in the standing position and when pas
sively adducted and then released, they return to the 
abducted position. 

The lateral rotators are stiff based on the finding 
that during medial rotation the humerus glides superi
orly and slightly anteriorly. When a constant position of 
the humerus is achieved by pressure being applied by 
the examiner, the rate of passive medial rotation is 
notably slow, but with repeated motions the range is 
within normal limits. 

The lower and middle trapezius muscle tests 4-/5. 
When testing the lateral rotator muscle strength, the 
deltoid muscle immediately becomes dominant, caus
ing the humerus to extend, the scapula to wing, and the 
head of the humerus to glide superiorly. During both 
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medial and lateral rotation, the patient immediately ini
tiates scapular motion rather than just rotating the 
humerus about its axis. 

The serratus anterior muscle tests 4-/5, and in the 
quadruped position there is winging of the scapula 
when her weight is slightly toward her heels and the 
load on the serratus anterior muscle is much less than 
in the neutral quadruped position. 

Diagnosis. The patient is diagnosed with humeral 
superior glide (primary) and scapular abduction (sec
ondary) syndromes. The shortness of the deltoid mus
cle, the superior position of the humeral head, and the 
dominance of the deltoid muscle during rotation and 
flexion are contributing factors to the humeral superior 
glide syndrome. 

Treatment. The primary emphasis of the program 
is to stretch the deltoid muscle and to decrease its 
dominance. Of equal importance with this patient is 
improving the control of the trapezius and the serratus 
anterior muscles because it is apparent that the 
impaired control of the scapula is contributing to the 
superior glide of the humerus. While in the supine posi
tion with the shoulder abducted to 80 degrees, the 
patient is instructed to restrict all but the rotational 
motion of the humerus with the contralateral hand 
while performing medial and then lateral shoulder rota
tion. In the prone position the patient is taught to per
form lateral rotation with special attention to perform
ing pure humeral rotation, isolating the teres minor and 
infraspinatus muscles. In the prone position the patient 
is asked to practice medial rotation without allowing 
scapular motion or superior glide of the humeral head. 

In the standing position facing a wall, the patient 
performs shoulder flexion by sliding her hand up the 
wall with light pressure to create a downward force on 
the humerus while maintaining lateral rotation of the 
humerus and to avoid medial rotation. After her shoul
ders are flexed to 160 degrees, she lifts her arms away 
from the wall by adducting and depressing her scapula. 
This exercise is to improve the performance of the 
trapezius muscle and to correct the abducted position 
of the scapula. To stretch the deltoid muscle, she is 
instructed to stand with her arm at her side and to use 
the other hand to passively adduct the humerus. 

The patient is instructed to perform these exer
cises frequently during the day, particularly the wall 
exercises. She also learns to relax her shoulders to 
correct the elevation and not to lean on her forearms 
or push down with her hands when moving herself 
while sitting. 

Outcome. At her second visit the patient's arms are 
by her side, but her shoulders are still elevated. She can 
flex her shoulders if the elbows are flexed at initiation 
of the motion and she then extends them as the shoul-

der motion progressed from 90 to 180 degrees. Her 
shoulder range of motion is within normal limits, and 
there is a minimal tendency for her shoulder to tilt for
ward during medial rotation. During shoulder flexion, 
no popping sound is evident. She still has pain at the 
end of the flexion range of motion. 

The patient comments on how difficult it is for her 
to perform the shoulder abduction exercise while 
standing with her back against the wall. She states that 
her arms became very tired after only six to eight repe
titions. When attempting to use the shoulder extension 
machine with the lowest amount of resistance, she has 
popping in her shoulder during both the assisted flex
ion and the resisted extension. 

Within 4 weeks the patient can flex her shoulders 
to 180 degrees with her elbows extended and without 
movement of her trunk. She starts a program of shoul
der medial and lateral rotation in the prone position 
with a I-pound weight. Every attempt is made to ensure 
that she is using her rotator cuff muscles and to mini
mize the participation of the deltoid. 

After 6 weeks she can perform all straight plane 
motion of her shoulders without pain or "popping" sen
sations. She can also tolerate 4 pounds of resistance to 
all shoulder motions and maintain optimal movement 
of the humerus and scapula. The only motion that still 
causes popping is a simulated swimming motion of her 
shoulders. This motion involves shoulder extension 
with the elbow flexed followed by shoulder medial 
rotation and abduction to 160 degrees with additional 
medial rotation; the shoulder moves toward flexion and 
the elbow extends. The patient is encouraged to use 
more pronation of the forearm to achieve the correct 
position of the hand rather than medially rotating the 
shoulder excessively to achieve the correct hand posi
tion. The patient is to continue with her exercise pro
gram, gradually increasing the resistance that she is 
using. She is not to resume swimming until she can per
form the motion of her shoulder required by swimming 
without a popping sensation. 

Shoulder Medial Rotation Syndrome 
SYMPTOMS, PAIN PROBLEMS, AND ASSOCIATED DIAGNOSES 

• Pain is usually present at the lateral and anterior 
aspects of the humeral head in the region of the 
acromion. 

• The onset of pain is usually between 80 and 180 
degrees of shoulder flexion or shoulder abduction 
or both. 

• The insufficiency of lateral rotation of the 
humerus creates stress on subacromial structures 
and impingement of soft tissues in this region. 

• Impingement 
• Supraspinatus tendinopathy 
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• Subacromial/subdeltoid bursitis 
• Bicipital tendinopathy 
• Calcific tendinitis 
• Rotator cuff tear 
• Early stages of adhesive capsulitis 

MOVEMENT PATTERN IMPAIRMENTS 
• The humerus is medially rotated with the shoulder 

in the anatomic position. 
• During shoulder flexion there is insufficient later

al rotation of the humerus. 
• Medial rotation is observed during the middle and 

at the end of the range of glenohumeral joint 
abduction/elevation. This observation can best be 
made when the patient performs shoulder flexion 
with the elbows flexed. As the patient flexes the 
shoulders with the arms moving in the sagittal 
plane, the involved elbow can be observed to 
move laterally, usually earlier and to a greater 
degree than on the contralateral arm. The lateral 
motion of the elbow is humeral medial rotation. 
Usually, if the patient prevents the medial rotation, 
there is less pain and the shoulder flexion range is 
increased. 

Alignment 

STRUCTURAL VARIATIONS 
• Broad hips can contribute to a larger-than-normal carrying angle of 

the elbow. With a large carrying angle, the forearm is usually 
pronated and often the glenohumeral joint is medially rotated. 

• Narrow shoulders can contribute to this alignment for the same 
reasons. 

ACQUIRED IMPAIRMENTS (acquired through habitual postures or 
movement patterns) 

• In the standing position, the humerus is medially rotated as indicat
ed by the cubital fossa facing medially and the olecranon pointed 
latera lly (Figure 5-51). 

• The scapula is abducted but not tilted, and the humerus appears 
medially rotated as indicated by the alignment of the cubital fossa. 
Correction of the scapula does not correct the glenohumeral 
position. 

• The shoulders are depressed, which is actually glenohumeral 
abduction and causes the same alignment changes as described 
previously. 

RELATIVE FLEXIBILITY AND STIFFNESS IMPAIRMENTS. The 
lateral rotators may be more extensible than the medi
al rotators. If the scapula is also depressed or tilted, 
then the glenohumeral lateral rotators may be short or 
stiff at the end of the range. The faulty position of the 
scapula is the compensation associated with short or 
stiff humeral lateral rotators. If the scapular alignment 
is correct, then it is not likely that the lateral rotators 
will be short. Although humeral medial rotation may be 

the patient's problem, the glenohumeral lateral rotators 
may still be short or stiff, thus limiting the range of 
medial rotation. 

MUSCLE IMPAIRMENTS 
Muscle recruitment patterns. During glenohumer

al joint flexion/abduction, the shoulder medial rotators 
are recruited, particularly the pectoralis major and the 
teres major muscles. Patients who have shortness and 
dominance of the teres major usually participate in 
work or sports that require sustained humeral medial 
rotation. Examples of such activities are sawing, water
skiing, and windsurfing. 

The action of the latissimus dorsi muscle is domi
nant, causing excessive glenohumeral medial rotation. 
For example, when allowing the shoulder to return to 
flexion after doing resistive shoulder extension with 
weight-training equipment (latissimus dorsi pull 
downs), the humerus cannot sufficiently laterally 
rotate because of the dominant activity of the latis
simus dorsi muscle. 

MUSCLE LENGTH AND STRENGTH IMPAIRMENTS 
• Shortness of the glenohumeral joint medial rota

tors can limit the range into lateral rotation. 
• Shortness of the pectoralis major muscle can limit 

the range into flexion unless there is compensato
ry glenohumeral medial rotation or the rib cage 
elevates. 

• Shortness of the latissimus dorsi muscle can limit 
glenohumeral joint flexion range unless there is 
compensatory humeral medial rotation or lumbar 
spine extension. 

• Teres major shortness can be a factor because it is 
also a glenohumeral medial rotator. 

• The glenohumeral lateral rotators are not always 
short. Usually when these muscles are short there 
is also an associated faulty scapular position. To 
assess shortness, the range is measured with the 
patient lying supine and the shoulder abducted to 
90 degrees. The medial rotation range should be a 
minimum of 70 degrees. 
CONFIRMING TESTS. When the patient performs 

shoulder flexion and the humerus is maintained in lat
eral rotation throughout the range, the symptoms 
should be decreased. Maintaining glenohumeral lateral 
rotation during shoulder abduction should also 
decrease the symptoms. 

TREATMENT. The emphasis of the treatment pro
gram should be on improving the control of humeral 
lateral rotators. Therefore if the medial rotators are 
short, they need to be stretched. If the teres major 
muscle is short, it is important to stretch it. To effec
tively stretch the teres major muscle, the patient must 
restrain the scapula as the shoulder is flexed. The con
trol by the lateral rotators should be improved so that 
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the glenohumeral joint is maintained in the correct 
alignment during flexion and abduction. If necessary, 
resistive exercises can be used for the glenohumeral 
lateral rotators. 

The scapula should not abduct or wing during 
shoulder lateral rotation. This is best observed when 
the patient is prone with the shoulder abducted to 90 
degrees and the elbow is flexed to 90 degrees. The fore
arm is hanging over the edge of the table. As the patient 
performs lateral rotation, palpation of the vertebral 

A 
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border of the scapula indicates that it moves along with 
the humerus; ideally only the humerus should be mov
ing. The patient must be taught to keep the scapula 
immobile by contracting the scapular adductors and 
the serratus anterior muscle and by minimizing the 
contraction of the muscles performing glenohumeral 
lateral rotation (e.g., have the patient use only one 
tenth of the normal effort). During shoulder medial 
rotation in this position, there is also a tendency for the 
scapula to elevate or to anteriorly tilt. 

Shoulder medial rotation syndrome. A, Standing alignment of shoulder medial rotation is demonstrated, 
left greater than right. 8, Short latissimus dorsi muscles. C; Short medial rotator muscles. D, Short lateral 
rotator muscles. 
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Case Presentation 3 
History. A 29-year-old triathlete presents with left 

shoulder pain. The pain occurs when he is swimming 
and with other overhead motions. He does not have 
pain at rest, and he is pain free except when reaching 
overhead, particularly if the motion is initiated with 
abduction. The onset of his symptoms is 4 months 
before the beginning of physical therapy. Initially the 
symptoms are relatively infrequent and occur primarily 
after swimming. One month before physical therapy 
begins, his symptoms are present with all overhead 
activities. His orthopedic surgeon diagnoses his condi
tion as impingement syndrome. Antiinflammatory med
ication is prescribed. 

The patient has a managerial position that is 
sedentary. His daily exercise program includes an aero
bic activity, such as running or cycling, and weight
training exercises three times a week for both his 
upper and lower body. The patient is right handed. 

Alignment Analysis. The patient has a stocky build 
with a mild degree of thoracic kyphosis. His shoulders 
are slightly depressed, and his scapulae are adducted 
(21/2 inches from the vertebral spine) but not rotated. 
His left shoulder joint is slightly abducted and medially 
rotated. Because his scapulae are adducted, the gleno
humeral joint should normally be in some degree of lat
eral rotation. He has a slightly protruding abdomen 
with poor definition of his abdominal muscles. 

Movement Analysis. During shoulder flexion, the 
humerus rotates medially before he reaches 90 degrees 
of flexion. His back also extends as he performs shoul
der flexion. During shoulder abduction, the shoulder 
joint remains medially rotated. The inferior angle of the 
scapula is close to the midaxillary line at the comple
tion of shoulder flexion. When the patient laterally 
rotates his humerus during the flexion and abduction 
movements, his range is decreased but he does not 
experience pain at the end of the range. 

Muscle Length and Strength Analysis. The following 
muscles are short: pectoralis major muscle (sternal 
portion), latissimus dorsi muscle (with back flat, shoul
der flexion to 165 degrees), teres major muscle (scapu
la protrudes 3f4 inches beyond the lateral thorax when 
the shoulder is flexed to 165 degrees); and other humer
al medial rotators (with the shoulder abducted to 90 
degrees, elbow flexed to 90 degrees, and lateral rota
tion range to 80 degrees) . The serratus anterior muscle 
tests weak at 4/5. 

Diagnosis. The patient is diagnosed with shoulder 
medial rotation syndrome. 

Treatment 
Supine Exercises 
• The pectoralis major muscle stretch is done 

with a flat back and the shoulder in 145 degrees of 

abduction with a 4-pound weight held in his hand. The 
patient moves into the position and allows the weight 
to pull his shoulder into abduction for a prolonged peri
od to stretch the muscle. 

• The latissimus dorsi muscle stretch is done with 
a flat back and the shoulder in maximum flexion with a 
4-pound weight in his hand. The position of the muscle 
stretch is maintained for as long as possible. 

• The teres major muscle stretch is performed 
with a flat back and the shoulder flexed while holding a 
2-pound weight in his hand. He holds the lateral border 
of the scapula with his contralateral hand to prevent 
excessive abduction or lateral movement of the scapu
la from the thorax. Sustained stretching should be used 
with this exercise. 

• With the shoulder abducted to 90 degrees and 
the elbow flexed to 90 degrees, he holds a 2-pound 
weight in his hand and allows the shoulder to laterally 
rotate as far as possible. He maintains the stretch for a 
short period of time, returns to the starting position, 
and repeats the motion four to six times. 

Standing Exercises 
• With his back to the wall, he performs shoulder 

flexion by initiating the movement with the elbows 
flexed and is careful to maintain lateral rotation by 
keeping his olecranons pointing anteriorly. 

• While facing the wall, he is instructed to flex his 
shoulders by sliding his hands up the wall with an 
emphasis on upward rotation and abduction of his 
scapulae. 

Quadruped Exercises. In the quadruped position, he 
rocks backward toward his heels and then forward 
with an emphasis on allowing his scapulae to rotate 
and abduct as he moves forward. 

Outcome. The patient is seen four times over a 6-
week period. By the second week the patient has nor
mal length of the pectoralis major and latissimus dorsi 
muscles. He can flex his left shoulder to 175 degrees 
and maintain enough lateral rotation to prevent the 
onset of pain. He is then started on active abduction in 
the standing position and begins lateral rotation in the 
prone position with a 2-pound weight. 

On his third visit, he can perform full ranges of 
motion without pain. He is instructed to increase the 
weights by another 2 pounds and to increase the num
ber of repetitions. He also has resumed his swimming, 
but only for short periods of time. 

At the end of 6 weeks, the patient can use 5- to 6-
pound weights for all of his exercises and is performing 
three sets of 10 repetitions. He is swimming regularly 
and comfortably but is not swimming as intensely or 
for as long as before his injury. He is to continue to 
slowly increase his swimming program and to perform 
his stretching exercises routinely after swimming. 
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Humeral Hypomobility Syndrome 
SYMPTOMS, PAIN PROBLEMS, AND ASSOCIATED DIAGNOSES. 
Adhesive capsulitis and frozen shoulder are the prima
ry problems involved in humeral hypomobility syn
drome. This syndrome is found twice as often in 
women as in men23 and usually occurs in individuals 
between 40 and 70 years of age4 in the nondominant 
arm. Hi Frozen shoulder is two to four times more com
mon in patients with diabetes and approximately six 
times more common in insulin-dependent patients.4 

The three stages of humeral hypomobility syndrome 
are (1) the painful inflammatory phase, (2) the frozen 
or stiff phase, and (3) the thawing phase. Each of these 
can last from 2 to 9 months. 

During the acute phase of adhesive capsulitis 
before the full development of a frozen shoulder, the 
patient may experience relatively constant aching. Most 
shoulder motions, particularly those that are sudden 
and involve reaching forward or downward, are painful. 
All overhead and abduction motions are painful. Often 
the recumbent position is painful whether the patient is 
lying supine or on the side. The prone position is almost 
impossible to assume unless pillows are placed under 
the thorax, the arm is kept at the side, and a specific 
support is placed under the head of the humerus. The 
patient is unable to lie on the side of the affected shoul
der because pressure against the shoulder is painful. 
When the patient lies on the nonpainful side, it is painful 
if the shoulder drops forward. As the condition pro
gresses to frozen shoulder, medial and lateral rotation 
ranges and abduction become limited. Passive flexion 
range, although limited, is usually the most pain free. 

Range of motion is limited by at least 400A> to 500A> in 
all directions. During the acute phase repetition of shoul
der motion is followed by increased aching in the joint. 

MOVEMENT PATTERN IMPAIRMENTS 
• The scapula and humerus move in a one to two 

ratio throughout the available glenohumeral joint 
flexion/elevation range. 

• During shoulder flexion and abduction, movement 
occurs more readily at the thoracoscapular joint 
than at the glenohumeral joint. 

• Excessive scapular elevation and trunk motion 
occur during attempts to perform glenohumeral 
joint flexion/abduction. 

• Shoulder medial and lateral rotation is markedly 
limited. The patient is able to rotate the humerus 
laterally enough to prevent impingement of the 
greater tuberosity of humerus on the coracoacro
mial ligament. The lack of medial rotation range 
prevents the patient from reaching behind the 
back or to the side. 

• Shoulder medial rotation is associated with 
marked anterior tilt of the scapula. 

Alignment 

STRUCTIJRAL VARIATIONS 
None have been identified for this syndrome. 

ACQUIRED IMPAIRMENTS 

The head of the humerus is often positioned in anterior and/or supe
rior glide. 

RELATIVE FLEXIBILITY AND STIFFNESS IMPAIRMENTS. The 
thoracoscapular joint is more flexible (Le., moves 
through its range more readily) than the glenohumeral 
joint. 

MUSCLE IMPAIRMENTS 
Recruitment pattern 

• Similar to the humeral superior glide syndrome, 
the most dominant activity involves the deltoid 
muscle. 

• Because of the restricted glenohumeral joint 
motion, thoracoscapular joint movements are 
more dominant than glenohumeral joint move
ments. Examples of scapular compensatory 
motions are excessive elevation instead of gleno
humeral joint flexion or abduction, scapular 
adduction instead of glenohumeral lateral rota
tion, and scapular abduction instead of gleno
humeral medial rotation. 

• Because of the shortness of the soft tissues, the 
range of motion is limited during both passive and 
active motion. 
Muscle length and strength impairments 

• There is shortness of most if not all of the scapu
lohumeral muscles. 

• There is excessive length of the serratus anterior 
and lower trapezius muscles. 

• The glenohumeral joint flexion and rotation range 
of motion is limited by soft tissue shortness that 
includes both capsular and muscular tissue. 

• All the glenohumeral joint muscles are weak, 
which is the consequence of the restricted 
range of motion and the inflammation of the 
joint capsule. 
CONFIRMING TESTS. The available range of motion 

and the symptoms that are elicited are similar with pas
sive and active motion. During the acute phase, active 
motion elicits pain earlier in the range than passive 
motion. 

TREATMENT. The patient should be advised that 
recovery of shoulder motion can take many months. 
Depending on the stage of inflammation when the 
patient starts physical therapy, the management can be 
variable. Initially, the therapist's roles may be to teach 
the patient how to use relatively pain-free positions 
when recumbent and when sitting, perform self-
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ranging techniques, tape the shoulder, and apply ice. 
The author does not believe that aggressive exercises 
will prevent the development of restricted range of 
motion when the patient's shoulder is painful at rest. 
The author instead believes that careful management 
during the painful stage and appropriately staged exer
cises, once motion is no longer painful, will restore full 
range of motion, but that the process can take many 
months. 

During the acute inflammatory stage when every 
movement causes pain that lasts well after the move
ment ceases, exercise should be avoided. The patient 
should try to move the arm as much as possible during 
daily activities but avoid motions that are particularly 
painful. The patient should avoid leaning on the shoul
der or allowing the head of the humerus to glide ante
riorly, as occurs when the elbow is held posterior to the 
shoulder. 

The patient should be instructed to perform pas
sive shoulder flexion using the contralateral hand to 
flex the affected shoulder as far overhead as possible, 
avoiding all but minimal pain. This exercise should be 
performed while standing, and the elbow should be 
flexed when initiating the motion. The patient should 
try to keep the affected shoulder laterally rotated dur
ing the passive flexion. The patient is using the correct 
motion if he or she grasps the palm of the hand of the 
affected shoulder and tries to keep the elbow pointing 
forward. 

Another useful exercise is to have the patient 
place the ulnar side of the hand against the wall and 
lean into the wall as he or she uses the contralateral 
hand to pull the shoulder into flexion. Exerting pres
sure against the hand helps with the posterior and infe
rior glide of the humeral head. Active flexion should be 
minimized because of the superior glide of the 
humerus. Once motion is restored, strengthening of the 
rotator cuff muscles can be begun. The priority is to 
restore medial rotation range and improve the function 
of the rotator cuff muscles. If the shoulder aches after 
performing the exercises, the repetitions should be lim
ited to only three to five and repeated several times 
during the day when pain is absent. 

The following exercise can be used to restore 
shoulder medial rotation range of motion. In the supine 
position, the patient should use enough pillows under 
the upper arm to be in about 50 to 85 degrees of abduc
tion and horizontal flexion of the shoulder and in a 
pain-free position. With the elbow flexed, the patient 
should hold a weight that is heavy enough to pull the 
shoulder into medial rotation but light enough that he 
or she does not have to actively hold it in this position. 
If the shoulder medial rotation range is markedly limit
ed, the weight can range from 2 to 5 pounds. The 
patient must use the other hand to prevent both anteri-

or glide of the humeral head and anterior tilt of the 
scapula. The patient will also have difficulty knowing 
whether he or she is rotating the shoulder or straight
ening the elbow. This exercise should only be stressed 
when it can be performed with minimal pain. Initially 
the patient may just be challenged to find a pain-free 
supine position. Sometimes just adducting and depres
sing the scapula while lying in a supine position can 
reduce the shoulder pain. Progress in improving the 
range of motion will not occur until the movements do 
not cause residual pain in the shoulder after the exer
cises are performed. 

Abduction exercises should be avoided until 
active lateral rotation range of motion is within 75% of 
the normal range. Shoulder lateral rotation should be 
performed in the supine position with the shoulder 
abducted as far as possible without pain and with the 
shoulder adducted at the side. Light weights can be 
used that assist in strengthening the lateral rotators if 
starting from medial rotation and in increasing the 
range of motion. The challenge for the therapist is to 
teach the patient exercises that minimize the partici
pation of the deltoid muscles for rotation motions and 
to use the infraspinatus, teres minor, and subscapu
laris muscles. These muscles depress the humeral 
head, and optimal function of the subscapularis mus
cle is necessary to pull the humeral head posteriorly 
and inferiorly, which reduces the stress on the anteri
or joint capsule. 

In the supine position, the patient will probably 
need a pillow under the arm and forearm so that the 
humeral head is not abutting against the anterior joint 
capsule. Sometimes a small towel folded and placed 
under the scapula will keep the scapula from falling 
posteriorly, which also causes pressure of the humeral 
head against the anterior joint capsule. 

In the side-lying position the patient will need a 
pillow in front of the chest to support the painful arm 
and forearm. The source of pain is the humeral head 
pushing into the anterior joint capsule if the arm falls 
forward or the scapula anteriorly tilts or abducts. The 
author has used a long, wide elastic strap wrapped like 
a figure eight, with a small loop around the shoulder 
and a large loop around the chest that holds the shoul
der girdle (humeral head and scapula) in neutral posi
tion so that the shoulder girdle does not fall forward 
during the night. 

To reduce the stress on the anterior joint capsule, 
tape can be applied to the head of the humerus to exert 
a slight inferior-posterior directed pressure. The tape 
also acts as a reminder to the patient not to exert pres
sure into the anterior joint capsule as can occur when 
sitting with the forearm on an armrest or with a ten
dency to contract the pectoralis major muscle that acts 
to pull the humerus into the anterior capsule. 
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Rocking backward in the quadruped position is 
useful in aiding to mobilize the glenohumeral joint 
because the weight of the body can be used to facilitate 
posterior and inferior glide of the humeral head. This 
should not be used during the inflammatory stage 
because of the stress on the soft tissue. Pain should only 
be present when there is stress at the end of the passive 
range of motion. The patient should avoid active shoul
der flexion that elicits superior glide of the humeral 
head. Even shoulder flexion performed by pushing the 
hand of the affected shoulder into the opposite hand is 
preferable to active flexion without a form of downward 
force on the shoulder. 

Case Presentation 4 
History. The patient is a 60-year-old woman with a 

progressive increase in shoulder pain that started as a 
mild aching. Over a 3-week period she develops pain 
with overhead motions and has progressively worsening 
pain in her shoulder. By the end of 6 weeks she is having 
difficulty sleeping because she cannot lie on the side of 
her painful shoulder, lying on her back makes her shoul
der ache, and lying on the other side also causes pain in 
her shoulder. She attributes her pain to sitting for pro
longed periods working at her computer, during which 
she leans on her forearm. She also positions her elbow 
posteriorly to her shoulder, which places stress on the 
top of and front of her shoulder. She also believes that 
her shoulder problem is exaggerated by the stress on her 
shoulder that occurs when she walks her dog, who fre
quently pulls at the leash in a sudden and forcible man
ner. She does not like taking medication, so the only 
pharmacologic treatment is limited use of Motrin. She 
takes the over-the-counter medication and applies ice to 
her shoulder during the periods of particularly acute 
pain that have lasted approximately 3 months. 

When seen initially she is having constant aching 
in her left, nondominant shoulder and along the pos
terolateral side of her neck. She is also having difficul
ty sleeping because of the shoulder pain. Even after 
finding a fairly comfortable position in which to sleep, 
movement causes pain and awakens her. 

Alignment Analysis. Her left shoulder is abducted 
and depressed. The head of the humerus is forward of 
the acromion. Pressure on the anterior and lateral 
aspect of the shoulder is painful. Although she tries to 
move her shoulder, her range of motion is markedly 
limited both passively and actively. Active range of 
motion is limited by pain. 

• Flexion 
Active: 95 degrees 
Passive: 120 degrees 

• Abduction 
Active: 60 degrees 
Passive: 95 degrees 

CHAPI'ER FIvE 

Medial rotation is limited to 20 degrees with imme
diate humeral anterior glide and anterior tilt of the 
scapula. Lateral rotation is limited to 15 degrees and 
causes sharp pain at the top of the shoulder. She is 
unable to reach behind her or even fasten a side button. 
She has severe pain if she reaches down and forward, 
such as reaching into the refrigerator. 

Treatment. Although most patients referred to 
physical therapy are not in the acute stage or may not 
have as prolonged a course of recovery, the character
istics reported in this patient are typical of those found 
in the literature. This case is reported here to empha
size that an important focus of the exercise program is 
to teach the patient to dissociate glenohumeral motion 
from scapulothoracic motion. Improving the restricted 
posteroinferior motion of the humerus while avoiding 
superior and anterior glide of the humerus is a major 
component of the treatment program. This case also 
illustrates that preventing the "freezing" of shoulder 
motion may not be possible. Even after the gleno
humeral motion is severely restricted, a progressive 
program can restore full range of motion; however, 
complete recovery can take from 6 to 12 months. 

Standing exercises 
• The patient performs passive shoulder flexion 

using the right hand to lift the left arm. 
• While facing and leaning slightly into the wall 

while sliding the ulnar side of her hand up the wall, she 
is instructed to use the right hand to complete the 
motion, stopping with the onset of pain. 

• She is instructed to maintain the shoulder in a 
neutral position while attempting to laterally rotate her 
shoulder. 

Supine exercises 
• She lies in a supine position and abducts her 

arm to about 50 degrees, which requires active adduc
tion of her scapula. 

• She stretches her pectoralis minor muscle by 
fixing her scapula against the floor, and with pressure 
on the coracoid, rolls toward her back. 

• With her shoulder abducted to 50 degrees and 
with a pillow under her arm so that the arm is in hori
zontal flexion and in the plane of the scapula, she medi
ally rotates her shoulder while maintaining strong pres
sure on her humerus to prevent anterior glide. She 
holds a 2-pound weight in her hand to passively bring 
her shoulder into medial rotation. 

Prone exercises. The patient is unable to tolerate 
lying in this position. 

Quadruped exercises. She can tolerate only limited 
rocking in a backward direction because of pain at the 
top of her shoulder. 

Other treatment measures. For 2 weeks, throughout 
the night, she wears a figure eight elastic band that 
holds her shoulder girdle in a neutral position so that 
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her ann does not fall forward. The anterior aspect of 
her shoulder joint is taped so that an inferior-posterior 
force is exerted on the humerus. The tape is kept in 
place for 3 to 4 days and is reapplied four times over a 
4-week period. 

Five months after the onset of pain, she has made 
little progress in range of motion but is sleeping 
through most of the night and does not have aching in 
her shoulder while at rest. She notes that if she repeats 
her exercises often, her shoulder becomes more 
painful; unfortunately performing the exercises does 
not lead to improvement in the range of motion. Her 
primary exercise is passive shoulder flexion, and she 
attempts to use her ann as much as possible during 
daily activities. She has also developed skin irritation in 
the axilla from the limited motion, which she treats 
with Keri lotion. 

Six months after the onset of the shoulder pain, 
the pain is only present at the end of the range of 
motion and she can tolerate more consistent perfor
mance of her exercise program. The primary exercises 
during this period are as follows: 

Standing exercises. She performs shoulder flexion 
while facing the wall, holding the elbow flexed while 
maintaining lateral rotation as much as possible. 

Supine exercises 
• She performs shoulder medial rotation using a 

5-pound weight. 
• Shoulder lateral rotation is performed using a 

3-pound weight. 
• Shoulder flexion is performed with a 3-pound 

weight with an emphasis of putting pressure into the 
axilla. 

Prone exercises. She performs active-assisted shoul
der flexion using the right hand and exerting pressure 
against the floor with the left hand as the shoulder is 
flexed. 

Quadruped exercises. She rocks backward to the 
point of pain, which is by this time to a range of maxi
mum hip and knee flexion. Horizontal flexion is almost 
pain free and with 70 percent of the complete range of 
motion. 

Outcome. Eight months later, passive and active 
shoulder flexion are to 170 degrees. Shoulder medial 
rotation has improved to 65 degrees when the shoulder 
is in 90 degrees of abduction. She can lie prone with her 
arm overhead and can reach behind her back to the 
waist level. She can reach in any direction without pain 
except at the end of the range. 

Summa~ 

Reviewing the exercise recommendations for the 
scapular syndromes indicate that remediation of 
these conditions typically does not require prescrip-

tion of a great number of exercises. It is only neces
sary to use those exercises that address the principal 
contributing factors. These factors can only be deter
mined through a comprehensive examination and 
careful consideration of the movement impairment 
diagnosis. The critical intervention is to carefully 
teach well-designed exercises and to ensure that they 
are being performed in a meticulous manner. These 
exercises can be simple if they address the specific 
cause of the pain. The therapist and patient must iden
tify the movements or position used in daily activities 
that have caused the problem. 

The therapist must examine every movement and 
position that causes pain and make the necessary cor
rections to alleviate or to at least minimize the patient's 
symptoms. If the patient is educated to make the nec
essary changes to his or her everyday activities, then 
every movement can become a therapeutic exercise 
and the benefits should be long term. The best motivat
ing tool for the patient is for the therapist to prescribe 
exercises that specifically address the causes of the 
problem, are easy to perform, and relieve the pain. 
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Cvapter 5 

Appen~ix 

SCAPULAR 
DOWNWARD 
ROTATION 
SYNDROME 

Insufficient scapular 
upward rotation 

Insufficient scapular upward rotation is 
the primary movement impairment in 
this syndrome. The scapular position 
may be downwardly rotated, adduded, 
abducted, or normal. This movement 

impairment may be evident at any 

point during the range of motion. 
Muscle impairments include 
dominance, shortness, or stiffness of the 
downward rotator muscles (e.g., 
rhomboids, levator scapulae, latissimus, 
pectoralis minor and maior) and 
insufficient activity of the upward 
rotator muscles (e.g., serratus anterior, 
trapezius). 

SYMPTOMS AND HISTORY 

Associated with impingement 

• Pain in anterior or posterior shoulder or 
deltoid areas 

• Pain caused with overhead activities 

• Patient unable to sleep on affected side 

Associated with TOS 

• May experience numbness and tingling 
in hand 

• May experience decreased circulation, 
feeling of coldness, fatigue or whole arm 
falling asleep with arms overhead 

• Pain evident in interscapular area, 
medial arm, forearm, and hand 

• May be associated with neck pain 

Associated with instability of GH ioint 

• "Clunking" with arm movements or sen-
sation of shoulder slipping out of socket 

• History of dislocation 

Associated with rhomboid overuse 

• Pain is in rhomboid area or along 
vertebral border of scapula 

Activities 

• Weight lifters or heavy laborers 

• Computer keyboard operators 

• String instrument musicians 

• Mothers of newboms 

• Jobs (e.g., pipefitter) requiring sustained 
arm positions at 90 degrees of shoulder 
flexion 

KEY TESTS AND SIGNS 

Alignment and appearance 

• Increased slope of shoulder girdle 

• Scapulae downwardly rotated; inferior 
angle closer to spine than root of spine 
of scapula 

• Clavicular angle lower than normal 

• Humerus in abduction, relative to 
scapula 

• Correction of alignment impairment 
decreases symptoms, if associated with 
TOS; distal symptoms may increase 
with correction of scapular impairment. 

• Scapular downward rotation is observed 
with scapular adduction 

• Vertebral border of scapula is less than 
3 inches from spine 

Movement impairments 

SHOULDER FLEXION 

• Scapula does not achieve 60 degrees 
upward rotation; correction decreases 
symptoms 

• Inferior angle does not reach midaxilla~ 
line 

• Scapula downwardly rotates during initi 
ation of shoulder flexion, evident by 
depression of acromion; correction 
decreases symptoms 

LIFTING OR HOLDING 

• Unable to avoid scapular downward 
rotation during lifting or when loads arE 
added to the arm 

Impairments in muscle length 

BASED ON LENGTH TESTS 

• Short rhomboid, latissimus, pectoral, Ie\! 
ator scapulae, and SH muscles, especiall 
deltoid and supraspinatus muscles 

BASED ON ALIGNMENT 

• Long serratus anterior and upper trape, 
ius muscles 

• Short rhomboid and levator muscles 

Impairments in muscle strength 

• MMT serratus weak or long; lower 
trapezius weak or long (impairment 
usually greatest in the serratus anterior) 

• Resistance to rhomboids reproduces 
pain in rhomboid area when associated 
with rhomboid overuse 
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Appenoix 

SCAPULAR 
DEPRESSION 

The primary movement impairment in 
this syndrome is insufficient scapular 
elevation. Initial scapular alignment 
may be depressed with a failure to 
elevate sufficiently during movement, 
or scapular alignment may be normal. 
Depression occurs during arm 
elevation. Muscle impairments include 
dominance, shortness or stiffness of the 
scapular depressor muscles (e.g., 
latissimus, pectora/, lower trapezius), 
and insufficient activity or lengthened 
scapular elevator muscles (e.g., upper 
trapezius and possibly levator 
scapulae). 

SYMPTOMS AND HISTORY 

Associated with impingement 

• Pain in anterior or posterior shoulder or 
deltoid area 

• Pain with overhead activities 

• Unable to sleep on affected side 

Associated with TOS 

• May experience numbness and tingling 
in hands 

• May experience decreased circulation or 
feeling of coldness or whole arm falling 
asleep with arms overhead 

• Pain in interscapular area, medial arm, 
forearm and hand 

Associated with upper trapezius strain 

• Pain in upper trap area 

• May be associated with neck pain and 
headaches 

Associated with instability 

• "Clunking" with arm movements or the 
sensation of the shoulder slipping out of 
socket 

Activities 

• Weight lifters or heavy laborers 

• Computer keyboard operators 

• String instrument musicians 

• Mothers of newboms 

• Women in jobs requiring lifting 
(e.g., waitresses, factory workers) 

• Ballet dancers 

• Gymnasts 

• Jobs requiring sustained arm positions 
at 90 degrees shoulder flexion 
(i.e., pipefitter) 

KEY TESTS AND SIGNS 

Alignment and appearance 

• Slope of shoulder girdle is increased 

• Scapulae are lower than T2-T7 

• Neck appears long 

• Clavicular angle is lower than normal 

• If unilateral, one arm appears longer 
than the other 

• Correction of alignment impairment 
decreases symptoms (if associated with 
TOS, distal symptoms may increase 
with correction of scapular impairmenV 

Movement impairments 

SHOULDER FLEXION 

• Insufficient scapular elevation 
Correction of the depression decreases 
the symptoms 

LIFTING OR HOLDING 

• Patient is unable to maintain correct 
scapular elevation during lifting or when 
loads are added to the arm 

Impairments in muscle length 

BASED ON ALIGNMENT 

• Long upper trapezius, levator scapulae 

BASED ON LENGTH TESTS 

• Short latissimus, pectoral muscles 

Impairments in muscle strength 

• Weak or long or strained upper or 
middle trapezius 
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CHAPTER FIvE APPENDIX 

ASSOCIATED SIGNS 
(contributing factors) 

Alignment and appearance 

• May have normal resting alignment 

• Large breasts 

• Heavy arms 

Structural variations 

• Long arms 

• Long neck 

• Long trunk 

• Short arms 

Common activities 

• Habitual depression of shoulder girdle 

• Computer keyboard too low 

• Arm rests on chair too low 

Movement impairments 

SHOULDER FLEXION 

• Associated with impingement: May 
have slight end range limitation and 
may have painful arc 

• Associated with ros: May have numb
ness and tingling or other symptoms 
associated with TOS during arm 
elevation 

• Associated with instability: May observe 
increased crease distal to acromion; may 
also observe increased prominence of 
humeral head in axilla 

Palpation 

• Associated with impingement: May be 
tender over coracoacromial ligament, 
bicipital groove, or rotator cuff tendons
especially supraspinatus 

• Associated with ros: May be tender 
over scalenes and pectoralis minor 
muscles 

Special tests 

• Associated with impingement: Tests 
reproduce pain; resisted tests of rotator 
cuff and biceps for soft tissue differential 
diagnosis may be strong and painful or 
weak and painful 

• Associated with ros: May reproduce 
symptoms 

• Associated with instability: May have 
increased accessory glide at GH joint in 
any direction 

• Associated length impairments: Short 
lower trapezius and latissimus 

DIFFERENTIAL MOVEMENT 
AND ASSOCIATED DIAGNOSES 

Differential scapular diagnoses 

• Rule: If scapular depression is associated 
with another movement impairment 
(e.g., scapular downward rotation, 
abduction), scapular depression is the 
diagnosis if passive correction of the 
depression alleviates the symptoms 

• Scapular downward rotation 

• Scapular abduction 

• Scapular winging and tilting 

Differential primary diagnoses 

• Humeral anterior glide 

• Humeral inferior glide 

• Humeral superior glide 

• Cervical rotation 

• Cervical extension 

• Cervical rotation and extension 

Associated diagnoses 

• Rotator cuff tendinopathy 

• Shoulder impingement 

• Partial rotator cuff tear 

• Bicipital tendinopathy 

• Supraspinatus tendinopathy 

• Humeral subluxation 

• TOS and neural entrapments 

• Neck pain with or without radiating pain 

• Pain or trigger points in levator scapu-
lae, rhomboids, upper trapezius 

• Bursitis 

• AC joint pain 

• Calcific tendinopathy 

• Subscapular bursitis 

• Snapping scapulae 

• Drooping shoulder 

• Long thoracic nerve injury 

• Cervical or cervical thoracic junction 
pain 

SCREENING FOR POTENTIAL 
MEDICAL DIAGNOSES 
REQUIRING REFERRAL 

Musculoskeletal origin 

• Cervical radiculopathy 

• Peripheral nerve entrapment 

• Brachial plexus injury 

• Rotator cuff tear 

• Fracture 

• OA or RA 

• Glenoid labrum tear 

• Spinal accessory nerve palsy 

• Long thoracic nerve palsy 

Visceral origin 

• Neoplasms 

• Cardiovascular disease 

• Pulmonary disease 

• Breast disease 

• Abdominal organ abnormality 

Systemic origin 

• Collagen vascular disease 

• Gout 

• Syphilis and gonorrhea 

• Sickle cell anemia 

• Hemophilia 

• Rheumatic disease 

AC, Acromioclavicular; GH, glenohumeral; 
OA osteoarthritis; RA, rheumatoid arthritis; 
TOS- thoracic outlet syndrome. 
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SCAPULAR 
ABDUCTION 
SYNDROME 

The primary movement impairment in 
this syndrome is excessive scapular 
abduction. Muscle impairments are a 
dominance of scapular abductor 
muscles (pectoralis maior, serratus 
anterior) and insufficient activity of the 
scapular adductor (primarily trapezius) 
muscles, primarily their alignment and 
appearance. 

SYMPTOMS AND HISTORY 

Associated with impingement 

• Pain in anterior or posterior shoulder or 
deltoid area 

• May experience pain with overhead 
activities and reaching forward 

• Unable to sleep on affected side 

• May be associated with thoracic or cer
vical pain 

Associated with adductor strain 

• Pain between scapula and spine or along 
vertebral border of scapula 

Associated with TOS 

• May experience numbness and tingling 
in hand 

• May experience decreased circulation or 
feeling of coldness or whole arm falling 
asleep with arms overhead 

• Pain in interscapular area, medial arm, 
forearm, and hand 

Associated with instability 

• "Clunking" with arm movements or the 
sensation of the shoulder slipping out of 
socket 

Activities 

• Weight lifters or heavy laborers 

• Cellist 

• Hairdressers 

• Swimmers 

KEY TESTS AND SIGNS 

Alignment and appearance 

• Vertebral border of scapula is greater 
than 3 inches from spine 

• Plane of scapula is greater than 30 
degrees anterior to frontal plane 

• Correction of alignment impairment 
decreases symptoms; if associated with 
TOS, distal symptoms may increase 
with correction of scapular impairment 

Movement impairments 

SHOULDER FLEXION 

• Excessive scapular abduction; correction 
of abduction decreases symptoms 

• Axillary border of scapula protrudes lat
erally 112 inch or more beyond posterior 
lateral border of thorax with arm over 
head 

• Scapula and humerus moves in 1:1 ratio 

• Insufficient scapular adduction during 
GH horizontal abduction 

Lifting or holding 

• Unable to maintain proper scapular 
alignment (scapula abducts) during lift
ing or when loads are added to arm 

Impairments in muscle length 

BASED ON LENGTH 

• Short pectoralis major and minor, SH 
muscles 

BASED ON ALIGNMENT 

• Short serratus anterior muscles 

• long trapezius, rhomboid muscles 

Impairments in muscle strength 

• Weak or long trapezius (middle to 
upper and lower) and rhomboid muscle! 

• Associated with muscle strain, resisted 
tests of scapular adductors will be weak 
and painful 
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ASSOCIATED SIGNS 
(contributing factors) 

Alignment and appearance 

• May have normal resting alignment 

• Obesity 

• large abdomen 

• Large breasts 

• Heavy arms 

• Thoracic kyphosis 

• Hypertrophied scapulohumeral 

Structural variations 

• Long arms 

• Thoracic kyphosis 

• Scoliosis 

• Large or wide thorax 

Common activities 

• Habitual abduction of shoulder girdle 

• Sit with slouched posture 

• Activities requiring reaching forward 

Movement impairments 

SHOULDER FLEXION 

• Associated with impingement: May 
have slight end range limitation and 
may have painful arc 

• Associated with ros: May have numb
ness and tingling or other symptoms 
during arm elevation 

• Associated with instability: May observe 
increased crease distal to acromion; may 
also observe increased prominence of 
humeral head in axilla 

Palpation 

• May be tender over adductor muscle 
bellies if strained 

• Associated with impingement: May be 
tender over coracoacromial ligament, 
bicipital groove, or rotator cuff tendons 
(e.g., supraspinatus) 

Special tests 

• Associated with ros: May be tender 
over scalenes and pectoralis minor; may 
reproduce symptoms 

• Associated with impingement: Tests 
reproduce pain; resisted tests of rotator 
cuff and biceps for soft tissue differential 
diagnosis may be strong and painful or 
weak and painful 

• Associated with instability: May have 
increased accessory glide at GH joint in 
any direction 

DIFFERENTIAL MOVEMENT 
AND ASSOCIATED DIAGNOSES 

Differential scapular diagnoses 

• Scapular downward rotation 

• Scapular depression 

• Scapular winging and tilting 

Differential primary diagnoses 

• Humeral anterior glide 

• Humeral superior glide 

• Humeral medial rotation 

• GH hypomobility 

• Cervical extension 

Associated diagnoses 

• Rotator cuff tendinopathy 

• Shoulder impingement 

• Partial rotator cuff tear 

• Bicipital tendinopathy 

• Supraspinatus tendinopathy 

• Humeral subluxation 

• TOS and neural entrapments 

• Neck pain with or without radiating pain 

• Pain or trigger points in rhomboids 

• Bursitis 

• AC joint pain 

• Calcific tendinopathy 

• Subscapular bursitis 

• Snapping scapulae 

• Thoracic pain 

• Costochondritis 

• Teres syndrome 

• Sternal pain 

• Cervical or cervical thoracic junction 
pain 

CHAPTER FIvE APPENDIX 

SCREENING FOR POTENTIAL 
MEDICAL DIAGNOSES 
REQUIRING REFERRAL 

Musculoskeletal origin 

• Cervical radiculopathy 

• Brachial plexus injury 

• Rotator cuff tear 

• Fracture 

• OA or RA 

• Glenoid labrum tear 

• Spinal accessory nerve palsy 

• Peripheral nerve entrapment 

Visceral origin 

• Neoplasms 

• Cardiovascular disease 

• Pulmonary disease 

• Breast disease 

• Abdominal organ pathologic condition 

Systemic origin 

• Collagen vascular disease 

• Gout 

• Syphilis and gonorrhea 

• Sickle cell anemia 

• Hemophilia 

• Rheumatic disease 

AC Acromioclavicular; GH- glenohumeral; 
OA, osteoarthritis; RA, rheumatoid arthritis; 
SH- scapulohumeral; TO~ thoracic outlet syndrome. 
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SCAPULAR 
WINGING 
AND TILTING 
SYNDROME 

The primary movement impairment in 
this syndrome is scapular winging and 
tilting during shoulder flexion and 
extension. This impairment may also be 
evident during shoulder rotation. In 
some cases, the winging is caused by 
weakness of the serratus anterior. In 
other cases, the impairment is the result 
of a timing problem between the 
axioscapular muscles and the 
scapulohumeral muscles. The 
scapulohumeral muscles do not 
elongate as rapidly as the axioscapular 
muscles or there is poor eccentric 
control (neural drive) of the serratus 
anterior during the return from flexion. 

SYMPTOMS AND HISTORY 

Associated with impingement 

• Pain in anterior or posterior shoulder or 
deltoid area 

• Pain with overhead activities 

• Unable to sleep on affected side 

Associated with TOS 

• May experience numbness and tingling 
in hand 

• May experience decreased circulation or 
feeling of coldness or whole arm falling 
asleep with arms overhead 

• Pain in interscapular area, medial arm, 
forearm, and hand 

Associated with instability 

• "Clunking" with arm movements or sen
sation of the shoulder slipping out of 
socket 

Activities 

• Jobs requiring sustained arm positions at 
90 degrees shoulder flexion (e.g., pipe 
fitters) 

• Swimmers 

• Weight lifters 

• Laborers 

• Kayakers 

• Cross-country skiers 

KEY TESTS AND SIGNS 

Alignment and appearance 

• Inferior angle of scapula protrudes from 
thorax 

• Vertebral border of scapula protrudes 
from thorax 

• Correction of alignment impairment 
decreases symptoms; if associated with 
TOJ, distal symptoms may increase 
with correction of scapular impairment 

Movement impairments 

ASSOCIATED WITH WEAKNESS 

OF SERRATUS ANTERIOR 

• Pronounced scapular winging noted dur 
ing arm elevation and during the retum, 
correction decreases symptoms 

• May note scapular adduction during 
arm elevation 

• Scapula will not achieve 60 degrees 
upward rotation at end-range shoulder 
flexion or abduction 

Movement impairment without 
profound weakness 

• Winging and tilting of scapula noted 
only on return from arm elevation; 
correction decreases symptoms 

• Scapula and humerus move in 1: 1 ratio 
during arm elevation 

• Insufficient scapular posterior tilt at end
range arm elevation; correction 
decreases symptoms 

Lifting and holding 

• Unable to maintain proper scapular align· 
ment (scapula wings and tilts) during lift
ing or when loads are added to arm 

• Associated with weakness of serratus 
anterior 

Impairments in strength 

• Weak and paralyzed serratus anterior 

Impairments in muscle length 

BASED ON LENGTH TESTS 

• Short pectoralis minor and major, SH, 
biceps muscles 

BASED ON ALIGNMENT 

• Long lower and middle trapezius 

Impairments in muscle strength 

• Long trapezius (primarily lower) 

• Weak or long serratus anterior 
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ASSOCIATED SIGNS 
(contributing factors) 

Alignment and appearance 

• May have normal resting alignment 

• May have downwardly rotated scapula 

• Heavy arms 

• Large breasts 

• Hypertrophy of rhomboid muscles 

'Structural variations 

• Long arms 

• Flat thoracic spine (winging) 

• Scoliosis 

• Thoracic kyphosis (tilting) 

Common activities 

• Sit with slouched posture 

• Activities requiring reaching forward 

• Associated with profound weakness of 
serratus anterior 

Impairments in length 

BASED ON ALIGNMENT OR PASSIVE MOVEMENT 

DIFFERENTIAL MOVEMENT 
AND ASSOCIATED DIAGNOSES 

Differential scapular diagnoses 

• Scapular downward rotation 

• Scapular abduction 

Differential primary diagnoses 

• Humeral anterior glide 

• Humeral superior glide 

• Humeral medial rotation 

Associated diagnoses 

• Rotator cuff tendinopathy 

• Shoulder impingement 

• Partial rotator cuff tear 

• Bicipital tendinopathy 

• Supraspinatus tendinopathy 

• Humeral subluxation 

• TOS and neural entrapments 

• Neck pain with or without radiating pain 

• Pain or trigger points in rhomboids 

• Bursitis 

• May develop shortened trapezius, rhom- • AC joint pain 
boids, and lengthened serratus anterior • Calcific tendinopathy 

Movement impairments • Subscapular bursitis 

SHOULDER FLEXION • Snapping scapulae 

• Associated with impingement: May • Cervical or cervical thoracic junction 
have slight end-range limitation; may pain 

have painful arc • Long thoracic nerve injury 
• Associated with TOS: May have numb

ness and tingling or other symptoms 
during arm elevation 

• Associated with instability: May observe 
increased crease distal to acromion; may 
also observe increased prominence of 
humeral head in axilla 

Palpation 

• Associated with impingement: May be 
tender over coracoacromial ligament, 
bicipital groove, or rotator cuff tendons 
(especially supraspinatus) 

• Associated with TOS: May be tender 
over scalenes and pectoralis minor 

'ipecial tests 

· Associated with impingement: Tests 
reproduce pain; resisted tests of rotator 
cuff and biceps for soft tissue differential 
diagnosis may be strong and painful or 
weak and painful 

Associated with TOS: May reproduce 
symptoms 

Associated with instability: May have 
increased accessory glide at GH joint in 
any direction 

SCREENING FOR POTENTIAL 
MEDICAL DIAGNOSES 
REQUIRING REFERRAL 

Musculoskeletal origin 

• Long thoracic nerve palsy 

• Cervical radiculopathy 

• Brachial plexus injury 

• Rotator cuff tear 

• Fracture 

• OA or RA 

• Glenoid labrum tear 

• Peripheral nerve entrapment 

• Spinal accessory nerve palsy 

Visceral origin 

• Neoplasms 

• Cardiovascular disease 

• Pulmonary disease 

• Breast disease 

Abdominal organ abnormality 

Systemic origin 

• Collagen vascular disease 

• Gout 

• Syphilis and gonorrhea 

• Sickle cell anemia 

• Hemophilia 

• Rheumatic disease 

AC; Acromioclavicular; GH, glenohumeral; 
OA.. osteoarthritis; RA,. rheumatoid arthritis; 
SH, scapulohumeral; TOS, thoracic outlet syndrome. 
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HUMERAL 
ANTERIOR 
GLIDE 
SYNDROME 

Excessive anterior or insufficient 
posterior glide of the humeral head is 
noted during shoulder motions. This 
syndrome may be associated with laxity 
of the anterior structures and stiffness 
or shortness of the posterior structures 
of the GH ioint. The subscapularis is 
frequently lengthened or weak and the 
posterior deltoid dominates over the 
infraspinatus and teres minor muscles. 
The muscles that attach farther from 
the axis of rotation (e.g., pectoralis 
maior, latissimus, teres maior) dominate 
over the subscapularis. 

SYMPTOMS AND HISTORY 

Associated with impingement 

• Pain in anterior or posterior shoulder or 
deltoid area 

• Pain with overhead activities, reaching 
out to the side or backward (e.g., reach
ing into passenger seat or back seat of 
car) 

• Unable to sleep on affected side 

Associated with instability 

• "Clunking" with arm movements or 
sensation of the shoulder slipping out of 
socket 

• Might be associated with distal neuro
logical symptoms in more severe cases 

• History of trauma 

• More common in younger population 
versus older 

Activities 

• Racquet sports (especially forehand and 
overhead) 

• Volleyball 

• Swimmers 

• Throwing athletes 

KEY TESTS AND SIGNS 

Alignment and appearance 

• Greater than on third of humeral head 
protrudes anterior to anterolateral 
comer of acromion 

• Distal humerus posterior to proximal 
humerus (shoulder extension) in side 
view 

• Correction of humeral alignment 
decreases symptoms 

Movement impairments 

• May note excessive humeral anterior 
glide during shoulder abduction, hori
zontal abduction, return from flexion, 
medial or lateral rotation, and elbow 
extension 

• Passive correction of anterior glide of 
humerus decreases symptoms 

• Humeral anterior glide may be more 
evident during prone active lateral 
rotation versus passive 

• Humeral anterior glide and pain may bl 
more evident during shoulder rotation 
in the frontal plane versus the scapular 
plane 

• Horizontal adduction may reproduce 
pain at the anterior shoulder caused by 
insufficient posterior glide 

• Accessory joint motion increased 
anteriorly and decreased posteriorly 

Impairments in muscle length 

• Based on length tests: Short lateral 
rotators and pectoralis major 

Impairments in muscle strength 

• Long or weak medial rotators 
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ASSOCIATED SIGNS 
(contributing factors) 

Alignment and appearance 

• May have normal resting alignment 

• May be associated with forward 
shoulders 

• Poor upper body muscle definition 

Structural variations 

• Thoracic kyphosis 

• Elbow flexion contracture 

Common activities 

• Posturing with arms in extension (hands 
on hips or clasped behind back> 

• May note decreased distance between 
humeral head and base of neck at end
range shoulder flexion 

• Commonly associated with a scapular 
syndrome 

• Ineffective passive restraint by the long 
head of biceps 

Movement impairments 

SHOULDER FLEXION 

• Associated with impingement: May 
have slight end-range limitation and 
may have painful arc 

• Associated with instability: May also 
observe increased prominence of humer
al head in axilla with arm over head 

Palpation 

• May be tender over coracoacromial 
ligament, bicipital groove, or rotator cuff 
tendons (especially subscapularis) 

Special tests 

• Associated with impingement: Tests 
reproduce pain; resisted tests of rotator 
cuff and biceps for soft tissue differential 
diagnosis may be strong and painful or 
weak and painful 

· Associated with T05: May reproduce 
symptoms 

· Associated with instability: May have 
increased accessory glide at GH joint in 
any direction 

DIFFERENTIAL MOVEMENT 
AND ASSOCIATED DIAGNOSES 

Differential humeral diagnoses 

• Rule: If superior and anterior glide 
co-exist, assign anterior glide 

• Humeral superior glide 

Differential primary diagnoses 

• Scapular downward rotation 

• Scapular depression 

• Scapular abduction 

• Scapular winging and tilting 

Associated diagnoses 

• Rotator cuff tendinopathy 

• Shoulder impingement 

• Partial rotator cuff tear 

• Bicipital tendinopathy 

• Supraspinatus tendinopathy 

• Humeral subluxation 

• Bursitis 

• AC joint pain 

• Calcific tendinopathy 

• Inlet syndrome 

SCREENING FOR POTENTIAL 
MEDICAL DIAGNOSES 
REQUIRING REFERRAL 

Musculoskeletal origin 

• Cervical radiculopathy 

• Brachial plexus injury 

• Rotator cuff tear 

• Fracture 

• OA or RA 

• Glenoid labrum tear 

Visceral origin 

• Neoplasms 

• Cardiovascular disease 

• Pulmonary disease 

• Breast disease 

• Abdominal organ pathologic condition 

Systemic origin 

• Collagen vascular disease 

• Gout 

• Syphilis and gonorrhea 

• Sickle cell anemia 

• Hemophilia 

• Rheumatic disease 

AC; Acromioclavicular; Gh glenohumeral; 
OA, osteoarthritis; RA, rheumatoid arthritis; 
Sh scapulohumeral; ros- thoracic outlet syndrome. 
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HUMERAL 
SUPERIOR 
GLIDE 
SYNDROME 

Excessive superior or insuffident inferior 
glide of the humeral head is noted 
during shoulder motions. This may be 
assodated with stiffness or shortness of 
the superior or inferior structures of the 

GH ioint. Insufficiency of the rotator cuff 
because of weakness, recruitment 

impairments, or tear is a maior causative 
factor. This disrupts the normal force 
couple between the ratator cuff and the 
deltoid. 

SYMPTOMS AND HISTORY 

Associated with impingement 

• Pain in superior, anterior or posterior 
shoulder or deltoid area 

• Pain with overhead activities or reaching 
out to the side 

• Unable to sleep on affected side 

• More common in middle aged to older 
people 

Activities 

• Weight lifters and body builders 

• Swimmers 

KEY TESTS AND SIGNS 

Alignment and appearance 

• Flattened deltoids (greater tuberosity no1 
prominent just distal to acromion) 

• Arms in abduction relative to scapulae 

• Associated with scapula aligned in 
downward rotation 

• Correction of scapular alignment 
causes humerus to abduction 

• Hypertrophied deltoid (arm rests in 
abduction) 

Movement impairments 

• Excessive humeral superior glide noted 
during shoulder abduction, flexion, and 
medial or lateral rotation 

• Humeral superior glide more evident 
during active abduction versus passive 

• Manual correction decreases symptoms. 
Active correction by increasing rotator 
cuff and decreasing deltoid activity 
decreases symptoms 

• Decreased GH crease noted just distal to 
acromion with arm overhead 

• Decreased distance between humeral 
head and base of neck noted at end 
range arm elevation 

Special tests 

• Accessory joint motion decreased inferi
or glide (more evident with 90 degrees 
arm abduction) and lateral distraction 

Impairments in muscle length 

BASED ON LENGTH TESTS 

• Short subscapularis and lateral rotators 

• Shortness of supraspinatus, deltoid 
<limitation of humeral adduction) 

BASED ON ALIGNMENT 

• Short deltoid and supraspinatus 

Impairments in muscle strength 

• Weak rotator cuff muscles 
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ASSOCIATED SIGNS 
(contributing factors) 

Alignment and appearance 

• Obesity 

• May have normal resting alignment 

• May see atrophy of rotator cuff muscles 

Structural variations 

• May have generalized increased muscle 
bulk 

Common activities 

• Repetitive arm activities 

• leaning on elbows or arms 

• Commonly associated with a scapular 
syndrome 

Movement impairments 

• Shoulder flexion 

• Associated with impingement: May 
have slight end range limitation and 
may have painful arc 

Impairments in muscle length 

BASED ON LENGTH TESTS 

• Shortness of latissimus, teres major 
muscles 

Palpation 

• May be tender over coracoacromial 
ligament, bicipital groove, or rotator cuff 
tendons 

Special tests 

• Associated with impingement: Tests 
reproduce pain; resisted tests of rotator 
cuff and biceps for soft tissue differential 
diagnosis may be strong and painful or 
weak and painful 

• Drop arm: Test may be positive 

• Empty can test positive for reproduction 
of pain 

DIFFERENTIAL MOVEMENT 
AND ASSOCIATED DIAGNOSES 

Differential humeral diagnoses 

• Rule: If superior and anterior glide 
co-exist, assign anterior glide 

• Rule: If shoulder medial rotation and 
superior glide co-exist, superior glide is 
the diagnosis 

• Humeral anterior glide 

• Shoulder medial rotation 

• GH hypomobility 

Differential primary diagnoses 

• Scapular downward rotation 

• Scapular depression 

• Scapular abduction 

• Scapular winging and tilting 

Associated diagnoses 

• Rotator cuff tendinopathy 

• Shoulder impingement 

• Partial or complete rotator cuff tear 

• Bicipital tendinopathy 

• Supraspinatus tendinopathy or tear 

• Humeral subluxation 

• Bursitis 

• AC joint pain 

• Calcific tendinopathy 

• Frozen shoulder and adhesive capsulitis 

• Outlet syndrome Uobe) 

SCREENING FOR POTENTIAL 
MEDICAL DIAGNOSES 
REQUIRING REFERRAL 

Musculoskeletal origin 

• Cervical radiculopathy 

• Brachial plexus injury 

• Rotator cuff tear 

• Fracture 

• OA or RA 

• Glenoid labrum tear 

Visceral origin 

• Neoplasms 

• Cardiovascular disease 

• Pulmonary disease 

• Breast disease 

• Abdominal organ pathologic condition 

Systemic origin 

• Collagen vascular disease 

• Gout 

• Syphilis and gonorrhea 

• Sickle cell anemia 

• Hemophilia 

• Rheumatic disease 

AC, Acromioclavicular; GH- glenohumeral; 
OA, osteoarthritis; RA, rheumatoid arthritis. 
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SHOULDER 
MEDIAL 
ROTATION 
SYNDROME 

Excessive humeral medial rotation or 
insufficient lateral rotation is noted 
during shoulder flexion and abduction. 
The shoulder medial rotators dominate 
over the lateral rotators. 

SYMPTOMS AND HISTORY 

Associated with impingement 

• Pain most often in anterior shoulder but 
may also be posterior shoulder or 
deltoid area 

• Pain with overhead activities or with 
activities involving shoulder rotation arm 
elevated 

• Unable to sleep on affected side 

Activities 

• Weight lifters 

• Heavy laborers 

• Swimmers (water polo) 

KEY TESTS AND SIGNS 

Alignment and appearance 

• Humerus is medially rotated with or 
without corrected scapular alignment 

Movement impairments 

• Excessive humeral medial rotation noted 
during shoulder flexion and abduction 

• Correction of the excessive medial 
rotation may lessen the pain 

• May increase the pain if capsular 
structures are shortened leading to 
increased compressive forces (e.g., 
superior glide) 

Special test 

• Accessory joint motion can be decreased 
posteriorly 

Impairments in muscle length 

• Based on length tests: Short medial 
rotators (e.g., teres major, latissimus 
dorsi, pectoralis major) 

Impairments in muscle strength 

• Weak lateral rotators 
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ASSOCIATED SIGNS 
(contributing factors) 

Alignment and appearance 

• May have normal resting alignment 

• Humerus may be abducted 

• Forward shoulders (abducted or tilted 
scapulae) 

• Obesity 

Structural variations 

• Generalized increased muscle bulk 

• Wide thorax 

• Barrel chest 

• Also commonly associated with a 
scapular syndrome. 

rovement impairments 

SHOULDER FLEXION 

• Associated with impingement: May 
have slight end range limitation and 
may have painful arc 

• Associated with instability: During 
shoulder flexion see a sudden shift of 
humerus into medial rotation 

mpairments in muscle length 

Short or stiff deltoid 

Short lateral rotators 

rmpairments in muscle strength 

I Weak subscapularis associated with 
impingement 

Dalpation 

I May be tender over coracoacromial 
ligament, bicipital groove, or rotator cuff 
tendons (especially supraspinatus) 

.pecial tests 

Impingement tests: Reproduce pain; 
resisted tests of rotator cuff and biceps 
for soft tissue differential diagnosis may 
be strong and painful or weak and 
painful. 

DIFFERENTIAL MOVEMENT 
AND ASSOCIATED DIAGNOSES 

Differential humeral diagnoses 

• Humeral superior glide (if shoulder 
medial rotators and superior glide 
co-exist, superior glide is the diagnosis) 

Differential primary diagnoses 

• Scapular downward rotation 

• Scapular depression 

• Scapular abduction 

• Scapular winging and tilting 

Associated diagnoses 

• Rotator cuff tendinopathy 

• Shoulder impingement 

• Partial rotator cuff tear 

• Bicipital tendinopathy 

• Supraspinatus tendinopathy 

• Bursitis 

• AC joint pain 

• Calcific tendinopathy 

CHAPrER FIvE APPENDIX 

SCREENING FOR POTENTIAL 
MEDICAL DIAGNOSES 
REQUIRING REFERRAL 

Musculoskeletal origin 

• Cervical radiculopathy 

• Brachial plexus injury 

• Rotator cuff tear 

• Fracture 

• OA or RA 

• Glenoid labrum tear 

Visceral origin 

• Neoplasms 

• Cardiovascular disease 

• Pulmonary disease 

• Breast disease 

• Abdominal organ pathologic condition 

Systemic origin 

• Collagen vascular disease 

• Gout 

• Syphilis and gonorrhea 

• Sickle cell anemia 

• Hemophilia 

• Rheumatic disease 

AC; Acromioclavicular; OA,. osteoarthritis; RA,. rheuma
toid arthritis; SH, scapulohumeral. 
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GLENOHUMERAL 
HYPOMOBILITY 
SYNDROME 

This syndrome is characterized by a loss 
of motion at the GH ioint in all 
directions. In most cases a capsular 
pattern of restriction is noted and 
associated with the medical diagnosis 
of adhesive capsulitis. This syndrome 
progresses through three stages. The 
patient presentation and treatment 
may vary, depending on the stage. GH 
hypomobility refers to the second two 
stages. 

SYMPTOMS AND HISTORY 
• Pain in superior, anterior, or posterior 

shoulder or deltoid area 

• Pain may radiate down lateral arm to 
elbow 

• Stiffness and loss of ROM 

• Unable to sleep on affected side; pain at 
night; may awaken frequently 

• Common functional limitations (e.g., 
unable to fasten bra, remove coat, 
remove shirt overhead, reach behind 
back) 

• Most common from ages 40 to 60 years 

• Diabetes 

• More women than men 

• History of trauma 

KEY TESTS AND SIGNS 

Movement impairments 

• Loss of both passive and active ROM in 
all directions, most commonly in a 
capsular pattern 

• Typically, pain increases toward the 
limits of the ROM 

• Excessive humeral superior glide noted 
during shoulder abduction and flexion 

• Decreased GH just distal to acromion 
with arm overhead 

• Compensatory movements 

• During shoulder flexion and abduc
tion scapula elevates excessively 

• During shoulder lateral rotation, 
scapula adducts or depresses 

• During shoulder medial rotation, 
scapula anteriorly tilts or abducts 

Special tests 

• Accessory joint motion decreased GH 
glide in all directions 
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ASSOCIATED SIGNS 
(contributing factors) 

Alignment and appearance 

• May have normal resting alignment 

• May develop scapular elevation 
secondary to compensatory motion 

DIFFERENTIAL MOVEMENT 
AND ASSOCIATED DIAGNOSES 

Differential humeral diagnoses 

• Rule: If GH hypomobility exists, it 
supercedes other diagnoses 

• Humeral superior glide 

• Decreased distance between humeral Differential primary diagnoses 
head and base of neck at end range arm 
elevation • Scapular downward rotation 

Impairments in muscle recruitment 

• Deltoid dominates over rotator cuff 
muscles 

• Upper trap dominates over lower 
trapezius as a result of compensation 

Impairments in muscle length 

• Muscles are probably short but difficult 
to test initially because of restriction of 
ROM pectoralis, latissimus dorsi, medial 
and lateral rotators 

• Long middle and lower trapezium 
muscles 

Impairments in muscle strength 

• Weak rotator cuff muscles 

• Scapular abduction 

Associated diagnoses 

• Frozen shoulder 

• Adhesive capsulitis 

• Rotator cuff tendinopathy 

• Shoulder impingement 

• Partial or complete rotator cuff tear 

• Bicipital tendinopathy 

• Supraspinatus tendinopathy or tear 

• Bursitis 

• AC joint pain 

• Calcific tendinopathy 

• Postsurgical or postfracture 

CHAPTER FIvE APPENDIX 

SCREENING FOR POTENTIAL 
MEDICAL DIAGNOSES 
REQUIRING REFERRAL 

Musculoskeletal origin 

• Cervical radiculopathy 

• Brachial plexus injury 

• Rotator cuff tear 

• Fracture 

• OA or RA 

• Glenoid labrum tear 

Visceral origin 

• Neoplasms 

• Cardiovascular disease 

• Pulmonary disease 

• Breast disease 

• Abdominal organ pathologic condition 

Systemic origin 

• Collagen vascular disease 

• Gout 

• Syphilis and gonorrhea 

• Sickle cell anemia 

• Hemophilia 

• Rheumatic disease 

GH, Glenohumeral; OA osteoarthritis; RA, rheumatoid 
arthritis; ROM, range of motion. 



po 

IntroDuction 

Formulating a diagnosis requires the performance of 
an examination and the accurate interpretation of the 
tests included in the examination. An examination has 
been designed that can be used to determine movement 
impairments ofthe lower quarter (e.g., thoracic spine, 
lumbar spine, hip, knee, ankle). The examination for 
movement impairment syndromes of the low back and 
hip includes the same test items, but the focus of the 
examination is concentrated on the painful area. A few 
special tests are used when assessing hip pain, and 
some tests can be eliminated when the focus is the 
lumbar spine. The advantages of this system are that it 
allows the therapist to determine whether (1) the low 
back is referring pain to the hip, (2) the pain arises from 
the hip joint, (3) hip dysfunction is contributing to back 
pain, or (4) both the hip and back are sources of pain. 
The test results also provide direction for the treat
ment. In fact, for most patients a positive fmding for a 
test usually means that the test will become one of the 
patient's exercises. On completion of the examination 
the therapist should be able to establish a diagnosis, 
which is the directional susceptibility to movement 
(DSM) that is causing the pain and the factors that are 
contributing to make this movement direction the path 
of least resistance. 

The examination is performed with the patient 
standing, supine, side-lying, prone, quadruped, sitting, 
and standing against a wall. The charts in this chapter 
describe the test items in these seven positions. For 
each test, the segment to be examined, the normal stan-

dard for performance, the faults and criteria for the 
faults, the resulting impairments, and the possible DSM 
of the joint are identified. The listed impairments are 
considered as possible conditions and are not to be con
sidered as always present with a given fault. The exam
ination is provided in detail; however, this does not imply 
that all patients with low back pain will need to be ex
amined for all the lower extremity alignment faults. A 
patient with hip or knee pain will need a more thorough 
examination of lower extremity alignment than the pa
tient with low back pain. The details of these relation
ships are provided as a guide to the anatomic structures 
that the examiner is assessing and may need to be ad
dressed by the treatment. Separate charts are provided 
for the lower and upper quarter parts of the body. 

Additional check-off charts are provided that allow 
the therapist to check the test result and the most likely 
DSM. On completion of this chart, the DSM with the most 
positive findings should be the diagnosis. This check-off 
chart will also guide the therapist as to the contributing 
factors that are to be addressed by the treatment pro
gram and the instructions to the patient about how to 
modify his or her daily and sports activities. When sev
eral movement directions elicit symptoms, the therapist 
will also have to weigh the intensity of symptoms to se
lect which movement direction is the most important. 
Only through the performance of a thorough examina
tion and the identification of all contributing factors will 
the therapist be able to develop a comprehensive pro
gram that will be effective for both immediate restitu
tion of the problem and for reducing the chance of re
occurrence. 



DIAGNOSIS AND T REATMENT OF MOVEMENT IMPAIRMENT SYNDROMES 

Movement Impairmento: Lower Quarter Examination 
Test items, test criteria, and associated impainnents 

TEST SEGMENT FAULT 

Position Lumbar spine Normal 

Dysfunction 

Alignment Thoracic spine Normal 

I 
Kyphotic 

i 
Flat 

! Swayed back 

Infrasternal angle Normal 

I Narrow 

i 
Wide 

Lumbar spine Normal 

Lordotic 

I 
Flat 

Paraspinal symmetry Normal 

I 
I Asymmetry 

I 

ASIS, Anterior superior iliac spine; DSM, directional susceptibility to movement; ITB, iliotibial band; MMT, manual muscle test; PIP, proximal 
interphalangeal; PIeR, path of the instantaneous center of rotation; PSIS, posterior superior iliac spine; SLR, straight-leg raise; TFL, tensor 
fascia lata; TFL-ITB, tensor fascia lata- iliotibial band. 
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CHAPTER SIX 

CRITERIA IMPAIRMENT DSM 



DIAGNOSIS AND TREATMENT OF MOVEMENT IMPAIRMENT SYNDROMES 

Movement ImpairmenttJ: Lower Quarter Examination - cont'o 

TEST SEGMENT FAULT 

Stan3intJ tel1tl1 - cont'3 

Allgnment--cont'd Scoliosis Rib hump 

I I 

Pelvis Normal 

! 
I 

I Anterior tilt 

I I 
Posterior tilt 

I I 

I 
Lateral tilt 

i 

! I 
Rotation 

Hip joint Normal 

I 
Flexed 

I 

Extended 

Knees Normal 

I 
Hyperextended 

I 

Flexed 

ASIS, Anterior superior iliac spine; DSM, directional susceptibility to movement; ITB, iliotibial band; MMT, manual muscle test; PIP, proximal 
interphalangeal; PICR, path of the instantaneous center of rotation; PSIS, posterior superior iliac spine; SLR, straight-leg raise; TFL, tensor 
fascia lata; TFL-ITB, tensor fascia lata-iliotibial band. 

I 

I 
I 

I 

I 
I 
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CHAPTER SIX 

CRITERIA 

Ribs more prominent on one side 
Lumbar paraspinal asymmetry 

Line between ASIS and PSIS 
within 15 degrees of horizontal 
line (may vary in women) 

ASIS is 20 degrees lower than 
PSIS 

ASIS is 20 degrees higher than 
PSIS 

One iliac crest is more than 112" 
higher than other iliac crest 

Lateral lumbar flexion toward 
high side 

ASIS on one side is anterior to 
ASIS on other side 

Hip on side to which pelvis is 
rotated-medially rotated, 
other hip-laterally rotated 

Neutral position 
No angle at hip 
Peak of iliac crest to greater 

trochanter (axis) to line along 
thigh 

Hip angle of flexion is more than 
10 degrees 

Hip angle of extension is more 
than 10 degrees 

Neutral position 

Bowing of knee joint-backward 
TIbia may be posterior to femur 

Forward angulation of knees 

IMPAIRMENT 

External oblique muscles-long 
Hip flexor muscles-short 
Pain 
Confirming test: posterior tilt decreases 

pain 

Abdominal muscles-short 
Iliopsoas muscles-long 

High side hip abductor muscles-long 
Low side hip abductor muscles-short 

TFL-short on side toward which pelvis is 
rotated 

Hip flexor muscles-short 

Iliopsoas muscle-long 
Hamstring muscles-short 

Quadriceps muscles-weakness 
Gastrocnemius muscles-short 

DSM 

Rotation 

Extension 

I 

Flexion 

Rotation 

Rotation 

Anterior glide 



DIAGNOSIS AND T REATMENT OF M OVEMENT IMPAIRMENT SYNDROMES 

Movement Impairmento: Lower Quarter Examination - cont'Cl 

TEST SEGMENT FAULT 

s tan3infJ teata - cont'3 . -
Alignment-cont'd Varum 

I 
Valgum 

Tibia Normal 

: Bowed 

Varum 

Torsion 

Ankles Normal 

I 
Pronated 

i Rigid 

Toes Normal 

Hammer 

Hallux valgus 

Stan3infJ movement teata 

Bilateral hiplknee flexion (partial squat) Normal 

Hip dysfunction 

: 

ASIS, Anterior superior iliac spine; DSM, directional susceptibility to movement; ITB, iliotibial band; MMT, manual muscle test; PIP, proximal 
interphalangeal; PIeR, path of the instantaneous center of rotation; PSIS, posterior superior iliac spine; SLR, straight-leg raise; TFL, tensor 
fascia lata; TFL-ITB, tensor fascia lata-iliotibial band. 

I 
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CHAPTER SIX 

CRITERIA 

Bowing outward of knee joint 
Nonstructural-hyperextended 

knees with hip medial rotation 

Knees directed inward 
Knock-knees 
Nonstructural-hip medial rotation 

Shaft is perpendicular 

Posterior curve in sagittal plane 

Lateral curve in frontal plane 

Rotation of shaft of bone in 
horizontal plane 

Longitudinal arch-neutral 

Longitudinal arch-flattened 

Increased height of longitudinal 
arch 

Does not flatten during hip and 
knee flexion 

Neutral alignment of joints 

PIP joint flexion 

Lateral deviation of big toe 

Knee flexes 45 degrees with heel 
staying in contact with floor 

Knee stays in line with 2nd toe 
Longitudinal arch decreases 

(pronates) 

Medial rotation 
Knee moves in line medial to big 

toe 

IMPAIRMENT DSM 

, 
Hip lateral rotator muscles-long and weak 

• 

I 
I 

· 

• 

• 

· 

Posterior tibialis muscle-long I 
Dorsiflexion range-limited 

i 

• 

Toe flexor and extensor muscles-short 
Tendency to keep weight line posterior 

during sit to stand , 

I 
! 

Hip medial rotation, hallux valgus Medial rotation 



DIAGNOSIS AND TREATMENT OF MOVEMENT IMPAIRMENT SYNDROMES 

Movement Impairmenti1: Lower Quarter Examination - cont)~ 

TEST SEGMENT FAULT 

Stani>jn(J movement tei1t1- cont'i> 

Bilateral hip/knee flexion-cont'd Lateral rotation 

Ankle Longitudinal arch 

Single leg stance Normal 
Other hip flexed to 70 degrees 

I 
Lateral trunk flexion 

Hip adduction 

Pelvic rotation 

Hip rotation 

I 

! 

Forward bending Normal 

I 

Lumbar Dysfunction 

i 

ASIS, Anterior superior iliac spine; DSM, directional susceptibility to movement; ITB, iliotibial band; MMT, manual muscle test; PIP, proximal 
interphalangeal; PIeR, path of the instantaneous center of rotation; PSIS, posterior superior iliac spine; SLR, straight-leg raise; TFL, tensor 
fascia lata; TFL-ITB, tensor fascia lata-iliotibial band. 

: 

i 

i 

! 

! 

! 

! 

i 
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I 

I 

CRITERIA 

Knee moves in line lateral to 
fourth toe 

Hip lateral rotation 

Pronation-excessive flattening I 
Supination-no change in arch 
Knee flexion less than 45 degrees 

No change in pelvic tilt or rotation 
No change in hip joint rotation 

Side bending of trunk toward 
stance leg 

Downward tilting of opposite side 
of pelvis 

Toward stance leg 

F d"all t emur ro ates me 1 y 

Associated knee rotation only 

Associated ankle pronation only 
(femur and tibia maintain 

constant relationship) 

Lumbar spine curve-
o to 20 degrees 

Hips flex to 80 degrees and move 
faster than spine 

Final alignment-more than 
25 degrees of flexion 

Final alignment-inward lumbar 
curve 

I 

I 

I 

, 

IMPAIRMENT 

Stance side hip abductor weakness 

Stance side hip abductor muscles
weak and long 

Hip lateral rotator muscles-long 
Medial rotator muscles-short 

Hi I I I patera rotator musc es-
long and weak 

Lumbar back extensor muscles-long 
Hip extensor muscles-stiff 

Pain 
Confirming test: forward bend with only 

hip flexion decreases pain 

Lumbar back extensor muscles-short 

I 

I 

I 

DSM 

Lumbar rotation 

Lumbar rotation 
Hip adduction 

Lumbar rotation 
Hip medial 

rotation 

Hi d" I p me la 
rotation 

TIbial femoral 
rotation 

Ankle pronation 

Lumbar flexion 

Flexion 

Extension 

! 

, 

I 



DlAGNOSIS AND TREATMENT OF MOVEMENT IMPAIRMENT SYNDROMES 

Movement Impairment;}: Lower Quarter Examination - cont'fJ 

TEST SEGMENT FAULT 

Stan3infJ movement tei1W - cont'3 

Forward bending-cont'd 
f 

I 

Hip dysfunction 

~ 

I Ankle dysfunction 

Return from forward bending Normal 

Lumbar dysfunction 

I 

Hip sway 

Side bending Normal 

Lumbar dysfunction 

Lumbar dysfunction 

ASIS, Anterior superior iliac spine; DSM, directional susceptibility to movement; ITB, iliotibial band; MMT, manual muscle test; PIP, proximal 
interphalangeal; PIeR, path of the instantaneous center of rotation; PSIS, posterior superior iliac spine; SLR, straight-leg raise; TFL, tensor 
fascia lata; TFL-ITB, tensor fascia lata-iliotibial band. 

i 

! 
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CHAPTER SIX 

CRITERIA 

Lumbar spine flexes faster than 
hips during first 50% of motion 

Men-flexes less than 75 degrees 
Women-less than 85 degrees 

Flexes more than 100 degrees 

Hips shift posteriorly more than 
5" 

Movement initiated with hip 
extension 

Hips continue to extend as 
lumbar spine moves toward 
extension 

Movement initiated with spine 
Hips extend after first third of 

range 

Marked dorsiflexion and forward 
sway of hips with lumbar 
extension 

Symmetrical curve throughout 
lumbar spine 

Pain 
Limited range of motion 

toward prominent side 
Single site of motion rather than 

curve throughout spine 
Lateral glide of spine 

Limited range of motion toward 
non prominent side 

Single site of motion at lumbo
pelvic junction corrected by 
blocking movement site 

I 

I 

I 

I 
! 

IMPAIRMENT 

Hip extensor muscles-short and stiff 
Trunk-long, high center of gravity 

Hamstring muscles-long 

Plantar flexor muscles-short 

Back extensor muscles more dominant 
than hip extensors 

Short hip flexors 

Pain 
Confirming test: return with hip 

extension only to decrease pain 

Hip extensor muscles-weak 

Spine rotated toward prominent side 

Paraspinal muscles on side opposite 
limited range-stiff 

DSM 

Lumbar flexion 

Extension 
I 

I 

I I 
Lumbar rotation 

Lumbar rotation 



DIAGNOSIS AND TREATMENT OF MOVEMENT IMPAIRMENT SYNDROMES 

Movement ImpairmentJ: Lower Quarter Examination - cont)3 

I 

TEST 

Stan3infJ movement tei1W - cont'3 

Spinal rotation 

Supine tei1W 

Double knee to chest (both knees are pushed 
toward chest) 

I 

i 

I 

I 

SEGMENT FAULT 

Thoracic spine Normal 

Dysfunction 

Lumbar spine Normal 

Dysfunction 

~ 

Normal 

Lumbar dysfunction 

Thoracic dysfunction 

ASIS, Anterior superior iliac spine; DSM, directional susceptibility to movement; ITB, iliotibial band; MMT, manual muscle test; PIP, proximal 
interphalangeal; PIeR, path of the instantaneous center of rotation; PSIS, posterior superior iliac spine; SLR, straight-leg raise; TFL, tensor 
fascia lata; TFL-ITB, tensor fascia lata-iliotibial band. 

I 

i 
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CHAPTER SIX 

CRITERIA 

Symmetrical rotation of about 
30 degrees to each side mostly 
between T8 and TIl 

Pain 
Increased rotation to one side 

Rotation is less than 6 degrees 
to each side 

Rotation is more than 10 degrees 
to one side 

Hips flex to 120 degrees without 
flexion of lumbar spine (spine 
should be flat) 

Lumbar spine flexes when hips are 
flexed less than 120 degrees 

Sacrum lifts off table 

Thoracic spine flexes 
Lumbar spine does not flatten 

when hips are flexed less than 
120 degrees 

I 

I 

IMPAIRMENT 

Abdominal and back extensor muscles
long 

Abdominal and back extensor muscles
long 

Pain 
Confirming test: hand at side at waist 

level during side bending to same side 

! 

I to decrease pain i 

Lumbar paraspinal muscles-long 
Hips-stiff 

DSM 

Thoracic rotation 

Lumbar rotation 

Lumbar flexion 

Thoracic flexion 



DIAGNOSIS AND TREATMENT OF MOVEMENT IMPAIRMENT SYNDROMES 

Movement Impairment!1: Lower Quarter Examination - cont'(j 

TEST 

Supine te"t" - cont'c> 

Hip flexor length test 

SEGMENT 

Back flat; monitor ASIS 
while lowering the 
relaxed limb; keep 
hip in neutral 
abduction/adduction 

Thigh does not reach 
table, indicating hip 
flexor muscle 
shortness 

Abduct hip; hip 
extension range 
increases (TFL-ITB 
is short), but thigh 
still does not reach 
table 

Passively extend knee; 
hip extension range 
increases (rectus 
femoris is short) 

FAULT 

Normal 

ASIS, Anterior superior iliac spine; DSM, directional susceptibility to movement; ITB, iliotibial band; MMT, manual muscle test; PIP, proximal 
interphalangeal; PIeR, path of the instantaneous center of rotation; PSIS, posterior superior iliac spine; SLR, straight-leg raise; TFL, tensor 
fascia lata; TFL-ITB, tensor fascia lata-iliotibial band. 
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CRITERIA 

Extended thigh lies on table with 
lumbar spine flat 

Femur in midline without hip 
rotation or abduction 

Knee flexed to 80 degrees without 
abduction of tibia or lateral 
tibial rotation 

Hip extended 10 degrees 

CHAPTER SIX 

IMPAIRMENT DSM 



DIAGNOSIS AND TREATMENT OF MOVEMENT I MPAIRMENT SYNDROMES 

Movement Impairment!1: Lower Quarter Examination - cont'o 

TEST 

supine tet1tt1 - cont'~ 

Hip flexor length test-cont'd 

I 

• 

I 

I 

I 
Supine position I 

I 

• 

i 

i 

SEGMENT 

Hip muscle 

1 

I 
Hip joint 

Knee joint 

I 

Lumbar 

FAULT 

Lumbopelvic 
dysfunction 

Dysfunction 

Dysfunction 

Dysfunction 

Normal 

Dysfunction 

ASIS, Anterior superior iliac spine; DSM, directional susceptibility to movement; ITB, iliotibial band; MMT, manual muscle test; PIP, proximal 
interphalangeal; PIeR, path of the instantaneous center of rotation; PSIS, posterior superior iliac spine; SLR, straight-leg raise; TFL, tensor 
fascia lata; TFL-ITB, tensor fascia lata-iliotibial band. 

. 

! 

! 

• 
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CRITERIA 

Pelvis tilts anteriorly 

Pelvis rotates or laterally tilts 

IMPAIRMENT 

Abdominal control-deficient 
Spine too flexible 

Abdominal control-deficient 
Spine too flexible 

Hip extension: greater when the Tensor fascia lata muscle-short 
hip is allowed to abduct and/or 
medially rotate 

Hip extension: greater when the Rectus femoris-short 
knee is passively extended while 
the femur is abducted 

Hip extension: limited when hip is Iliopsoas muscle-short 
abducted and knee is extended 

Femoral head-glides anteriorly 

Anterior knee pain with hip 
extension/adduction 

Lateral tibial rotation 

TIbia glides laterally 

Able to lie with hips and knees 
extended 

Lumbar spine extended 

Lumbar spine flexed 

i 

Iliopsoas-long 
Anterior joint capsule-stretched 

TFL-ITB-short and stiff 

TFL-ITB-short and stiff 

ITB-short and stiff 

Abdominal muscles performance-
insufficient 

Hip flexor muscles-short and stiff 
Pain 
Confirming test: hips and knees flexed; 

decreases pain 

Back extensor muscles-long 
Abdominal muscles-short 
Pain 
Confirming test: hips and knees extended; 

decreases pain 

CHAPTER SIX 

DSM 

Lumbar extension 

Lumbar rotation 

Femoral anterior 
glide 

Patellar glide 
lateral 

TIbiofemoral 
rotation 

TIbiofemoral 
lateral glide 

.. 
, 



DlAGNOSIS AND TREATMENT OF MOVEMENT I MPAIRMENT SYNDROMES 

Movement ImpairmentIJ: Lower Quarter Examination - cont'~ 

TEST 

Supine tet1tt1 - cont)~ 

Lower abdominal, external oblique and rectus 
abdominis performance 

SEGMENT 

Level 3: hip flexed 90 
degrees,extending 
other hip and knee; 
unsupported 

Level 2: hip flexed 
90 degrees, other 
hip/knee extended; 
supported 

Hip flexed to greater 
than 90 degrees; 
other hip/knee 
extended; supported 

On hip held passively 
in flexion, lift other 
limb off table 

Keep one foot on table; 
slide other hip/knee 
into extension 

Lumbar spine 

External oblique 

FAULT 

Normal 

Normal 

Dysfunction 

Dysfunction 

ASIS, Anterior superior iliac spine; DSM, directional susceptibility to movement; ITB, iliotibial band; MMT, manual muscle test; PIP, proximal 
interphalangeal; PIeR, path of the instantaneous center of rotation; PSIS, posterior superior iliac spine; SLR, straight-leg raise; TFL, tensor 
fascia lata; TFL-ITB, tensor fascia lata-iliotibial band. 
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CRITERIA 

Maximal performance: double-leg 
lowering, while maintaining flat 
lumbar spine and posterior 
pelvic tilt 

IMPAIRMENT 

MMT grade 5/5 

Minimal performance: maintain MMT grade 3/5 
one hip at 90 degrees of flexion, 
back flat, while other lower 
extremity is extended and lowered 
to supporting surface while main-
taining lumbar spine flat and 
pelvis in posterior pelvic tilt 

Anterior shear on lumbar spine Pain with hip flexion 

One hip flexed to 90 degrees while MMT grade 2/5 
other lower extremity is 
extended while lightly touching 
heel to supporting surface and 
able to maintain lumbar spine 
flat and pelvis in posterior tilt 

CHAPTER SIX 

DSM 

I 

! 
i 



DIAGNOSIS AND TREATMENT OF MOVEMENT IMPAIRMENT SYNDROMES 

Movement Impairmenti1: Lower Quarter Examination - cont'o 

TEST 

Supine tet1tt1 - cont/~ 

Lower abdominal, external oblique and rectus 
abdominis performance-cont'd 

Trunk curl-sit up: internal oblique and rectus 
abdominis performance 

Position: supine with hands on head, hips and 
knees extended with small support under knees 

SEGMENT FAULT 

External oblique Dysfunction 

Normal 

MMT grade 5/5 

MMT grade 415 

MMT grade 3/5 

Spine Dysfunction 

ASIS, Anterior superior iliac spine; DSM, directional susceptibility to movement; ITB, iliotibial band; MMT, manual muscle test; PIP, proximal 
interphalangeal; PIeR, path of the instantaneous center of rotation; PSIS, posterior superior iliac spine; SLR, straight-leg raise; TFL, tensor 
fascia lata; TFL-ITB, tensor fascia lata-iliotibial band. 
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CRITERIA IMPAIRMENT 

One hip flexed to 90 degrees while MMT grade 1/5 
the other, lower extremity is 
lifted from supporting surface, 
back stays flat 

Flexion of cervical and upper MMT grade 5/5 
thoracic spines 

Posterior pelvic tilt with reversal 
of lumbar curve, flexion of 
thoracic spine 

Thoracic and lumbar flexion 
reaches the limit of spinal 
flexibility, at the point the hip 
flexors contract and the hip 
flexes until the hip flexes to 
80 degrees 

Unable to segmentally flex spine Stiff spine 
throughout trunk curl 

CHAPTER SIX 

DSM 



DIAGNOSIS AND TREATMENT OF MOVEMENT IMPAIRMENT SYNDROMES 

Movement ImpairmenttJ: Lower Quarter Examination - cont'() 

TEST 

. '~ Supme tei1t1- cant -
Trunk curl-sit up: internal oblique and rectus 

abdominis performance-cont'd 

I 

Straight-leg raise (SLR) 

SEGMENT 

Hip muscle 

Internal oblique 

Internal oblique 

Internal oblique 

Monitoring greater 
trochanter 

Hip remains in neutral 
position; correct 
greater trochanter 
position 

Hip medially rotated; 
greater trochanter 
moves anteriorly 

FAULT 

Dysfunction 

Dysfunction 

Dysfunction 

Dysfunction 

Normal 

ASIS, Anterior superior iliac spine; DSM, directional susceptibility to movement; ITB, iliotibial band; MMT, manual muscle test; PIP, proximal 
interphalangeal; PIeR, path of the instantaneous center of rotation; PSIS, posterior superior iliac spine; SLR, straight-leg raise; TFL, tensor 
fascia lata; TFL-ITB, tensor fascia lata-iliotibial band. 

I 
I 

I 
I 
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CRITERIA 

Initiation: limited posterior tilt 
Lumbar spine does not reverse 

its curve 

Able to flex the vertebral column 
through the same range and hold 
it flexed while coming to a 
sitting position with forearms 
folded across chest 

Able to flex the vertebral column 
through the same range and hold 
it flexed while coming to a 
sitting position with forearms 
extended forward 

Able to flex the vertebral column 
to the same range with forearms 
extended forward but loses curl 
when hip flexors contract 

Greater trochanter maintains a 
constant position (PIeR) during 
passive and active SLR 

Hip flexes to 80 degrees 

IMPAIRMENT 

Iliopsoas muscle-short 

Muscle weakness 
MMT 415 

Muscle weakness 
MMT 3/5 

Muscle weakness 
MMT 3-/5 

CHAPTER SIX 

DSM 

I 

I 

I 

! 



DIAGNOSIS AND TREATMENT OF MOVEMENT IMPAIRMENT SYNDROMES 

Movement Impairmenti1: Lower Quarter Examination - cont'o 

TEST SEGMENT FAULT 

. I" S upme teaw - cont (} 

SLR-cont'd Hip Dysfunction 

Lumbar Neural dysfunction 

Iliopsoas Muscle performance Normal 

Hip muscle Dysfunction 

ASIS, Anterior superior iliac spine; DSM, directional susceptibility to movement; ITB, iliotibial band; MMT, manual muscle test; PIP, proximal 
interphalangeal; PIeR, path of the instantaneous center of rotation; PSIS, posterior superior iliac spine; SLR, straight-leg raise; TFL, tensor 
fascia lata; TFL-ITB, tensor fascia lata-iliotibial band. 

I 
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CRITERIA 

Greater trochanter moves anterior 
and superior (medial rotation 
and insufficient posterior glide) 
during active SLR 

During passive SLR, greater 
trochanter maintains a relatively 
constant position, but the 
examiner may need to control 
the axis of rotation by placing 
their thumb along the inguinal 
crease 

Active SLR may produce anterior 
hip pain while passive SLR is 
pain free 

Femoral medial rotation 

Hip flexion less than 80 degrees 
Lumbar flexion 

Pain down lower extremity with 
hip flexion of less than 
45 degrees 

Able to maintain constant position 
of hip flexionlabductionllateral 
rotation with knee extended 

Pelvis stabilized by examiner, 
when resistance is applied in 
direction of hip extensionl 
adduction 

Hip flexed/abducted/laterally 
rotated with knee extended 

Pelvis stabilized by examiner with 
pressure on contralateral iliac 
crest-unable to maintain 
position with application of 
resistance, but able to after 
change of 10 to 15 degrees 

IMPAIRMENT 

Stiff posterior hip joint structures 
Hamstring muscles-short 

Iliopsoas muscles-long 
Hip lateral rotator muscles-long and stiff 

Hamstring muscles-short and stiff 

Neural entrapment 
Confirming test: same pain, patient is 

completely relaxed 
Hip flexor effect on spine if pain is less 

when patient is completely relaxed 

Iliopsoas muscle-long 
Usually TFL will be strong or dominant 

CHAPTER SIX 

DSM 

Femoral anterior 
glide 

Femoral medial 
rotation 

Lumbar flexion 



DIAGNOSIS AND TREATMENT OF MOVEMENT I MPAIRMENT SYNDROMES 

Movement Impairmenti1: Lower Quarter Examination - cont'o 

TEST 

Supine tedt1- cont'£) 

Iliopsoas-cont'd 

Iliopsoas performance 

Hip abductionllateral rotation with hip flexed 

SEGMENT 

Hip muscle 

Right hip abduction! 
lateral rotation; 
monitoring anterior 
superior iliac crest 

Left hip abduction! 
lateral rotation; no 
pelvic rotation 

FAULT 

Normal 

Dysfunction 

Normal 

ASIS, Anterior superior iliac spine; DSM, directional susceptibility to movement; ITB, iliotibial band; MMT, manual muscle test; PIP, proximal 
interphalangeal; PIeR, path of the instantaneous center of rotation; PSIS, posterior superior iliac spine; SLR, straight-leg raise; TFL, tensor 
fascia lata; TFL-ITB, tensor fascia lata-iliotibial band. 
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CHAPTER SIX 

CRITERIA 

Hip flexed/abductedllaterally 
rotated with knee extended 

Pelvis stabilized by examiner with 
pressure on contralateral iliac 
crest-unable to maintain 
position with application of 
maximum resistance, at any point 
in range of motion 

Able to maintain constant position 
with hip flexed/abducted/medially 
rotated with knee extended 

Pelvis stabilized by examiner when 
maximum pressure is applied in 
direction of hip extension! 
adduction 

Hip flexed/abducted/medially 
rotated with knee extended 

Pelvis stabilized by examiner with 
pressure on contralateral iliac 
crest-unable to maintain 
position with application of 
resistance (most often the hip 
will medially rotate) 

Lower extremity moves through 
full range of motion (hip flexion, 
abduction, and lateral rotation) 
and in opposite direction (hip 
flexion, adduction, and medial 
rotation) without associated 
pelvic rotation 

IMPAIRMENT DSM 

Iliopsoas muscle-strained and weak 

TFL muscle-strained and weak 



D IAGNOSIS AND T REATMENT OF M OVEMENT IMPAIRMENT S YNDROMES 

Movement Impairmentl1: Lower Quarter Examination - cont'~ 

TEST 

Supine tei1W - cont'~ 

Hip abductionllateral rotation with hip 
flexed-cont'd 

Unilateral hip and knee flexion (single knee to 
chest); passive and active 

SEGMENT 

Lumbopelvic 

Hip joint 

Passive hip flexion 

Pressure at inguinal 
crease during passive 
hip flexion 

Active hip flexion to 
90 degrees; patient 
then uses hands to 
pull knee toward 
chest 

Lowering leg with 
incorrect lumbar 
extension 

FAULT 

Dysfunction 

Dysfunction 

Normal 

ASIS, Anterior superior iliac spine; DSM, directional susceptibility to movement; ITB, iliotibial band; MMT, manual muscle test; PIP, proximal 
interphalangeal; PIeR, path of the instantaneous center of rotation; PSIS, posterior superior iliac spine; SLR, straight-leg raise; TFL, tensor 
fascia lata; TFL-ITB, tensor fascia lata-iliotibial band. 
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CRITERIA 

Pelvis rotates more than 1/2" 
during first 50% of lower 
extremity motion 

Limited range of hip motion 

Hip flexes 120 degrees in neutral 
rotation without lumbar flexion 

Additional hip flexion causes 
posterior pelvic tilt, flattening 
of lumbar spine while opposite 
lower extremity remains in 
contact with supporting surface 
(comparable to 10 degrees of hip 
extension) 

IMPAIRMENT 

Abdominal muscle control deficiency 
(internal & contralateral external 
obliques) 

Pain in groin 

CHAPfER SIX 

DSM 

Lumbar rotation 



DIAGNOSIS AND TREATMENT OF MOVEMENT IMPAIRMENT SYNDROMES 

Movement Impairment;}: Lower Quarter Examination - cont'(j 

TEST 

Supine terJtrJ - cont/~ 

Unilateral hip and knee flexion (single knee to 
chest); passive and active--cont'd 

Position 

Hip abductionllateral rotation 

SEGMENT 

Ipsilateral hip 

Lumbopelvic 

Contralateral hip 

Lumbar 

Patient could rest foot 
of top leg on bottom 
leg and upwardly 
rotate knee of top 
leg to produce hip 
abductionllateral 
rotation motion 

FAULT 

Dysfunction 

Dysfunction 

Dysfunction 

Normal 

Dysfunction 

Normal 

ASIS, Anterior superior iliac spine; DSM, directional susceptibility to movement; ITB, iliotibial band; MMT, manual muscle test; PIP, proximal 
interphalangeal; PICR, path of the instantaneous center of rotation; PSIS, posterior superior iliac spine; SLR, straight-leg raise; TFL, tensor 
fascia lata; TFL-ITB, tensor fascia lata-iliotibial band. 



CRITERIA 

Hip flexes less than 115 degrees 

Pelvis tilts posteriorly and lumbar 
spine flexes (sacrum lifts off 
supporting surface) 

Opposite hip flexes (hip does not 
extend 10 degrees) 

No discomfort 

Pain 

Able to abduction/laterally rotate 
hip without movement of the 
pelvis 

Lower ani) Upper Quarter Movement Impairment Examination" 

I 

I 

IMPAIRMENT 

Gluteus maximus, piriformis-short 
Lumbar paraspinal muscles-long 
Pain in groin 
Greater trochanter moves 

anterior/superior 
Restricting trochanter movement by 

pressure at inguinal crease, increases 
the resistance to hip flexion 

Stiffness of posterior hip joint structures 

Iliopsoas muscles-short 

Spinal lateral flexion 
Confirming test: support placed at waist 

to eliminate lateral flexion to decrease 
I pain 

I 

I 

I 

CHAPTER SIX 

DSM 

Femoral anterior 
glide 

Lumbar flexion 

Lumbar rotation 

I 

I 



D IAGNOSIS AND TREATMENT OF M OVEMENT IMPAIRMENT SYNDROMES 

Movement ImpairmentJ: Lower Quarter Examination - cont'o 

TEST 

Hip abductionllateral rotation--cont'd 

Hip abduction (other hip joint positions neutral) 
(gluteus medius, minimus, TFL strength) 

Hip abduction in lateral rotation and extension 
(posterior gluteus, medius strength) 

SEGMENT 

Lumbopelvic 

Hip abductor test 
position; pressure 
applied above ankle 

Hip 

Lumbopelvic 

Posterior gluteus 
medius test position 

Iliotibial band length 
assessment 

FAULT 

Dysfunction 

Normal 

Dysfunction 

Dysfunction 

Normal 

ASIS, Anterior superior iliac spine; DSM, directional susceptibility to movement; ITB, iliotibial band; MMT, manual muscle test; PIP, proximal 
interphalangeal; PIeR, path of the instantaneous center of rotation; PSIS, posterior superior iliac spine; SLR, straight-leg raise; TFL, tensor 
fascia lata; TFL-ITB, tensor fascia lata-iliotibial band. 
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CRITERIA 

Pelvis rotates during hip 
abductionllateral rotation 

Able to tolerate maximum 
resistance at end of range 

Unable to tolerate maximum 
resistance at any point in the 
range of motion 

Unable to tolerate maximum 
resistance at the end of the range 
but can after 10 to 15 degrees 
of adduction 

IMPAIRMENT 

Abdominal muscle-deficient control 

MMT 5/5 

Hip abductor muscles-weak 

Hip abductor muscles-long 

Lateral pelvic tilt during active hip Lateral abdominal muscles-dominant 
abduction 

Able to tolerate maximum 
resistance applied at the end of 
range 

MMT grade 5/5 

CHAPTER SIX 

DSM 

Lumbar rotation 

: 

, 

: 

Lumbar rotation 

,~ 

• 



DIAGNOSIS AND TREATMENT OF MOVEMENT IMPAIRMENT SYNDROMES 

Movement Impairment;}: Lower Quarter Examination - cont'lJ 

I 

I 

TEST 

Hip abduction in lateral rotation and 
extension-cont'd 

Hip adduction (uppermost lower extremity) 
Starting position: hip abduction, lateral rotation, 

and slight extension with knee extended 

Hip adduction (lowermost lower extremity) 
Position: hip adducted, neutral rotation, neutral 

flexion/extension, knee extended 

Prone teJW 

Position 

SEGMENT FAULT 

Hip Dysfunction 

Normal 

Hi i P Dysfunction 

i 

; 

Lumbopelvic Dysfunction 

Normal 

Hip Dysfunction 

Normal 

Lumbopelvic Dysfunction 

ASIS, Anterior superior iliac spine; DSM, directional susceptibility to movement; ITB, iliotibial band; MMT, manual muscle test; PIP, proximal 
interphalangeal; PIeR, path of the instantaneous center of rotation; PSIS, posterior superior iliac spine; SLR, straight-leg raise; TFL, tensor 
fascia lata; TFL-ITB, tensor fascia lata-iliotibial band. 
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CRITERIA 

Unable to tolerate maximum 
resistance at any point in range 

Unable to tolerate resistance at 
end of range but can after hip 
adducts 10 to 15 degrees 

Hip flexes when maximum 
resistance is applied 

Hip adducts 10 degrees 

Hip adducts less than 5 degrees 

Hip flexes and/or medially rotates 

Excessive hip adduction with 
anterior distal position of 
greater trochanter 

Lateral pelvic tilt 

Able to tolerate maximum 
resistance applied to lower thigh 

Unable to tolerate maximum 
resistance 

Nopain 

Pain 

I 

CHAPTER SIX 

IMPAIRMENT 

Posterior gluteus medius muscle-weak 

Posterior gluteus medius muscle-long 

TFL-dominant 

Hip abductor muscles-short 

TFL and/or anterior gluteus medius and 
minimus-short 

I 

DSM 

Hip medial 
Rotation and/or 

adduction 

Hip abductor muscles-long Femoral lateral 
glide 

Lateral abdominal muscle control-deficient Lumbar rotation 

MMT grade 5/5 

Adductor muscle-weak 

Lumbar extension-increased 
Compression or anterior shear from psoas 

muscle-increased 
Confirming test: pillow under abdomen; 

decreases pain 

I 
! 

: 

• 



DIAGNOSIS AND T REATMENT OF MOVEMENT IMPAIRMENT SYNDROMES 

Movement ImpairmentiJ: Lower Quarter Examination - cont'() 

TEST SEGMENT FAULT 

Prone teJtJ - cont'() 

Knee flexion Normal 

Muscle performance 

Muscle Dysfunction 

Lumbopelvic Dysfunction 

TIbiofemoral Dysfunction 

Hip medial rotation Normal 

ASIS, Anterior superior iliac spine; DSM, directional susceptibility to movement; ITB, iliotibial band; MMT, manual muscle test; PIP, proximal 
interphalangeal; PIeR, path of the instantaneous center of rotation; PSIS, posterior superior iliac spine; SLR, straight-leg raise; TFL, tensor 
fascia lata; TFL-ITB, tensor fascia lata-iliotibial band. 
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CRITERIA 

Knee flexes to 120 degrees without 
pelvic tilt, rotation, or lumbar 
extension 

Able to maintain knee flexion of 
80 degrees when maximum 
resistance is applied 

Unable to maintain knee flexion 
when resistance is applied 

Knee flexion less than 110 degrees 

Anterior pelvic tilt 

Pelvic rotation 

TIbia lateral rotation 

35 degrees of medial rotation I 
without pelvic rotation 

Hip rotation range of motion is 
highly variable and does not 
necessarily imply muscle 
shortness 

IMPAIRMENT 

MMT grade 5/5 

Hamstring muscles-weak 

Quadriceps muscles-short 

Rectus femoris muscle-stiff 
Abdominal muscle control-deficient 

TFL muscle-stiff 
Abdominal muscle control-deficient 

TFL muscle-stiff 

CHAPTER SIX 

DSM 

Lumbar extension 

Lumbar rotation 

TIbiofemoral 
rotation 

I 

I 



DIAGNOSIS AND TREATMENT OF MOVEMENT IMPAIRMENT SYNDROMES 

Movement Impairmenti1: Lower Quarter Examination - cont'C) 

TEST SEGMENT FAULT 

Prone tet1U1- cont'l) I 
Hip medial rotation-cont'd I Hip Dysfunction 

I I 
I I 
I I 

Lumbopelvic Dysfunction 

I 
TIbiofemoral Dysfunction 

Hip lateral rotation Normal 

Hip Dysfunction 

Lumbopelvic Dysfunction 

TIbiofemoral Dysfunction 

ASIS, Anterior superior iliac spine; DSM, directional susceptibility to movement; ITB, iliotibial band; MMT, manual muscle test; PIP, proximal 
interphalangeal; PIeR, path of the instantaneous center of rotation; PSIS, posterior superior iliac spine; SLR, straight-leg raise; TFL, tensor 
fascia lata; TFL-ITB, tensor fascia lata-iliotibial band. 

I 
I 
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CRITERIA 

Less than 30 degrees of hip medial 
rotation 

Less than 10 degrees 

More than 50 degrees 

Pelvic rotation during first 50% 
of range 

TIbia glides laterally on femur 

35 degrees of lateral rotation 
without pelvic motion, with 
limited arc of movement 

Hip rotation range of motion is 
highly variable and does not 
necessarily imply muscle 
shortness 

Less than 30 degrees of lateral 
rotation 

Less than 10 degrees of lateral 
rotation 

More than 50 degrees of lateral 
rotation 

Greater trochanter moves antero
lateral, making a wide arc of 
movement 

Pelvic rotation during first 50% 
of motion 

TIbia glides on femur 

IMPAIRMENT 

Lateral rotators: obturators, quadratus 
femoris, gemelli, piriformis, posterior 
gluteus medius-short 

Structural variation: retroversion of femur 

Structural variation: ante torsion of femur 

Lumbar spine excessive flexibility 

Knee joint laxity 

Medial rotators: TFL-ITB, anterior gluteus 
medius, gluteus minimus-short 

Structural variation: possible ante torsion 
of femur 

Structural variation: possible retrotorsion 
of femur 

TFL-ITB muscle-short 

Lumbar excessive flexibility 

Knee joint laxity 

CHAPTER SIX 

DSM 

Lumbar rotation 

1ibiofemoral 
rotation 

Anterior femoral 
glide 

Lumbar rotation 

1ibiofemoral 
rotation 

I 



DLAGNOSIS AND TREATMENT OF MOVEMENT IMPAIRMENT SYNDROMES 

Movement Impairmenti1: Lower Quarter Examination - cont'3 

TEST SEGMENT FAULT 

Prone tet1U1- cont'£) 

Hip extension with knee extended Normal 

Muscle Dysfunction 

Lumbopelvic Dysfunction 

Hip Dysfunction 

Hip extension with knee flexed Normal 

ASIS, Anterior superior iliac spine; DSM, directional susceptibility to movement; ITE, iliotibial band; MMT, manual muscle test; PIP, proximal 
interphalangeal; PIeR, path of the instantaneous center of rotation; PSIS, posterior superior iliac spine; SLR, straight-leg raise; TFL, tensor 
fascia lata; TFL-ITE, tensor fascia lata-iliotibial band. 
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CRITERIA 

Hip extends 10 degrees with slight 
lumbar extension, and 
simultaneous contraction of 
gluteus maximus and hamstring 
muscles 

Hip extends 5 degrees 

Lumbar extension/anterior pelvic 
tilt 

IMPAIRMENT 

Iliopsoas muscle-short 

Abdominal muscle control-deficient 
Iliopsoas muscle-short 

Gluteal muscle contraction, as indi- Hamstring recruitment-dominant 
cated by change in muscle con-
tour, delayed until hip is extended 

Greater trochanter moves 
anteriorly 

10 degree hip extension with slight 
lumbar extension 

Hamstring recruitment-dominant, short 
and stiff 

TFL-stretched anterior joint capsule 

CtlAPTER SIX 

DSM 

Lumbar extension 

Femoral anterior 
glide 



DIAGNOSIS AND T REATMENT OF MOVEMENT IMPAIRMENT SYNDROMES 

Movement ImpairmenttJ: Lower Quarter Examination - cont'o 

TEST SEGMENT FAULT 

Prone teoUJ - cont'() 

Alignment Muscle performance 

I 
Muscle Dysfunction 

I 
Hip Dysfunction 

Lumbopelvic Dysfunction 

i 

Qua()rupe() teoUJ 

Alignment Head and neck Normal 

Dysfunction 

Thoracic Normal 

Dysfunction 

Scapula Normal 

ASIS, Anterior superior iliac spine; DSM, directional susceptibility to movement; ITB, iliotibial band; MMT, manual muscle test; PIP, proximal 
interphalangeal; PIeR, path of the instantaneous center of rotation; PSIS, posterior superior iliac spine; SLR, straight-leg raise; TFL, tensor 
fascia lata; TFL-ITB, tensor fascia lata-iliotibial band. 



_____________________________________________ L_o_W __ ey_a_n_~_u~p~p_ey __ Q~u_a_y_te_y_~ __ O_V_e_m_e_n_t_Im~p_a_jrm __ e_n_t_E_x_a_m __ jn_a_t_jo_n_a ___ \ 30 

CRITERIA 

Able to maintain hip extension 
when maximum resistance is 
applied 

Hip extension less than 5 degrees 

Unable to take maximum resistance 
to hip extension 

Anterior displacement of greater 
trochanter during hip extension 

Anterior pelvic tilt-hip flexion! 
lumbar extension 

Head neutral, cervical spine slight 
inward curve, levator scapulae 
not prominent 

Cervical extension, prominence of 
levator scapula 

Slight outward curve 

Increased outward curve 

Asymmetry; scoliosis 

Flat on thorax, positioned between 
T2-7, approximately 3 inches 
from spine 

IMPAIRMENT 

MMT grade 5/5 

Rectus femoris, TFL-ITB muscles-short 

Gluteus maximus muscle-weak 
MMT grade 3 to 4/5 

Stretched anterior joint capsule 
Hamstring muscle-dominance 

Hip flexor muscles-stiff 
Abdominal muscle control-deficient 

Neck extensor muscles-short 
Levator scapulae muscles-short 

Thoracic paraspinal muscles-long 
Rectus abdominis muscles-short 

Abdominal muscle imbalance 

! 

I 
I 

CHAPTER SIX 

DSM 

Femoral anterior 
glide 

Lumbar extension 

Rotation 

Rotation • 



DIAGNOSIS AND TREATMENT OF MOVEMENT I MPAIRMENT SYNDROMES 

Movement ImpairmentiJ: Lower Quarter Examination - cont'o 

TEST SEGMENT FAULT 

Qua~rupe~ tei1W - cont'~ 

Allgnment-cont'd Dysfunction 

I 
Lumbar spine Normal 

Dysfunction 

Hip joint Normal 

I 
Dysfunction 

I 

I 
Ankle Normal 

I I 

ASIS, Anterior superior iliac spine; DSM, directional susceptibility to movement; ITB, iliotibial band; MMT, manual muscle test; PIP, proximal 
interphalangeal; PIeR, path of the instantaneous center of rotation; PSIS, posterior superior iliac spine; SLR, straight-leg raise; TFL, tensor 
fascia lata; TFL-ITB, tensor fascia lata-iliotibial band. 

I 

! 

I 
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CRITERIA 

Winging 

Abducted, more than 31/4" from 
spine 

Adducted, less than 21/2" from 
spine 

Flat or level; no pain 

Flexed, kyphotic 

Confirming test: flatten lumbar 
spine to increase pain 

Extended, lordotic 

Asymmetry, one paraspinal area 
more than 1/2" more prominent 
than opposite side 

90-degree angle between femur 
and pelvis 

Neutral rotation 
Abduction/adduction 

Less than 90 degrees 

Hip lateral rotation 

Plantarfiexed with dorsum of foot 
almost on supporting surface 

I 

I 

IMPAIRMENT 

Serratus anterior muscles-weak and long 

Serratus anterior muscles-short 
Rhomboid and trapezius muscles

may be short 

Serratus anterior muscle-long 
Rhomboid muscles-may be short 

Lumbar back extensor muscles-long 
Abdominal muscles-short 
Psoas muscle-imbalanced 
Pain 
Confirming test: flatten lumbar spine to 

decrease pain 

Lumbar back extensor muscles-short 
Abdominal muscles-long and weak 
Pain 
Confirming test: flatten lumbar spine; 

decreases pain 

Abdominal and back extensor imbalance 

Posterior hip joint capsule, gluteus 
maximus, piriformis muscles-short and 
stiff 

Gluteus maxim us , piriformis muscles
short and stiff 

I 

I 

CHAPTER SIX 

DSM 

Lumbar flexion 

Extension 
or rotation 

Lumbar extension 

Rotation 

I 

i 

. 



DIAGNOSIS AND TREATMENT OF MOVEMENT IMPAIRMENT SYNDROMES 

Movement Impairment;): Lower Quarter Examination - cont'o 

TEST SEGMENT FAULT 

Allgnment---cont'd Dysfunction 

Rocking backward toward heels Normal 

I 

Lumbar Dysfunction 

· 

· 

I 
· Hip Dysfunction 

: I 
J 

Rocking forward Normal 

Lumbar Dysfunction 

ASIS, Anterior superior iliac spine; DSM, directional susceptibility to movement; ITB, iliotibial band; MMT, manual muscle test; PIP, proximal 
interphalangeal; PICR, path of the instantaneous center of rotation; PSIS, posterior superior iliac spine; SLR, straight-leg raise; TFL, tensor 
fascia lata; TFL-ITB, tensor fascia lata-iliotibial band. 

I 

, 

, 
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CHAPTER SIX 

I 

CRITERIA 

Dorsiflexion 

Hips flex, lumbar spine remains flat 
No pain 

Flexion of spine during first 50% 
of motion 

Rotation of lumbar spine 

Decreased hip flexion 

Pelvic rotation 

Even distribution of extension 
throughout the lumbar spine 

No pain 

Marked extension at lower 
segments 

I 

IMPAIRMENT 

Dorsiflexor and toe extensor muscles
short 

Lumbar back extensor muscles-long 
Rectus abdominis muscles-short 
Hip extensor muscles-short and stiff 
Pain with lumbar flexion 
Confirming test: prevent lumbar flexion 

and increase hip flexion: decreases pain 

DSM 

Lumbar flexion 

Pain with flat or lordotic lumbar spine Lumbar extension 
Confirming test: push back with hands and 

avoid use of hip flexors; decreases pain 

Paraspinal muscle-imbalance Rotation 

Gluteus maximus, piriformis muscles-
short and stiff 

Confirming test: abduct and/or laterally 
rotate hips; increases hip flexion 

Gluteus maximus, piriformis muscles-
asymmetric short and stiff 

Confirming test: abductilaterally rotate 
hip with less hip flexion, high side of 
pelvis 

Excessive extension flexibility of spine Extension 
Hip flexor muscles-short 
Pain I 

1 



DIAGNOSIS AND TREATMENT OF MOVEMENT IMPAIRMENT SYNDROMES 

Movement Impairment;}; Lower Quarter Examination - cont)(j 

TEST SEGMENT FAULT 

Qua~rupe~ tet1w- cont'~ 

Shoulder flexion Normal 

Sitting knee extension and ankle dorsiflexion Normal 

ASIS, Anterior superior iliac spine; DSM, directional susceptibility to movement; ITB, iliotibial band; MMT, manual muscle test; PIP, proximal 
interphalangeal; PIeR, path of the instantaneous center of rotation; PSIS, posterior superior iliac spine; SLR, straight-leg raise; TFL, tensor 
fascia lata; TFL-ITB, tensor fascia lata-iliotibial band. 
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CHAPfER SIX 

CRITERIA 

Thoracic and lumbar spines remain 
motionless 

IMPAIRMENT 

Rotation of thoracic spine more Abdominal muscle-poor control 
than 1/2 inch with shoulder flexion 

Rotation of lumbar spine more than Abdominal muscle-poor control 
1/2 inch with shoulder flexion 

Lumbar spine is flat; hip flexed to 
90 degrees without pain 

Lumbar spine is flexed 

Lumbar spine is extended 

Lumbar spine remains flat, knee 
extends to within 10 degrees of 
complete extension with hip 
flexed to 90 degrees, ankle 
dorsiflexes to 10 degrees 

Lumbar back extensor muscles-long 
Pain 

Lumbar back extensor muscles-short 
Hip flexor activity-excessive 
Pain 

DSM 

Rotation 

Rotation 

Lumbar extension 

I 

Extension 

I 



DIAGNOSIS AND TREATMENT OF MOVEMENT IMPAIRMENT SYNDROMES 

Movement Impairmenti1: Lower Quarter Examination - cont)~ 

TEST SEGMENT FAULT 

s ittintJ tei1t1- cont'3 - -
Sitting knee extension and ankle dorsiflexion- Lumbar Dysfunction 

cont'd 

i 

I Hip Dysfunction 

; I 
Ankle Dysfunction 

• I 

• 

ASIS, Anterior superior iliac spine; DSM, directional susceptibility to movement; ITB, iliotibial band; MMT, manual muscle test; PIP, proximal 
interphalangeal; PIeR, path of the instantaneous center of rotation; PSIS, I?osterior superior iliac spine; SLR, straight-leg raise; TFL, tensor 
fascia lata; TFL-ITB, tensor fascia lata-iliotibial band. 

i 

• 

! 

i 

I 
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CHAPTER SIX 

CRITERIA IMPAIRMENT DSM 

Lumbar spine flexes during knee Lumbar paraspinal muscles--Iong Flexion 
extension Hamstring muscles--stiffer than lumbar 

spine 
Pain 
Confirming test: lumbar spine remains 

flat; decreases pain 

Lumbar spine rotates during knee Lumbar paraspinal muscles--unilaterally Rotation 
extension long 

Hamstrings--stiffer than lumbar spine 
Pain 
Confirming test: prevent rotation; 

decreases pain r 
Knee extends less than 75 degrees Hamstring muscles--short 

I with hip flexed to 90 degrees 

Hip medially rotates Medial hamstring muscles--short 
TFL muscle--inappropriately recruited 

Dorsiflexion less than 10 degrees Gastrocnemius muscle--short 
with knee extended Soleus muscles--short 

Dorsiflexion less than 10 degrees Soleus muscles--short I 
with knee flexed 

i 

Toe extension during dorsiflexion Extensor digitorum longus muscle--
I dominant 

Eversion of ankle during dorsi- Peroneal muscle--dominant Pronated foot 
flexion 



DIAGNOSIS AND TREATMENT OF MOVEMENT I MPAIRMENT SYNDROMES 

Movement Impairment;}: Lower Quarter Examination - cont'(j 

TEST SEGMENT FAULT 

Sittin8 teoU1- cont'£) 

Sitting hip flexion Normal 

Muscle Dysfunction 

Hip rotation Normal 

Hip Dysfunction 

Leg 
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I 

CRITERIA 

Hip is flexed to 120 degrees 
Maximum resistance to iliopsoas 

is tolerated 

Unable to tolerate resistance with 
hip in 120 degrees of flexion 
but can at 105 to 110 degrees of 
hip flexion 

Unable to tolerate resistance to 
hip flexion at any point in range 

Hip medial and lateral rotation is 
symmetrical and approximately 
30 degrees 

Hip medial and lateral rotators 
can tolerate maximum resistance 

In maximum medial or lateral 
rotation, maximum resistance 
cannot be tolerated at the end of 
the range of motion 

Maximum resistance cannot be 
tolerated at any point in the 
range of motion 

Medial rotation range of motion 
much greater than lateral 
rotation range 

Lateral rotation range of motion 
much greater than medial rotation 
range 

Tibial structural variation 

CHAPTER SIX 

IMPAIRMENT DSM 

Iliopsoas muscle-long 

Iliopsoas muscle-weak 

I i 

Tested hip rotator muscle-long 

i 

Tested hip rotator muscle-weak : 

. 

Structural variation: hip antetorsion 
• 

Structural variation: hip retrotorsion 

Line between medial and lateral malleoli 
is more than 25 degrees off horizontal 

-' 



DIAGNOSIS AND TREATMENT OF MOVEMENT IMPAIRMENT SYNDROMES 

Movement Impairment;): Lower Quarter Examination - cont'(j 

TEST SEGMENT FAULT 

Stan(jjn(J: back to wa 

Flatten back with arms at sides Normal 

Lumbopelvic Dysfunction 

ASIS, Anterior superior iliac spine; DSM, directional susceptibility to movement; ITB, iliotibial band; MMT, manual muscle test; PIP, proximal 
interphalangeal; PIeR, path of the instantaneous center of rotation; PSIS, posterior superior iliac spine; SLR, straight-leg raise; TFL, tensor 
fascia lata; TFL-ITB, tensor fascia lata-iliotibial band. 
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CRITERIA 

With arms at side, feet 3 inches 
forward of the wall, lumbar spine 
can be flattened against the wall 
without pain 

Unable to flatten lumbar spine 

IMPAIRMENT 

Abdominal muscles-weak 
Iliopsoas muscle-short 
Back extensor muscles-short 
Pain with lumbar flexion 

CHAPrER SIX 

DSM 

Extension 
Extension 
Extension 
Flexion 



DIAGNOSIS AND TREATMENT OF MOVEMENT IMPAIRMENT SYNDROMES 

Gait 

COMPONENT DYSFUNCTION 

Pelvic rotation Normal 

Lumbopelvic dysfunction 

Lateral pelvic shift Normal 

CRITERIA 

Pelvis rotates 4 degrees on either side of a central 
axis (total 8 degrees) during swing phase with 
right and left sides 

Increased rotation of pelvis at end of stance phase 
when hip is extending 

Increased anterior pelvic tilt at end of stance 
phase when hip is extending 

Trunk shifts laterally over weightbearing leg 1 inch 

Lumbopelvic dysfunction Lateral pelvic shift less than 1 inch 

Pelvic drop (hip 
rotation) 

Hip medial rotation 
of stance leg from 
heel strike to 
midstance 

Normal 

Lumbopelvic dysfunction 

Normal 

Hip dysfunction 

Hip lateral to Normal 
rotation on stance 
leg from midstance 
to push-off 

Knee angle from 
heel strike to 
midstance 

Ankle motion from 
midstance to 
push-off 

Lumbopelvic dysfunction 

Normal 

Knee dysfunction 

Normal 

Ankle dysfunction 

5 degrees of hip adduction of stance leg 

More than 5 degrees of hip adduction of stance leg 

Lateral trunk flexion toward stance leg 

5 to 7 degrees of hip medial rotation from heel 
strike to midstance 

More than 5 to 7 degrees of hip medial rotation 

Less than 5 to 7 degrees of hip lateral rotation 

5 to 7 degrees of hip lateral rotation from foot flat 
toe off associated with supination 

Less than 5 to 7 degrees of hip lateral rotation 

At heel strike the knee flexes 15 degrees then 
extends to neutral until push-off 

At heel strike or shortly afterwards, the knee 
hyperextends 

From midstance to push-off the ankle plantar 
flexors increase their activity to create heel rise 
and contribute to knee flexion 

Push-off decreased, appears to walk "flat-footed 

Inman VT, Ralston HI, Todd F: Human walking, Baltimore, 1981, Waverly Press. 
Kendall FP, McCreary EK, Provance PK: Muscles: testing and function, ed 4, Baltimore, 1993, Williams and Wilkins. 
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IMPAIRMENT 

Hip flexor muscles of stance leg-short and stiff 

Hip flexor muscles of stance leg-short and stiff 

Hip abductor muscles of stance leg-short 

Hip abductor muscle-weak 

Hip abductor-markedly weak 

Hip lateral rotator muscles-long and weak 
Hip abductor medial rotator muscles--dominant 

Hip lateral rotator muscles-short 

Lateral rotator muscle-inefficient performance 

Gastrocnemius and soleus muscles-short 
Quadriceps muscles--decreased performance 

Gastrocnemius and soleus muscles--decreased performance 

CHAPTER SIX 

DSM 

Lumbar rotation 

Lumbar extension 



DIAGNOSIS AND TREATMENT OF MOVEMENT IMPAIRMENT SYNDROMES 

Movement ImpairmentIJ: Lower Quarter Examination 

IMPAIRMENT DSM DSM DSM 
POSITION TEST STRUCTURAL VARIATION EXT ROT FLEX NT ACC 

Standing Alignment 
Thoracic o Kyphosis 0 0 0 

o Flat 
o Asymmetry: prominent R L 

Lumbar o Lordotic 
o Flat 0 0 0 
o Asymmetric 
o Pain 
o Decreased pain when flatten spine 

Pelvis o Anterior tilt 
o Posterior tilt 0 0 0 
o Lateral tilt R<>L 
o Rotation to R L 

Hip o Flexed 
o Extended 0 0 0 
o Medially rotated R L 
o Laterally rotated R L 

Knees o Bowed R L 
DVarum R L 
o Torsion R L 

Foot o Pronated R L 
o Supinated R L 

Standing Forward o Pain 
movement bending o Lumbar spine flexion> 25 degrees 0 0 0 
tests o Lumbar spine extended 

I 
o Spine faster> hips 

I o Hip flexion < 70 degrees 

Corrected o Pain increase 0 0 0 
forward o Pain same 
bending o Pain decrease 

I 

Return o Pain 0 0 0 
forward o Mostly leads with back 
bending o Hip sway 

Corrected o Pain increase 0 0 0 
return o Pain same 

o Pain decrease 

Side bending o Pain R L 0 
o Limited to R L 
o Asymmetry R><L 
o Sharp angle of bend R L 
o Lateral glide to R L 

Abd, Abduction; ace, accessory; DSM, directional susceptibility to movement; ext, extension; flex, flexion; lat, lateral; LE, lower extremity; 
NT, nerve tension; PIeR, path of the instantaneous center of rotation; PGM, posterior gluteus medius; Rot, rotation. 

Permission is hereby given to photocopy this page for use during patient examination. 



Lower anD Upper Quarter Movement Impairment ExaminationtJ ________________________________________________ ~~ __ ~ ____________ ~ ________ ~--~~--\32 

CHAPTER SIX 

IMPAIRMENT DSM DSM DSM 
POSITION TEST STRUCTURAL VARIATION EXT ROT FLEX NT ACC 

Standing Corrected o Pain increase 0 
movement side bending o Pain same 
tests- o Pain decrease 
cont'd 

Rotation 
Thoracic o Pain R L 

o Asymmetric R><L 

Lumbar o Pain R L 0 
o Asymmetric R><L 

Backward o Pain 
I sway 0 0 

True lumbar o Pain 
I extension 

Single-leg o Lateral trunk flexion R L 
stance o Hip adduction R L 0 

o Pelvic rotation R L 
o Hip rotation R L 

Hip/knee flex o Hip medial rotation R L 
partial o Hip lateral rotation R L 
squat o Ankle pronation R L 

o Ankle supination R L 

Supine Double knee o Pain 0 
(edge of to chest o Lumbar flexion, sacrum off table 
table) 

Hip flexor 
length 
Pelvis o Anterior tilt R L 0 0 0 

o Lateral tilt R L 
o Rotation R L 

Muscle length OTFL R L 0 0 
short o Rectus femoris R L 

o iliopsoas R L 

Hip joint o iliopsoas-long R L 0 
o Femoral head prominent R L 

(anterior glide) 

Knee joint o Lateral tibial rotation R L 0 
On table Position (Compared to standing) 

Hips/knees o Pain increase R L 0 0 
flexion o Pain same R L 

o Pain decrease R L 

Pennission is hereby given to photocopy this page for use during patient examination. 
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DlAGNOSIS AND T REATMENT OF' M OVEMENT I MPAIRMENT SYNDROMES 

Movement Impainnenta: Lower Quarter Examination - cont'(j 

IMPAIRMENT DSM DSM DSM 
POSITION TEST STRUCTURAL VARIATION EXT ROT FLEX NT ACC 

On table- Hips/lmees o Pain R L both only 
cont'd extension o Pain onset < 500;6 of ext R L 0 0 

o Pain onset> 75% of ext R L 

Support under o Pain increase 0 0 
lumbar spine o Painsarne 

o Pain decrease 

Unilateral 0< 110 degrees hip flexion R L 0 
bip/knee o Associated lumbar flexion R L 0 
flexion o Pain in groin R L 0 
Passive o PICR deviation R L 0 
Active o Pain with LE motion R L 0 

o Lumbopelvic rotation with R L 0 

Hip abdllat rot o Lumbopelvic rotation R L 
from flexion o Limitation hip motion R L 0 0 0 

o Pain in groin R L 
o Lateral hip pain R L 

Supine Lower o Pain with hip flexion R L 
abdominal o Hold knee to chest R L 0 0 
muscle o Hip flex> 110 degrees R L 
performance 01/5 R L 

02/5 
03/5,4/5,5/5 

I 
I 

Upper o Trunk curl < 1/5 
abdominal o Trunk curl-sit up, arms out 3/5 
muscle o Trunk curl-sit up, arms folded 4/5 
performance o Trunk curl-sit up, hands on head 5/5 

Hip o < 80 degrees with back flat R L 0 0 0 
flexionllmee o Pain into thigh < 45 degrees R L 0 
extended 

Straight-leg o No pain; totally passive R L 0 
raise o PICR deviation R L 0 

From SLR: hip o Pain R L 
extension-
resisted 

f I 

Iliopsoas o Long R L 
performance o Weak/strained, 3/5, 4/5 R L 

TFL o Weak/strained, 215, 3/5, 4/5 R L 
performance 215,3/5, 4/5 R L 

Abd, Abduction; ace, accessory; DSM, directional susceptibility to movement; ext, extension; flex, flexion; lat, lateral; LE, lower extremity; 
NT, nerve tension; PIeR, path of the instantaneous center of rotation; PGM, posterior gluteus medius; Rot, rotation. 

Permission is hereby given to photocopy this page for use during patient examination. 
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IMPAIRMENT DSM DSM DSM 
POSITION TEST STRUCTURAL VARIATION EXT ROT FLEX NT ACC 
Side-lying Position o Pain 0 

Support under o Pain increase R L 0 
side o Pain same R L 

o Pain decrease R L 

Hip lateral o Pain R L 0 
rotation! o Lumbopelvic rotation R L 
abduct 

Hip abduction o Pain R L 0 
(top LE) o Lateral pelvic tilt R L 0 
Muscle o Long R L 
performance o Weak/strained R L 
(top LE) 3,4,5 R 

3,4,5 L 

Hip adduction o Lateral pelvic tilt R L 0 
(top LE) o Medial rotation R L 0 

o Excessive ROM R L 
o Limited ROM R L 

(Obertest < 10 degrees) 

Muscle Weak; 2, 3, 4, 5 R 
performance 
(bottom LE) 

Hip Long R L 
abductionllat Weak/strained R L 
rotation! Hip flexion!medial rotation R L 
extension 3,4,5 R 
(PGM) 3,4,5 L 

Prone Position o Pain increase 0 0 
o Pain same 
o Pain decrease 

Support under o Pain increase 0 0 
abdomen o Pain same 

o Pain decrease 

Knee flexion o Pain R L 0 0 
Passive o Anterior pelvic tilt R L 

o Lumbopelvic rotation R L 

Active o Pain R L 0 0 
o Anterior pelvic tilt R L 
o Lurnbopelvic rotation R L 

Stabilize pelvis o Pain increase R L 0 0 
o Pain same R L 
o Pain decrease R L 

Pennission is hereby given to photocopy this page for use during patient examination. 
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DIAGNOSIS AND TREATMENT OF MOVEMENT I MPAIRMENT SYNDROMES 

Movement ImpairmenttJ: Lower Quarter Examination - cont/~ 

POSITION TEST 

Prone- Passive flexion 
cont'd femur 

Muscle 
performance 
Resisted 
knee flexion 

Hip medial 
rotation 

Stabilize pelvis 

Hip lateral 
rotation 

Hip extension 
with knee 
extended 

Hip extension 
with knee 
flexed 

Gluteus 
maximus 
performance 

Quadruped Alignment 
Thoracic 
spine 

IMPAIRMENT DSM DSM 
STRUCTURAL VARIATION EXT ROT 

o Lateral rotation R L 

o Weak, 3/5, 4/5 R 
3/5,4/5 L 

o Strained R L 

Pain R L 0 
Lumbopelvic rotation R L 

Pain increase R L 0 
Pain same R L 
Pain decrease R L 

Range of motion R L 

Antetorsion R L 
Retrotorsion R L 

Pain R L 0 
Lumbopelvic rotation R L 0 
Pain increase R L 0 
Pain same R L 
Pain decrease R L 

Range of motion R L 

Antetorsion R L 
Retrotorsion R L 

o Pain R L 0 0 
o > Lumbar extension R L 0 
o Lumbopelvic rotation R L 0 
o Onset gluteus maximus R L 

after hip extension 

o PICR anterior deviation R L 

o Pain R L 0 
o > Lumbar extension R L 0 
o < 5 degrees hip extension R L 
o PICR anterior deviation R L 
o Weak/long 

3,3+,4-,4,4+/5 R 
3,3+,4-,4,4+/5 L 

o Kyphosis 
o Scoliosis 

DSM 
FLEX NT ACC 

0 

0 

0 

0 

Abd, Abduction; ace, accessory; DSM, directional susceptibility to movement; ext, extension; flex, flexion; lat, lateral; LE, lower extremity; 
NT, nerve tension; PIeR, path of the instantaneous center of rotation; PGM, posterior gluteus medius; Rot, rotation. 

Permission is hereby given to photocopy this page for use during patient examination. 
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IMPAIRMENT DSM DSM DSM 
POSITION TEST STRUCTURAL VARIATION EXT ROT FLEX NT ACC 

Quadruped Lumbar spine o Flexed 0 0 
-cont'd o Flat 

o Lordotic 
o Asymmetric, prominent R L 

Pelvis o Asymmetric, prominent R L 0 0 
o Pain 0 0 

Correct o Pain increase 0 0 
alignment o Pain same 

o Pain decrease 

Rocking o Pain 
backward 

Lumbar spine o Flexes 0 0 0 
o Rotates 
o Extends 

Pelvis o Rotates R L 0 
o Lateral tilt R L 

Corrected o Pain increase 0 0 0 
lumbar o Pain same 
alignment o Pain decrease 

Push with o Pain increase 0 0 
arms o Pain same 

o Pain decrease 

Hip laterally o < Pelvic rotation/tilt 0 
rotated! o < Lumbar rotation 
abducted 

Rocking o Pain 0 
forward 

I 

Shoulder o Pain 0 
flexion o Lumbar rotation with R L 

shoulder motion 

Sitting Alignment o Pain 0 0 0 
Flexion o Pain 
Flat o Pain 
Extended 

Knee o Pain R L 0 0 0 
extension o Lumbar flexion R L 

o Lumbar rotation/flexion R L 
o < 80 deg of knee extension R L 
o Hip medial rotation R L 

Dorsiflexion o < 10 deg of dorsiflexion R L 

Pennission is hereby given to photocopy this page for use during patient examination. 



D IAGNOSIS AND T REATMENT OF M OVEMENT IMPAIRMENT S YNDROMES 

Movement Impairment!): Lower Quarter Examination - cont'lJ 

IMPAIRMENT DSM DSM DSM 
POSITION TEST STRUCTURAL VARIATION EXT ROT FLEX NT ACC 

Sitting- Hip flexion- o Long R L 
cont'd iliopsoas o Weak/strained R L 

performance 3,4,5 R 
3,4,5 L 

Hip medial Range of motion R L 
rotation 

o Antetorsion R L 
o Retrotorsion R L 

Muscle o Weakllong 
performance 3,3+,4-,4,4+/5 R 

3,3+,4-,4,4+/5 L 

Hip lateral Range of motion R L 
rotation 

o Antetorsion R L 
o Retrotorsion R L 

o Weakllong 
3,3+,4-,4,4+/5 R 
3,3+,4-,4,4+/5 L 

Standing: Flatten back o Pain increase 0 0 
back to wall o Pain same 

o Pain decrease 

Abd, Abduction; ace, accessory; DSM, directional susceptibility to movement; ext, extension; flex, flexion; lat, lateral; LE, lower extremity; 
NT, nerve tension; PIeR, path of the instantaneous center of rotation; PGM, posterior gluteus medius; Rot, rotation. 

Permission is hereby given to photocopy this page for use during patient examination. 
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CHAPTER SIX 

IMPAIRMENT DSM DSM DSM 
POSITION TEST STRUCTURAL VARIATION EXT ROT flEX NT ACC 

Shoulder o Pain increase 0 
flexion o Pain same 

o Pain decrease 

Gait Lumbar o Increased during stance of R L 0 
extension o Pain increase 

Pelvic rotation o Increased during stance of R L 
o Pain increase 0 

Lateraltrunk o Increased during stance of R L 
flexion o Pain increase 0 
Hip adduction o Increased during stance of R L 
(pelvic drop) o Pain increase 0 
Hip medial o Increased during stance of R L 
rotation 
during stance 

Knee angle at o Hyperextension R L 
midstance 

Heel rise o Flexion 
o Decreased R L 

Pennission is hereby given to photocopy this page for use during patient examination. 



DIAGNOSIS AND TREATMENT OF MOVEMENT IMPAIRMENT SYNDROMES 

Movement ImpairmenttJ: Upper Quarter Examination 
Test items, test criteria, and associated impairments 

TEST SEGMENT FAULT 

Alignment Head and neck Normal 

i 
, 

Dysfunction 

i 

Extended 

Forward 

I Flat 

Thoracic spine Normal 

Kyphotic 

Flat 

Swayed back 

Scoliotic 

Infrasternal angle Normal 

I Narrow 

I 
Wide 

Lumbar spine Normal 

Lordotic 
Confirming test: 

flatten lumbar 

I 
spine decreases pain 

ASIS, Anterior superior iliac spine; DSM, directional susceptibility to movement; ITE, iliotibial band; MMT, manual muscle test; PIP, proximal 
interphalangeal; PIeR, path of the instantaneous center of rotation; PSIS, posterior superior iliac spine; SLR, straight-leg raise; TFL, tensor 
fascia lata; TFL-ITE, tensor fascia lata-iliotibial band. 

I 

i 

i 

I 
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CHAPTER SIX 

CRITERIA IMPAIRMENT DSM 

Head erect in neutral position 
with inward cervical curve 

Pain in neck, between neck and I 
acromion 

Confirming test: passive elevation 
of shoulder girdle to decrease pain 

Head forward with increased Intrinsic neck flexor muscles-long 
cervical curve (lordotic) Extensor muscles-short 

Head forward with straight Degenerative disk disease 
cervical spine 

. 

Decrease in cervical curve Neck extensor muscles-long 

Outward curve I 
Outward curve-increased Rectus abdominis muscle-short I 

Thoracic paraspinal muscles-long 

Outward curve-absent Thoracic paraspinal muscles-short 

Shoulders more than 2" posterior External oblique muscles-long 
to greater trochanter muscles Rectus abdominis muscle-short 

Internal oblique muscles-short 

Rotation with rib hump Asymmetric abdominal and back 
musculature performance 

90 degrees I 
I 

75 degrees External oblique muscle-short 

More than 100 degrees External oblique muscles-short 

I 
and/or long 

i 

Inward curve-20 to 30 degrees I I 
Inward curve more than 30 degrees External oblique muscles-long Extension 

Iliopsoas muscles-short 

I 
Lumbar paraspinal muscles-short 
Pain 



DIAGNOSIS AND TREATMENT OF MOVEMENT IMPAIRMENT SYNDROMES 

Movement Impainnenta: Upper Quarter Examination - cont'() 

TEST SEGMENT FAULT 

Stan3infJ tei1ti1- cont'3 

Allgnment-cont'd Flat 

I 

Scapula Normal 

I 
Downwardly rotated 

I 
Depressed 

I 

Abducted 

I 
Adducted 

Wmging/tilt 

Elevated 

Humerus Normal 

Anterior 

• 

I 

ASIS, Anterior superior iliac spine; DSM, directional susceptibility to movement; ITB, iliotibial band; MMT, manual muscle test; PIP, proximal 
interphalangeal; PIeR, path of the instantaneous center of rotation; PSIS, posterior superior iliac spine; SLR, straight-leg raise; TFL, tensor 
fascia lata; TFL-ITB, tensor fascia lata-iliotibial band. 

I 
i 

I 

! 

I 
I 

I 

! 
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CRITERIA 

Inward curve-absent 
(may be normal for men) 

Horizontal, situated between T2-6, 
flat on thorax, vertebral border 
parallel to and approximately 3" 
from spine 

Rotated 30 degrees in frontal plane 

Superior angle farther from spine 
than inferior angle 

Lower than T2, acromioclavicular 
joint lower than sternoclavicular 
joint 

Vertebral border is more than 
3" from spine 

Rotated in frontal plane is more 
than 30 degrees 

Vertebral border less than 3" from 
spine 

Vertebral border or inferior angle 
protrudes from thorax 

IMPAIRMENT 

Paraspinal muscles-long 
Iliopsoas muscle-long 

Upper trapezius-long 
Levator scapula and rhomboid muscles

short and stiff 
Serratus anterior lower fibers-long 
Deltoid and supraspinatus muscles-short 

Upper trapezius muscles-long 

Serratus anterior muscles-short 
Rhomboid and trapezius muscles-long 
Scapulohumeral muscles-short and stiff 

Serratus anterior muscles-long 
Rhomboid and trapezius muscles-short 

Flat thorax 
Serratus anterior muscles-weak 
Pectoralis minor muscles-short 
Scapulohumeral muscles-short and stiff 
Rib hump 

Higher than T2 and acromion high Upper trapezius muscles-short 

I 

Superior aspect extends slightly I 
lateral of acromion, less than 
one third of head is forward of 
the acromion, neutral rotation, 
parallel to thorax, proximal and 
distal ends in same vertical plan 

More than one third of head 
forward of acromion 

Levator scapula and rhomboid muscles
short 

Anterior joint capsule-stretched 
Subscapularis muscle-long 

CHAPrER SIX 

DSM 

I . 

! 



DlAGNOSlS AND T REATMENT OF M OVEMENT IMPAIRMENT SYNDROMES 

Movement Impairment!1: Upper Quarter Examination - cont'o 

TEST SEGMENT FAULT 

Stan3jnfJ tef1tf1- cont'3 

Alignment-cont'd Humerus-cont'd Superior 

Medially rotated 

I 
Laterally rotated 

Abducted 

Shoulder flexion-elevation Normal 

Shoulder Dysfunction 

Scapular Dysfunction 

ASIS, Anterior superior iliac spine; DSM, directional susceptibility to movement; ITB, iliotibial band; MMT, manual muscle test; PIP, proximal 
interphalangeal; PIeR, path of the instantaneous center of rotation; PSIS, posterior superior iliac spine; SLR, straight-leg raise; TFL, tensor 
fascia lata; TFL-ITB, tensor fascia lata-iliotibial band. 

I 
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CRITERIA 

Up against acromion 

Cubital fossa faces medially 
Olecranon faces laterally: if scapula 

abducted may not be medially 
rotated 

IMPAIRMENT 

Deltoid muscles-short 
Rotator cuff-inefficient 

Lateral rotator muscles-ineffective control 
Medial rotator muscles-short and stiff 

Not common, except when scapula Lateral rotator muscles-short 
is adducted and humerus appears 
neutral 

Distal aspect of humerus away 
from side of body, humerus does 
not extend beyond acromion 

180 degrees without abduction of 
scapula more than 112" beyond 
posterolateral border of 
thorax, inferior angle of scapula 
reaches midaxillary line by 
abducting and upwardly rotating 
to 60 degrees, without excessive 
elevation or depression of 
shoulder girdle, or movement of 
spine 

Less than 180 degrees of motion 

Inferior angle does not reach 
midaxillary line 

Insufficient abduction/upward 
rotation 

Upward rotate less than 60 degrees 

Does not depress at end of range 

Elevation-excessive 

Deltoid muscles-short 
Supraspinatus muscles-short 
Scapula downwardly rotated 

Latissimus dorsi muscles-short 
Pectoralis minor muscles-short 
Pectoralis major muscles-short 
Pain, extension of trunk 
Shoulder flexor muscles-weak 

Serratus anterior muscles-long and weak 
Rhomboid muscles-short and stiff 

Serratus anterior muscles-long and weak 
Trapezius muscles-long and weak 
Rhomboid muscles-short and stiff 

Lower trapezius muscles-long and weak 
Pectoralis minor muscles-short 

Upper trapezius muscle-dominant 

CHAPTER SIX 
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Superior glide 

Medial rotation 

Superior glide 

Anterior glide 

Humerus
excessive 
superior glide 



DIAGNOSIS AND T REATMENT OF MOVEMENT IMPAIRMENT SYNDROMES 

Movement Impairmenti1: Upper Quarter Examination - cont'o 

TEST SEGMENT FAULT 

Stan3infJ tei1tt1- cont'3 

Shoulder flexion-elevation-cont'd Scapula Dysfunction 

Humerus 

Dysfunction 

Shoulder extension (return from elevation) Normal 

Scapula Dysfunction 

ASIS, Anterior superior iliac spine; DSM, directional susceptibility to movement; ITB, iliotibial band; MMT, manual muscle test; PIP, proximal 
interphalangeal; PIeR, path of the instantaneous center of rotation; PSIS, posterior superior iliac spine; SLR, straight-leg raise; TFL, tensor 
fascia lata; TFL-ITB, tensor fascia lata-iliotibial band. 
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CRITERIA 

Abduction-excessive 

Wmging of scapula 

Anterior glide more than 
one third of head-excessive 

Superior glide-excessive 

Medial rotation-excessive 
(scapula not abducted) 

Scapula downwardly rotates and 
adducts while remaining close to 
thorax 

Humerus moves in a 2:1 relation
ship to scapula 

Humerus remains centered in the 
glenoid as extends 

Winging of scapula 

Scapular depression-excessive 

Downward rotation-excessive 

Adduction-excessive 

IMPAIRMENT 

Serratus anterior muscles-short and 
dominant 

Trapezius muscles-long and weak 
Rhomboid muscles-long 

Serratus anterior-long and weak 
Scapulohumeral muscles-short and weak 

Subscapularis muscle-long and weak 
Anterior joint capsule-stretched 
Pectoralis major muscle-dominant 

Deltoid muscle-dominant 
Rotator cuff-decreased performance 

Lateral rotator muscles-insufficient 
performance 

Medial rotator muscles-short and stiff 

Scapulohumeral muscles not elongating 
as rapidly as the thoracoscapular muscles 

Often associated with shortness of 
scapulohumeral muscles 

Pectoralis minor muscle-dominant 

Upper trapezius muscle-decreased 
performance 

Lower trapezius muscle-dominant 

Serratus anterior and lower trapezius 
muscles-decreased performance 

Scapulohumeral muscles-short and stiff 

Serratus anterior muscle-decreased 
performance 

CHAPTER SIX 

DSM 



DIAGNOSIS AND T REATMENT OF MOVEMENT IMPAIRMENT SYNDROMES 

Movement ImpairmentJ : Upper Quarter Examination - cont'o 

TEST SEGMENT FAULT 

Stan3jno ter1tr1- cont'3 

Shoulder extension-cont'd Humerus Dysfunction 

Shoulder abduction--elevation Normal 

Scapula Dysfunction 

Humerus Dysfunction 

ASIS, Anterior superior iliac spine; DSM, directional susceptibility to movement; ITB, iliotibial band; MMT, manual muscle test; PIP, proximal 
interphalangeal; PIeR, path of the instantaneous center of rotation; PSIS, posterior superior iliac spine; SLR, straight-leg raise; TFL, tensor 
fascia lata; TFL-ITB, tensor fascia lata-iliotibial band. 
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CRITERIA 

Anterior displacement of humeral 
head (often associated with 
insufficient scapular adduction) 

After first 30 degrees of abduction, 
the scapula upwardly rotates and 
abducts, moving in a 1:2 ratio 
with the humerus; which is 
laterally rotating while remaining 
centered in the glenoid 

On completion of 180 degrees of 
motion, the inferior angle of the 
scapula reaches the midaxillary 
line of the thorax 

Scapula is upwardly rotated 60 
degrees 

Inferior angle does not reach 
midaxillary line, insufficient 
abduction/upward rotation
insufficient 

Upward rotate less than 60 degrees 

Does not depress at end of range 

Elevation excessive 

Abduction excessive 

Winging of scapula 

Superior glide excessive 
(most likely to occur during 
abduction) 

IMPAIRMENT 

Subscapularis muscles-long and weak 
Anterior joint capsule-stretched 
Posterior deltoid muscle-dominant 

Serratus anterior-long and weak 
Rhomboid muscles-short and stiff 

Serratus anterior muscles-long and weak 
Trapezius muscles-long and weak 
Rhomboid muscles-short and stiff 

Lower trapezius muscles-long and weak 
Pectoralis minor muscle-short 

Upper trapezius muscle-dominant 
Humerus-excessive superior glide 

Serratus anterior muscle-short and 
dominant 

Trapezius muscle-long and weak 
Rhomboid muscles-long 

Serratus anterior muscle-long and weak 
Scapulohumeral muscles-short and weak 

Deltoid muscle-dominant 
Rotator cuff-decreased performance 

CHAPTER SIX 
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Anterior glide 

Superior glide 



DIAGNOSIS AND TREATMENT OF MOVEMENT IMPAIRMENT SYNDROMES 

Movement ImpairmentiJ: Upper Quarter Examination - cont'o 

TEST 

Stan{)infJ te!1t!1 - cont'{) 

Shoulder abduction-elevation-eont'd 

Shoulder adduction-return from shoulder 
abduction 

Supine te!1t!1 

Pectoralis minor length 

SEGMENT 

Humerus 

Scapula 

I 

i 

I 
, 

r 

FAULT 

Dysfunction 

Normal 

Dysfunction 

r 
I 

l 

I . 
i 

Humeral dysfunction 

I 

Normal 

ASIS, Anterior superior iliac spine; DSM, directional susceptibility to movement; ITB, iliotibial band; MMT, manual muscle test; PIP, proximal 
interphalangeal; PIeR, path of the instantaneous center of rotation; PSIS, posterior superior iliac spine; SLR, straight-leg raise; TFL, tensor 
fascia lata; TFL-ITB, tensor fascia lata-iliotibial band. 

I 

i 

, 

i 
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CRITERIA 

Excessive anterior glide more than 
one third of head (most often 
when scapula is abducted) 

Humerus is not in plane of scapula 
but in plane of lateral trunk 

Lateral rotation-decreased 

Scapula downwardly rotates and 
adducts while remaining close 
to thorax 

Humerus moves in a 2:1 relation-
ship to scapula and remains 
centered in the glenoid as the 
humerus extends to the neutral 
position 

Wmging of scapula 

Scapular depression-excessive 

Downward rotation-excessive 

Adduction-excessive 

Superior glide of humeral head 

Posterior border of acromion no 
greater than 1 inch from table 
with arms at side and elbows 
flexed 

C HAPTER SIX 

IMPAIRMENT DSM 

Subscapularis muscle-long and weak Anterior glide 
Anterior joint capsule-stretched 
Pectoralis major-dominant 

I 
Lateral rotator muscles-insufficient Medial rotation 

performance 
Medial rotator muscles-short and stiff 

i 
Scapulohumeral muscles not elongating as 

rapidly as the thoracoscapular muscles 
Often associated with shortness of 

scapulohumeral muscles 
Pectoralis minor-dominant I 
Upper trapezius-decreased performance 

! Lower trapezius muscle-dominant 
, 

Serratus anterior and lower trapezius 
muscles-decreased performance 

Scapulohumeral muscles-short and stiff 

Serratus anterior muscle-decreased I 

performance 

Deltoid muscle-dominant Humeral superior 
Rotator cuff-decreased performance glide 



DIAGNOSIS AND TREATMENT OF MOVEMENT IMPAIRMENT SYNDROMES 

Movement ImpairmentJ: Upper Quarter Examination - cont'o 

TEST 

supine teJtJ - cant'e> 

Pectoralis minor length-cont'd 

Shoulder flexion-maximum 
(latissimus dorsi length) 

SEGMENT FAULT 

Muscle dysfunction 

Normal 

Shoulder dysfunction 

Muscle dysfunction 

ASIS, Anterior superior iliac spine; DSM, directional susceptibility to movement; ITB, iliotibial band; MMT, manual muscle test; PIP, proximal 
interphalangeal; PIeR, path of the instantaneous center of rotation; PSIS, posterior superior iliac spine; SLR, straight-leg raise; TFL, tensor 
fascia lata; TFL-ITB, tensor fascia lata-iliotibial band. 
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CRITERIA 

Stretch applied in superior-lateral 
direction can place the posterior 
border of acromion against the 
table without rotation or 
elevation of rib cage, when the 
thoracic spine has a normal curve 

IMPAIRMENT 

Posterior border of the acromion Pectoralis minor muscle-short 
is more than 1 inch from table 
and cannot be passively stretched 
to the table when elbow is flexed 
or shoulder is slightly flexed 
(absence of kyphosis or scoliosis) 

Posterior border of the acromion 
is more than 1 inch from table 
and cannot be passively stretched 
to the table when arm is at 
patient's side and the elbow is 
extended 

Shoulders flex to 180 degrees 
(arms in contact with table) with 
lumbar spine flat and scapula 
does not protrude more than 
112 inch beyond posterolateral 
border of thorax 

Humeral anterior or superior glide, 
medial rotation, insufficient 
scapular upward rotation 

Shoulder flexion less than 180 
with back flat 

Lumbar spine extends during 
shoulder flexion 

Inferior angle of scapula extends 
more than 112 inch beyond 
posterolateral border of thorax 

Short head of biceps brachii muscles-short 

Pain 

Latissimus dorsi muscle-short 

Latissimus dorsi muscle-short and stiff 
Abdominal muscles-less stiff 
Lumbar spine flexible into extension 

Teres major muscle-short 
Confirming test: medially rotate humerus

increased range of motion into flexion 
No change in flexion range of motion 
All scapulohumeral muscles-short 

CHAPTER SIX 

DSM 

! 

i 

I I 



DIAGNOSIS AND TREATMENT OF MOVEMENT I MPAIRMENT SYNDROMES 

Movement ImpairmentJ: Upper Quarter Examination - cont'3 

TEST 

Supine teata- cont'3 

Shoulder positioned in 135 degrees of abduction 
(pectoralis major length-sternal) 

Shoulder positioned in 90 degrees of abduction 
(pectoralis major length-clavicular) 

Lateral rotation of shoulder 
(medial rotator muscle length) 

Shoulder positioned in 90 degrees of abduction 
Elbow flexed to 90 degrees 

Medial rotation of shoulder 
(lateral rotator muscle length) 

Shoulder positioned in 90 degrees of abduction 
Elbow flexed to 90 degrees 

SEGMENT FAULT 

Normal 

Shoulder dysfunction 

Muscle dysfunction 

Glenohumeral 
dysfunction 

Normal 

Shoulder dysfunction 

Muscle dysfunction 

Glenohumeral 
dysfunction 

Normal 

Shoulder dysfunction 

Muscle dysfunction 

Normal 

Shoulder dysfunction 

Shoulder dysfunction 

Muscle dysfunction 

ASIS, Anterior superior iliac spine; DSM, directional susceptibility to movement; ITB, iliotibial band; MMT, manual muscle test; PIP, proximal 
interphalangeal; PIeR, path of the instantaneous center of rotation; PSIS, posterior superior iliac spine; SLR, straight-leg raise; TFL, tensor 
fascia lata; TFL-ITB, tensor fascia lata-iliotibial band. 
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CRITERIA 

Arm rests on table without 
anterior displacement of 
humeral head 

IMPAIRMENT 

Humeral anterior or superior glide Pain in glenohumeral joint 

Arm does not contact table 

Head of humerus is displaced 
anteriorly 

Arm contacts table without anterior 
displacement of the humeral head 

Pectoralis major, sternal portion-short 

Laxity of anterior joint capsule 

Humeral anterior or superior glide Pain glenohumeral joint 

Arm does not contact table Pectoralis major, clavicular portion-short 

Anterior displacement of humeral 
head 

90 degrees of humeral abduction 
and lateral rotation with minimal 
movement of scapula 

Anterior or superior glide of 
humeral head 

Less than 90 degrees of lateral 
rotation 

90 degrees of abduction, shoulder 
should rotate 70 degrees medially 
(fingers touch table with wrist 
flexed), without scapular tilt or 
humeral anterior glide 

Laxity of anterior joint capsule 

Pain 
Lateral rotator muscles-stiff 
Laxity of anterior joint capsule 

Teres major, subscapularis, pectoralis major 
(clavicular portion) muscles-short 

CHAPTER SIX 

DSM 

Anterior to 
superior glide 

Anterior glide 

Anterior glide 

Anterior or 
superior glide 

Scapular anterior tilt Lateral rotators stiffer than lower trapezius Anterior glide 

Humeral anterior glide 

Less than 70 degrees of medial 
rotation 

Laxity of anterior joint capsule 

Infraspinatus, teres minor muscles-
short and stiff with 6 to 8 repetitions; 
range improves-stiff very frequent finding 



DlAGNOSIS AND TREATMENT OF MOVEMENT IMPAIRMENT SYNDROMES 

Movement ImpairmentiJ: Upper Quarter Examination - cone" 

TEST SEGMENT FAULT 

Prone tel1tl1 

Shoulder medial rotation Normal 

Shoulder dysfunction 

Muscle dysfunction 

ASIS, Anterior superior iliac spine; DSM, directional susceptibility to movement; ITB, iliotibial band; MMT, manual muscle test; PIP, proximal 
interphalangeal; PIeR, path of the instantaneous center of rotation; PSIS, posterior superior iliac spine; SLR, straight-leg raise; TFL, tensor 
fascia lata; TFL-ITB, tensor fascia lata-iliotibial band. 
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CRITERIA 

90 degrees of abduction, with 
humerus in scapular plane, the 
patient is able to medially rotate 
the humerus 70 degrees without 
scapular movement or anterior 
glide of humeral head 

Able to maintain medially rotated 
position with application of 
maximum resistance 

Humeral anterior glide 

Scapular anterior tilt 

Scapular elevation 

Less than 70 degrees of medial 
rotation 

Unable to maintain medial rotation 
with application of maximum 
resistance 

IMPAIRMENT 

Pain 
Teres minor, infraspinatus, posterior 

deltoid muscles-stiff and short 
Laxity of anterior joint capsule 

Lower trapezius muscle-long and weak 

Upper trapezius muscle-dominant 

Teres minor, infraspinatus, posterior 
deltoid muscles-short 

Subscapularis muscle-weak and long 

C HAPTER SIX 

DSM 

Anterior glide 



DIAGNOSIS AND TREATMENT OF MOVEMENT IMPAIRMENT SYNDROMES 

Movement Impairmenti1: Upper Quarter Examination - cont'o 

TEST SEGMENT FAULT 

Prone teJtJ - cont'o 

Shoulder lateral rotation Normal 

Shoulder dysfunction 

ASIS, Anterior superior iliac spine; DSM, directional susceptibility to movement; ITB, iliotibial band; MMT, manual muscle test; PIP, proximal 
interphalangeal; PIeR, path of the instantaneous center of rotation; PSIS, posterior superior iliac spine; SLR, straight-leg raise; 1'FL, tensor 
fascia lata; TFL-ITB, tensor fascia lata-iliotibial band. 
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CRITERIA 

90 degrees of abduction with 
humerus in scapular plane 

Scapula not abducted 
Able to rotate humerus laterally 

90 degrees without scapular 
depression 

Able to maintain laterally rotated 
position with application of 
maximum resistance 

Anterior or superior glide of 
humeral head 

Abduction of scapula (only able to 
be detected if scapula correctly 
positioned and not resting in 
abduction for test) 

IMPAIRMENT 

Pain 
Anterior joint capsule-lax 
Posterior deltoid muscle-dominant 

(note extension of arm) 

Trapezius and rhomboid muscles-long 
and weak 

DSM 

Anterior or 
superior glide 



DIAGNOSIS AND TREATMENT OF M OVEMENT IMPAIRMENT SYNDROMES 

Movement ImpairmentiJ: Upper Quarter Examination - cont/~ 

TEST SEGMENT FAULT 

Prone teata - cont'£) 

Shoulder lateral rotation-cont'd 

I 
Muscle dysfunction 

~ 

I I 
Lower trapezius performance Normal 

Muscle dysfunction 

I I 
Middle trapezius performance Normal 

ASIS, Anterior superior iliac spine; DSM, directional susceptibility to movement; ITB, iliotibial band; MMT, manual muscle test; PIP, proximal 
interphalangeal; PIeR, path of the instantaneous center of rotation; PSIS, posterior superior iliac spine; SLR, straight-leg raise; TFL, tensor 
fascia lata; TFL-ITB, tensor fascia lata-iliotibial band. 

! 

i 
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CRITERIA 

Scapular depression 

Less than 90 degrees of lateral 
rotation 

Unable to tolerate maximum 
resistance when laterally rotated 

Able to maintain scapular upward 
rotation/adduction/depression 
and lateral rotation of humerus 
(thumb upward) with shoulder 
abducted to 135 degrees with 
application of maximum 
resistance 

Difficulty passively placing the arm 
in test position 

Unable to maintain test position 
with maximum resistance, but 
can after 10 to 15 degrees of 
position change 

Unable to tolerate maximum 
resistance at any point in range 
of motion 

Shoulder girdle elevates with 
application of maximum 
resistance 

Scapula downwardly rotates or 
humerus medially rotates 

Able to maintain scapular upward 
rotation/adduction/depression 
and lateral rotation of humerus 
(thumb upward) with shoulder 
abducted to 90 degrees with 
application of maximum 
resistance 

IMPAIRMENT 

Lower trapezius or latissimus dorsi 
muscles--dominant 

TIming problem with glenohumeral 
lateral rotators 

Teres major, subscapularis muscles--short 

Infraspinatus, teres minor, posterior 
deltoid muscle--weak 

Pectoralis minor muscles--short 

Lower trapezius muscle-long 

Lower trapezius muscle-weak 

Upper trapezius muscle--dominant 

Rhomboid muscles--dominant 

CHAPTER SIX 
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DIAGNOSIS AND TREATMENT OF MOVEMENT IMPAIRMENT SYNDROMES 

Movement Impairment;}: Upper Quarter Examination - cont'o 

TEST SEGMENT FAULT 

Prone teJtJ - cont/() 

Middle trapezius performance-cont'd Muscle dysfunction 

Rhomboid muscles 

Qua()rupe() teJtJ 

Alignment Head and neck Normal 

Dysfunction 

Thoracic Normal 

. Dysfunction 

Scapula Normal 

Wmging 

ASIS, Anterior superior iliac spine; DSM, directional susceptibility to movement; ITB, iliotibial band; MMT, manual muscle test; PIP, proximal 
interphalangeal; PIeR, path of the instantaneous center of rotation; PSIS, posterior superior iliac spine; SLR, straight-leg raise; TFL, tensor 
fascia lata; TFL-ITB, tensor fascia lata-iliotibial band. 
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CHAPTER SIX 

• 

CRITERIA 

Unable to maintain test position 
with maximum resistance, but 
can after 10 to 15 degrees of 
position change 

Unable to tolerate maximum 
resistance at any point in range 
of motion 

Shoulder girdle elevates with 
application of maximum 
resistance 

Scapula downwardly rotates or 
humerus medially rotates 

If scapulae are markedly abducted 
approximately 4", the manual 
muscle test of rhomboid muscle 
is indicated 

Head neutral, cervical spine 
slightly inward curve 

Levator scapulae-not prominent 

IMPAIRMENT 

Middle trapezius muscle-long 

Middle trapezius muscle-weak 

Upper trapezius muscle-dominant 

Rhomboid muscles-dominant 

Cervical extension, prominence of Neck extensor muscles-short 
levator scapula Levator scapulae muscles-short 

DSM 

• 

• 

i 

Slight outward curve I 

Increased outward curve 

Asymmetric; scoliosis 

Flat on thorax 
Positioned between T2-7, approxi

mately 3 inches from spine 

Thoracic paraspinal muscles-long 
Rectus abdominis muscle-short 

Abdominal muscle imbalance 

Serratus anterior muscle-weak and long 
I 

I 

Rotation 

Rotation 



DIAGNOSIS AND T REATMENT OF MOVEMENT IMPAIRMENT SYNDROMES 

Movement ImpairmenttJ: Upper Quarter Examination - cont'o 

TEST SEGMENT FAULT 

Qua~rupe~ tei1ti1- cont'~ 

Alignment-cont'd 

I 

I I 
Glenohumeral Normal 

I 
Dysfunction 

I 
Lumbar spine Normal 

Hip joint Normal 

I Ankle Normal 

I 

Rocking backward toward heels Normal 

Cervical Dysfunction 

ASIS, Anterior superior iliac spine; DSM, directional susceptibility to movement; ITB, iliotibial band; MMT, manual muscle test; PIP, proximal 
interphalangeal; PIeR, path of the instantaneous center of rotation; PSIS, posterior superior iliac spine; SLR, straight-leg raise; TFL, tensor 
fascia lata; TFL-ITB, tensor fascia lata-iliotibial band. 

I 
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CHAPTER SIX 

CRITERIA IMPAIRMENT DSM 

Abducted more than 31/4" from Serratus anterior muscle-short 
R spme hombOld and trapezIUs muscles-may be 

I short 

Adducted less than 21/2" from Serratus anterior muscle-long 

I spine Rhomboid muscles-may be short 

Shoulders flexed to 90 degrees 
with no rotation or abduction 

Elbows extended 

Glenohumeral joint medially Medial rotator muscles-short Medial rotation 
rotated 

Glenohumeral abduction Deltoid muscle-short and stiff 

Flat or level; no pain 
I 

90 degree-angle between femur 
and pelvis 

Neutral rotation, abduction! 
adduction 

Plantarflexed with dorsum of foot 
almost on supporting surface 

f I 
Head and neck remain level 

I Scapulae maintain a relatively 
constant position on thorax as 
they upwardly rotate and slightly 
abduct and the shoulder flexes 

Thoracic and lumbar spine 
maintain a constant alignment 
as the hips flex 

Levator scapulae muscle Levator scapulae muscles-dominant as Cervical 
definition-notably prominent neck extensors extension 

Extension of cervical spine and Levator scapulae muscles-short and Cervical 
head dominant extension 

f I 



DIAGNOSIS AND TREATMENT OF MOVEMENT IMPAIRMENT SYNDROMES 

Movement Impainnentil : Upper Quarter Examination - cont'o 

TEST SEGMENT FAULT 

Qua3rupe3 teata- cont'3 

Rocking backward toward heels-cont'd 

r 
Scapula Dysfunction 

i I 

! 
I ~ 

Glenohumerus Dysfunction 

Thoracic spine Dysfunction 

Rocking forward Normal 

I 
i Dysfunction 

Shoulder flexion 
I 

Normal 

Thoracic spine Dysfunction 

I 

ASIS, Anterior superior iliac spine; DSM, directional susceptibility to movement; ITB, iliotibial band; MMT, manual muscle test; PIP, proximal 
interphalangeal; PIeR, path of the instantaneous center of rotation; PSIS, posterior superior iliac spine; SLR, straight-leg raise; TFL, tensor 
fascia lata; TFL-ITB, tensor fascia lata-iliotibial band. 

I 

I 

I 

I 
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CRITERIA IMPAIRMENT DSM 

Rotation of cervical spine and head Ipsilateral levator scapulae muscles-short Cervical rotation 
Contralateral upper trapezius muscle-

dominant I 
Elevation of shoulder girdle Levator scapulae, rhomboid, upper 

(shrugging motion) trapezius muscles-short and stiff 
Lower trapezius muscle-long and weak I 

Excessive scapular abduction Serratus anterior muscle-short and 
dominant 

Trapezius muscle-long and weak 

Insufficient scapular upward Rhomboid muscles-short and stiff 
rotation 

Depression of shoulder girdle Latissimus dorsi muscles-short and stiff I 
Humeral medial rotation Latissimus dorsi, medial rotator muscles- Medial rotation 

short 

Flexion/depression of thorax Rectus abdominis muscle-short Flexion/rotation 

Unilateral rotation of thorax, rib Oblique abdominal muscle-imbalanced 
cage 

Prominence increases unilaterally 

Scapula stay flat on thorax as 
weight on upper extremity 
increases 

Scapula wing Serratus anterior muscle-long and weak 

Thoracic and lumbar spines 
remain motionless 

Rotation of thoracic spine more Abdominal muscle-poor control Rotation 
1 " than 12 Wlth shoulder flexIOn 

I 

i 



DIAGNOSIS AND TREATMENT OF MOVEMENT IMPAIRMENT SYNDROMES 

Movement ImpairmentJ : Upper Quarter Examination - cont'o 

TEST 

Stan~jno: facino waC tet1W 

Shoulder abduction to 135 degrees 

SEGMENT 

Starting position with 
ulnar side of hand 
against wall 

Slide arms up wall 

Lift arms off wall by 
adducting scapula 

Slide arms up to 145 
degrees of abduction; 
then lift arms off 
wall by adducting 
scapula 

FAULT 

Normal 

Dysfunction 

ASIS, Anterior superior iliac spine; DSM, directional susceptibility to movement; ITB, iliotibial band; MMT, manual muscle test; PIP, proximal 
interphalangeal; PIeR, path of the instantaneous center of rotation; PSIS, posterior superior iliac spine; SLR, straight-leg raise; TFL, tensor 
fascia lata; TFL-ITB, tensor fascia lata-iliotibial band. 
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I 

CRITERIA 

Starting with shoulders laterally 
rotated, elbows flexed, ulnar side 
of hand against wall 

Slide arms up wall to 135 degrees 
of abduction 

Scapula abducts and upwardly 
rotates 

Adduct scapula to lift arms off 
wall 

Unable to abduct to 135 degrees 
with adequate scapular upward 
rotation 

I 

IMPAIRMENT 

Trapezius, serratus anterior muscles-long 
and weak 

CHAPI'ER SIX 

DSM 

I 



DIAGNOSIS AND T REATMENT OF MOVEMENT IMPAIRMENT SYNDROMES 

Movement ImpairmentiJ : Upper Quarter Examination - cont)(j 

TEST 

Shoulder abduction to 135 degrees-cont'd 

Shoulder flexion to 170 degrees 

Shoulder flexion to 170 degrees while shrugging 
shoulders 

SEGMENT FAULT 

Normal 

Dysfunction 

Normal 

ASIS, Anterior superior iliac spine; DSM, directional susceptibility to movement; ITB, iliotibial band; MMT, manual muscle test; PIP, proximal 
interphalangeal; PIeR, path of the instantaneous center of rotation; PSIS, posterior superior iliac spine; SLR, straight-leg raise; TFL, tensor 
fascia lata; TFL-ITB, tensor fascia lata-iliotibial band. 
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CRITERIA 

Unable to adduct scapula on 
completion of shoulder abduction 

Starting with arms at side, elbows 
flexed, ulnar side of hand 
against the wall, flex shoulders 
while extending elbow 

Shoulder flexes to 170 degrees 
with upward rotation and 
abduction of scapula 

Less than 170 degrees of shoulder 
flexion 

Shoulders remain depressed 

Unable to adduct scapula on 
completion of flexion 

Starting with arms at side, elbows 
flexed, ulnar side of hand against 
the wall flex and shru g 
while extending elbow 

shoulders 

Shoulder flexes to 170 degrees with 
upward rotation and abduction 
of scapula with top of shoulder 
close to ears 

CHAPTER SIX 

IMPAIRMENT DSM 

Trapezius muscle-long and weak 

• 

Pectoralis minor, latissimus dorsi 
muscles-short 

I 
Pectoralis minor, latissimus dorsi 

muscles-short 
Upper trapezius muscle-long and weak 

Trapezius muscle-long and weak 
Pectoralis minor muscle-short 

I 
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Movement ImpairmentiJ: Upper Quarter Examination - cont'(j 

TEST 

Stan~jntJ: facino wa tedt1- cont'~ 

Shoulder flexion to 170 degrees while shrugging 
shoulders-cont'd 

Stan~jntJ: back to wa_[[_te_d_t1 ______ __ 

Flatten back with arms at sides 

Flatten back with shoulders flexed to 180 degrees 

SEGMENT 

Inman VT, Ralston HJ, Todd F: Human walking, Baltimore, 1981, Waverly Press. 

FAULT 

Dysfunction 

Normal 

Muscle dysfunction 

Normal 

Muscle dysfunction 

Kendall FP, McCreary EK, Provance PK: Muscles: testing and function, ed 4, Baltimore, 1993, Williams and Wilkins. 

ASIS, Anterior superior iliac spine; DSM, directional susceptibility to movement; ITB, iliotibial band; MMT, manual muscle test; PIP, proximal 
interphalangeal; PIeR, path of the instantaneous center of rotation; PSIS, posterior superior iliac spine; SLR, straight-leg raise; TFL, tensor 
fascia lata; TFL-ITB, tensor fascia lata-iliotibial band. 
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CHAPTER SIX 

CRITERIA 

Unable to shrug shoulders during 
flexion motion 

Able to flatten lumbar spine 
without thoracic flexion 
(depressing chest) 

Hips and knees are flexed 

Chest depresses as attempt to 
flatten lumbar spine 

Able to flatten lumbar spine while 
maintaining maximum shoulder 
flexion 

Unable to flatten lumbar spine 
unless chest elevates and lumbar 
spine extends 

IMPAIRMENT 

Upper trapezius muscle-long and weak 
Rhomboid, latissimus dorsi, pectoralis 

minor muscles-short and stiff 

Rectus abdominis muscle-short and 
dominant 

Latissimus dorsi, pectoralis major, minor 
muscles-short and stiff 

DSM 
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Movement ImpainnenttJ: Upper Quarter Examination - cont'3 

DYSFUNCTION SCAPULAR SYNDROMES HUMERAL SYNDROMES 
POSITION TEST STRUCTURAL VARIATION DR DP AB WG AN SP HO MR 

Standing Alignment 
Head and neck o Extended 

o Forward 
o Flat 

I o Pain 

Passive o Pain decreased 
elevation o Pain same 

o Pain increased 

Thoracic spine o Kyphosis 
o Flat 
o Scoliosis-rib R L 

Infrastemal o < 75 degrees -
angle 0> 100 degrees 

Lumbar spine o Flat 
o Lordotic 

Scapula o Downwardly 
rotated R L 0 0 0 0 

o Depressed R L 
o Abducted R L 
o Adducted R L 
o Winging/tilt R L 
o Elevated R L 

Humerus o Anterior R L 0 0 0 0 
o Superior R L 
o Medially 

rotated R L 
o Laterally 

rotated R L 
o Abducted R L I 

Shoulder o < 180 degrees 
flexion- of motion R L 0 0 0 0 0 0 0 0 
elevation 

Scapula o Inferior angle 
< midthorax R L 0 0 0 0 0 0 0 0 

0< 60 upward 
rotation R L 

o Deficient 
elevation R L 

o Excessive 
elevation R L 

o Excessive 
abduction R L 

o Winging R L 

AB, Abduction; AN, anterior glide; DP; depression; HO, hypomobility; MR, medial rotation; SP, superior glide: WG; winging/tilt. 

Permission is hereby given to photocopy this page for use during patient examination. 
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DYSFUNCTION SCAPULAR SYNDROME HUMERAL SYNDROMES 
POSITION TEST STRUCTURAL VARIATION DR DP AB WG AN SP HO MR 

Standing Shoulder o Anterior glide R L 0 0 0 0 
-cont'd flexion- o Superior glide R L 

humerus o Medial rotation R L 

I 
o < 170 degrees R L 

: 

I Shoulder o > Depression R L 0 0 0 0 
I extension 

return from 
flexion 

Scapula o > Down rotation R L 
o > Adduction R L 

Humerus o Anterior glide R L io 
Shoulder o Inferior angle 

I 

abduction < midthorax R L 0 0 0 0 
Scapula 0< 60 upward 

rotation R L 
o Deficient 

elevation R L 
o Excessive 

elevation R L 
o Excessive 

abduction R L 
o Winging R L 

Humerus o Superior glide R L 
o Anterior glide R L 0 0 0 0 
o < Lateral rotation R L 

I 
o < 120 degrees R L 

Shoulder o Winging R L 0 0 0 0 
adduction-
return from 
abduction 

Scapula o > Depression R L 
0> Downward 

rotation R L 
o > Adduction R L 

Humerus o Superior glide R L 0 
I 

Supine Pectoralis o Short R L 0 0 0 0 
minor length o Stiff R L 

Biceps-short o Short R L 
head o Stiff R L 

Shoulder 
I flexion 

Latissimus o Short R L 

I dorsi-length o Stiff R L 

Pennission is hereby given to photocopy this page for use during patient examination. 



DIAGNOSIS AND TREATMENT OF MOVEMENT IMPAlRMENT SYNDROMES 

Movement Impairmenti1: Upper Quarter Examination - cont'(j 

DYSFUNCTION SCAPULAR SYNDROME HUMERAL SYNDROMES 
POSITION TEST STRUCTURAL VARIATION DR DP AB WG AN SP HO MR 
Supine- Lumbar spine o Extension R L 
cont'd 

I 
Teres major- o Short R L 
length o Stiff R L 

Humeral head o Anterior glide R L 0 0 0 0 
o Superior glide R L 
o Medial rotation R L 
o < 120 degrees R L 

i I 

Pectoralis I 
major-length 
Sternal o Short R L 0 0 0 0 

o Stiff R L 

Clavicular o Short R L 
o Stiff R L 
o Long R L 

Humeral head o Anterior glide R L 0 0 0 0 
o Superior glide R L 
o Medial rotation R L 
o < 120 degrees R L 

, 
Shoulder- o < 90 degrees R L 
lateral rotation o Stiff 

Humeral head o Anterior glide R L 
o Superior glide R L 0 0 0 0 

I 
1 

Shoulder o < 70 degrees 
medial rotation rotation R L 

Scapula o Anterior tilt R L 0 
Humeral head o Anterior glide R L 

o Superior glide R L 0 0 0 0 
Prone Shoulder o < 70 degrees 0 

medial rotation rotation R L 

Scapula o Anterior tilts R L 0 
o Elevates R L 

Humeral head o Anterior glide R L 0 
Muscle o Weakllong 

I I 

performance R3 3+ 4- 4 4+/5 
L 3 3+ 4- 4 4+/5 , 

AB, Abduction; AN, anterior glide; DP; depression; HO, hypomobility; MR, medial rotation; SP, superior glide: WG; winging/tilt. 

Permission is hereby given to photocopy this page for use during patient examination. 
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CHAPTER SIX 

DYSFUNCTION SCAPULAR SYNDROME HUMERAL SYNDROMES 
POSITION TEST STRUCTURAL VARIATION DR DP AB WG AN SP HO MR 

Prone- Shoulder o < 90 degrees 
cont'd Lateral rotation rotation R L 0 

Scapula o Anterior tilts R L 
o Depresses R L 
o Abducts R L 

Humerus o Anterior glide R L 
o Deltoid 

dominance R L 

Muscle · o Weakllong 
performance R 3 3+ 4- 4 4+/5 

L 3 3+ 4- 4 4+/5 l i 

r 
i 

Lower o Weakllong 
trapezius R 3 3+ 4- 4 4+/5 

L 3 3+ 4- 4 4+/5 
o Upper trap 

substitution R L 
i I 

I 
I 

Middle o Weakllong 
trapezius R 3 3+ 4- 4 4+/5 

L 3 3+ 4- 4 4+/5 
o Rhomboid 

substitution R L 
I 

Quadruped Alignment 
Cervical o Extension 0 0 0 0 

o Levator scapula 
prominence R L 

Thoracic o Kyphosis 
o Scoliosis R L 

Scapula OWing R L 
o Abducted R L 
o Adducted R L 

Humerus o Medially rotated R L 

I o Abducted R L 
I 

I Rocking I backward o Head/neck extend 

Scapula o Elevate 
o Depress 
o Abduct 
0< Upward 

rotation R L 

Thoracic spine o Flexes 
o Rotates I I 

Pemtission is hereby given to photocopy this page for use during patient examination. 
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Movement ImpairmentiJ: Upper Quarter Examination - cont'o 

DYSFUNCTION SCAPULAR SYNDROME HUMERAL SYNDROMES 
POSITION TEST STRUCTURAL VARIATION DR DP AB WG AN SP HO MR 

Quadruped Rocking 
-cont'd forward 

I 
Scapula OWing 0 0 0 0 

o > Adduction I 
Shoulder I 
flexion 
Thoracic spine o Rotation 

Standing Shoulder o < 135 degrees I 
facing wall abduction to abduction R L 0 0 0 0 

135 degrees 0< 60 scapular 
rotation R L 

o No addition 
last phase R L 

I 

Shoulder o < 170 degrees 0 0 0 0 
flexion to 170 flexion R L 
degrees o Scapula 

depressed R L 
o < 60 degrees up 

rotation R L 
Humerus o > Elevation R L 

o Superior glide R L 

I 
0 0 0 

o < Lateral rotation R L 

Shoulder o < 170 degrees R L 0 0 0 0 
flexion to 170 flexion 
degrees with o Scapular R L 
shrugging depressed 

o < 60 degrees R L 
up rotation 

Humerus o Unable to shrug R L 
o Superior glide R L 

I 

o < Lateral rotation R L 
I 0 0 0 

AB, Abduction; AN, anterior glide; DP; depression; HO, hypomobility; MR, mecliaJ rotation; SP, superior glide: WG; winging/tilt. 
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Standing Exercises 

Supine Exercises 

Side-lying Exercises (lower Extremity) 

Side-lying Exercises (Upper Extremity) 

Prone Exercises (lower Extremity) 

Prone Exercises (Upper Extremity) 

Quadruped Exercises 

Sitting Exercises 

Standing Exercises 

Walking Exercises 

Introouction 

The value of exercise is so commonly recognized that 
individuals from professions ranging from health and ed
ucation to acting promote and teach exercises. In many 
cases the only qualification of the instructor or promoter 
is that of celebrity status or salesmanship skill. Unfor
tunately, because exercises are promoted and taught by 
such a wide range of individuals and are so highly pub
licized, there is little appreciation for the complexity of 
(1) how specific exercises can affect different body seg
ments, (2) how to select exercises that complement one 
another, (3) how to select specific exercises for the 
needs of different individuals, and (4) how to instruct in
dividuals in correct performance of their exercises. The 
prevailing notion is that exercises are generic, or that 
"one size fits all." It is true that everyone needs exercise, 
but not all exercises can be recommended for all indi
viduals, and not all individuals will perform a specific ex
ercise in the same way. 

Exercises can address three major aspects of 
health: 

1. Musculoskeletal movement health, which is 
achieved by providing optimal control of align-

ment and specific joint movements; this control is 
a necessary foundation upon which to add the 
strengthening and endurance exercises 

2. Tissue health and optimal musculoskeletal strength 
by improving the contractile capacity of muscles 

3. Cardiovascular health and muscular endurance 
Control exercises provide the means of pre

venting and remediating musculoskeletal pain prob
lems, which the individual must do to maintain a 
strengthening and endurance program of exercise 
that does not lead to problems. Strengthening cannot 
suffice for the control exercises. If it could, then ath
letes and those who perform weight-training exer
cises would not be injured; however, they are among 
those who are the most frequently injured. Control ex
ercises must be selected for a specific individual 
based on a physical examination. The exercises must 
be taught very carefully, including monitoring the pa
tient's performance and assessing whether the de
sired outcome is being achieved. Although many ex
ercise manuals are available, they lack the detailed 
discussion of the purposes of the exercises that are 
described, how they are to be used, and what special 
considerations are necessary depending upon the pa
tient's condition. Exercise programs do not have to be 
complex, but they must fit the patient's needs and they 
must be performed correctly. Most often the simplest 
exercises are the most effective, but they can only be 
effective if all of the exercises are consistent in ad
dressing the problem and if they have been well taught 
to the patient. Patient compliance with an exercise 
program is determined by whether the patient under
stands specifically how the exercise benefits his 
problem, experiences improvement in his or her con
dition, can easily learn how to perform the exercises 
correctly, and can perform the program within rea
sonable time constraints. 
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The following information describes the multiple 
purposes of what may seem like simple exercises. Many 
of these simple exercises are components of basic move
ments used in daily activities and will only be effec
tive if the correct performance of the patient's mostfre
quently performed daily activities is also addressed in 
the treatment program. If good control of the trunk and 
pelvis is maintained, correction of daily movement pat
terns and postures that do not compromise this control 
are the keys to preventing and correcting muscu
loskeletal pain problems. 

Stan3jno Exercii1ei1 

Forward Bending (Hip Flexion With Flat 
lumbar Spine) 
Purposes 

• To decrease the excessive flexibility of the lumbar 
spine and to increase hip extensor extensibility 

• To train the patient to move more easily through 
the hip joints than through the lumbar spine 

• To encourage the use of the gluteus maximus dur
ing the return from flexion to erect standing 

• To enhance the performance of the hip extensor 
muscles 

Correct Performance 
LEVEL 1: FORWARD BENDING WITH HAND SUPPORT 

• The patient performs hip flexion with a flat lumbar 
spine and limits the flexion of the remainder of the 
spine. 

• The patient places the hands on a table or a coun
tertop and bends forward by flexing the hip joints 
while keeping the spine straight (flat or less than 
the normal inward curve). 

• The patient flexes the knees if necessary to allevi
ate the tension on the hamstring muscles. 

• The patient allows the hips to sway backward 
slightly; this is beneficial if the heel cords are 
short. 

• The patient places the weight of the upper body on 
the hands. 

• The patient allows the elbows to flex while flexing 
at the hips. 
LEVEL 2: FORWARD BENDING WITHOUT HAND SUPPORT. 

The patient performs the Levell exercise without hand 
support. 

RETURN TO ERECT STANDING FROM FORWARD BENDING. 
This movement is primarily a hip extension movement be
cause the spine is straight and the alignment of the trunk 
does not change. The patient returns to the erect position 
by initiating the movement with hip extension. Frequently 
seen performance errors include the following: 

• The patient initiates the return motion with hip 
extension, but early in the movement sequence he 
or she commences lumbar extension and creates 
the momentum to bring the trunk over the hips. 

• The patient initiates the return motion with hip 
extension, but early in the movement sequence he 
or she sways the pelvis forward and dorsiflexes 
the ankles to minimize the demands on the hip 
extensors. This type of compensation is very com
mon in patients with a swayback posture who 
have weak gluteal muscles. 

Special Considerations 
OSTEOPOROSIS. Patients with osteoporosis should 

maintain a straight trunk, paying attention to keeping the 
thoracic spine straight and stiff and flexing through the 
hips. If necessary to facilitate hip flexion, the patient 
should simultaneously flex the knees. Patients with os
teoporosis should avoid flexion forces on the thoracic 
spine or at the thoracolumbar junction because of the 
danger of compression fractures. Forward bending 
should be limited to flexion at the hips while maintaining 
extension of the thoracic spine. 

MEN. It is important to distinguish between limita
tion in hip flexion that is secondary to hamstring short
ness or because of impaired motor control of hip 
flexion. For many men it is a matter of muscle control, 
rather than short hamstrings, that limits their hip flexion 
range during forward bending. If the load of the upper 
body is large because of a long trunk or broad muscular 
shoulders, the activity of the hamstrings may be greater 
than necessary. To assess the presence of a control 
problem, have the patient place his hands on a table or 
counter top and use his arms to support his upper body 
and then bend forward as described in the Levell ex
ercise. Very often, with the body weight of the torso sup
ported on his hands, the patient will be able to flex his 
hips at least 80 degrees while his knees remain ex
tended. This supports the belief that the limiting factor 
is control of the trunk and pelvis by the hip extensor 
muscles, not the length of the hamstrings. When the lim
iting factor is one of muscle control, hamstring
stretching exercises will not improve the performance 
of forward bending. 

Teaching the patient to simultaneously flex his 
knees and hips during forward bending is the most ef
fective way to increase hip flexion range and prevent the 
faulty hamstring strategy. Most men should be in
structed in simultaneous hip and knee flexion during for
ward bending. This does not imply that heavy lifting 
should be performed in this manner, but it should be 
used for any activity that requires leaning over (e.g., 
working in the sink, picking up an object from the seat 
of a chair, or looking into the refrigerator). 
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Curled Forward Bending (Spinal and Hip 
Flexion) 
Purposes 

• To increase spine flexibility, particularly in those 
persons who have limited thoracic and lumbar 
flexibility; do not prescribe in the presence of a 
thoracic kyphosis or osteoporosis 

• To increase the hip flexion range and stretch the 
hip extensors 

• To encourage the use of the gluteal muscles and 
minimize the use of the hamstrings during the 
hip extension phase of the return from forward 
bending 

• To encourage the use of the hip extensors during 
the full range of hip extension, particularly during 
the last phase of the motion; this is a common 
deficit in patients who have a postural alignment 
of anterior pelvic tilt 

Correct Performance 
• Patient reaches toward the floor. 
• Patient reaches forward and slowly allows the 

neck, trunk, and hips to flex until the end of a com
fortable range is reached. 

• Patient returns from forward bending. 
• Patient contracts the gluteal muscles and extends 

the hips throughout the range until erect. The patient 
should not initiate the motion by extending the 
spine and allowing the momentum of the trunk to 
complete the motion. 

Lateral Spinal Flexion-Side-Bending Position 
Purposes 

• To increase the extensibility of paraspinal and 
abdominal muscles 

• To avoid repeated movements at a limited number 
of spinal segments, which are typically L4-5 or 
L5-S1 

Correct Performance 
The patient places the hands at the lowest level of the 
rib cage but above the iliac crest and slowly bends to one 
side, primarily by tilting the shoulders rather than 
moving at the waist. The therapist assesses whether this 
method alleviates the patient's symptoms and improves 
the pattern of performance by changing the motion to 
the thoracolumbar area rather than the lumbosacral 
area. The therapist also notes the quality of motion 
through the spinal segments. Very often in patients with 
back pain, the motion is a translation motion at one or 
two segments rather than side flexion involving all ofthe 
lumbar segments. The hand support acts as a mechan
ical block that limits motion at the most flexible segment 
and forces other less flexible segments to move. 

CHAPTER SEVEN 

The patient should be taught to laterally flex, pri
marily in the middle of the thoracic spine. Observation 
indicates that impairments in this motion are another 
reason why patients develop pain when sitting. Usually 
people lean sideways in their chairs or change positions 
by leaning from one side to the other, creating the im
paired translation motion that has been described. This 
exercise can be done with the back against the wall to 
avoid any rotation or extension. If the emphasis is to be 
directed toward stretching the abdominal and latissimus 
dorsi muscles, then the patient should place the arms 
above the head while bending to the side. The motion 
should be pain free. 

Single-Leg Standing (Unilateral Hip 
and Knee Flexion) 
Purposes 

• To improve the performance of the hip abductors 
and lateral rotators 

• To improve the isometric control by the abdomi
nals of pelvic and spinal rotation 

• To decrease compensatory pelvic and lumbar 
rotation 

• To decrease compensatory rotation between the 
femur and tibia 

• To decrease pronation of the foot 

Correct Performance 
• The patient stands with the feet relatively close 

together because the center of gravity must coin
cide with the supporting foot. 

• The patient flexes one hip and knee while standing 
on the other leg. 

• The therapist observes the patient's ability to per
form the movement and maintain the alignment of 
the trunk, pelvis, and stance leg. 

• The patient repeats the exercise on the opposite 
extremity. 

Special Considerations Regarding 
Compensatory Motions 

PELVIC ROTATION. In patients with back pain, when 
the lower lumbar spine has become the site of excessive 
rotation, compensatory motion can be seen in the spine. 
For example, during right hip flexion, the pelvis rotates 
to the right while the lumbar spine rotates to the left. 
This motion should not occur. The pelvis and trunk 
should maintain a constant position in the frontal plane 
during motions of the extremities. 

To correct this error the patient contracts the ab
dominal muscles to prevent trunk rotation. If the move
ment of the pelvis is into anterior tilt on the side of hip 
flexion, then the patient can contract the gluteal and ab
dominal muscles. If the pelvis moves in a posterior tilt 
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on the side of the hip that is flexing, then the patient 
should not contract his gluteal muscles because it will 
result in lateral rotation. The problem is most likely the 
stiffness of the hip extensors on the side of hip flexion. 

HIP ADDUCTION. During single-leg stance, the hip of 
the stance leg adducts because of weakness of the hip 
abductors. The pelvic tilt associated with hip adduc
tion can result in lateral lumbar flexion, another indi
cator that the lumbar spine is the site of compensatory 
motion. 

Another compensation for weakness of the hip ab
ductors is lateral trunk flexion to the side of the stance 

. leg. This type of compensation is considered an indi
cator of more severe weakness than that associated with 
a lateral pelvic tilt (hip adduction). To correct this move
ment fault, the patient tightens the gluteal muscles to 
prevent the pelvis from tilting laterally (hip adduction) 
and to prevent the associated lateral trunk flexion. In 
men, because of their broad shoulders, the lateral trunk 
flexion can be very subtle but must be carefully observed 
because constant repetition of this side bending will lead 
to hip abductor weakness. 

EXCESSIVE HIP MEDIAL ROTATION. When excessive me
dial rotation of the femur occurs on the stance leg, the 
patient tightens the gluteal muscles to improve the con
trol ofthe hip lateral rotators. The excessive hip medial 
rotation should be corrected because it will result in 
compensatory motion at the knee joint (between femur 
and tibia) or at the ankle and foot (pronated foot). In in
dividuals with an immobile subtalar or mid foot, the 
compensatory rotation may occur between the tibia and 
talus rather than at the subtalar joint. 

Genu varum. The combination of excessive hip 
medial rotation and knee hyperextension can cause the 
knee to assume a varum alignment. When performing 
the exercises for these conditions, the patient should 
flex the knee slightly and then tighten the gluteal muscle 
to prevent hip medial rotation. 

Genu valgum. Excessive hip medial rotation 
without knee hyperextension can be a contributing 
factor in this condition. Before attempting to correct the 
valgum, the therapist must examine the patient for the 
presence of anteverted hips or tibial torsion to be sure 
that the valgum is not a structural condition that should 
not be corrected. During the single-leg stance, the pa
tient should shift his or her weight laterally and contract 
the gluteal muscles to externally rotate the femur to the 
neutral position. 

Pronated foot and haUux valgum. Excessive hip 
medial rotation and excessive flexibility of the subtalar 
joint lead to pronation of the foot. The medial rotation 

causes the line of gravity to fall medially along the lon
gitudinal arch, pronating the foot. When the weight line 
falls to the medial aspect of the foot instead of passing 
along the second metatarsal, it passes along the medial 
aspect of the great toe during walking, forcing the great 
toe into valgum. This exercise is important for cor
recting these conditions. During the single-leg stance, 
the patient should maintain the foot in a neutral position 
to increase his or her weight on the lateral border of the 
foot and contract the gluteal muscles to externally ro
tate the femur to the neutral position. 

Limited Range of Hip and Knee Flexion 
With Trunk Erect (Small Squat) 
This exercise is used relatively infrequently because of 
the stress on the patellofemoraljoint. The number of rep
etitions should be kept to a minimum. 

Purposes 
• To improve the performance of the hip lateral 

rotator muscles 
• To encourage correct weight bearing through the 

hip, knee, and foot 

Correct Performance 
• The patient stands with the feet comfortably 

spaced and flexes both knees while standing. 
• The therapist observes each knee relative to each 

foot and instructs the patient to correct alignment 
impairments. 

• When flexing the knees, the patient turns them 
outward by contracting the hip lateral rotators so 
that the path of the knees are in line with the sec
ond toes. 

Special Considerations 
HIP MEDIAL ROTATION, PRONATED FOOT, AND HALLUX 

VALGUS. Excessive hip medial rotation is often a con
tributing factor to development of a pronated foot and 
hallux valgum as described in the prior exercise. This 
exercise must be used carefully because of the stress it 
places on the patellofemoraljoint. The stress arises be
cause the femur is directed forward of the tibia and into 
the patella. An alternative is to practice the movement 
from sitting to standing, preventing hip medial rotation. 
This is done by emphasizing lateral hip rotation by con
tracting the gluteal muscles and the hip lateral rotators. 
This activity is better than the squat because the femur 
is perpendicular to the tibia at initiation, and as the knee 
extends, it rolls on the tibia and is not associated with 
as much anterior shear force. 
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CHAPTER SEVEN 

Supine Exerc1tJetJ 

Hip Flexor Stretch (Hip and Knee Extension 
With Maximal Flexion of Contralateral Hip 
and Knee) 
Purposes 

• To stretch the hip flexors, particularly the ilio
psoas muscle 

• To improve the control of the pelvis and lumbar 
spine by the abdominals 

Correct Performance 
• The patient begins with the hips and knees flexed 

(hook lying). 
• The patient holds one knee to the chest with the 

hands and slides the other leg down the table into 
complete extension. 

• While extending the lower extremity, the patient 
contracts the abdominal muscles by "pulling the 
navel in toward the spine" to maintain the spine in 
a flat position. 

• The movement into hip extension is stopped 
when the patient is no longer able to maintain 
the lumbar spine in a flat position or the femur 
begins to rotate or abduct to attain full hip 
extension. 

• The patient repeats the exercise, alternating legs. 

Special Considerations 
• If the patient has a marked thoracic kyphosis, then 

a pillow should be placed under the upper tho
racic spine and head to accommodate for the cur
vature. Without this the patient will not be able to 
flatten the lumbar spine. 

• If the tensor fascia lata is short, then the patient 
may need to slide the lower extremity into exten
sion with the hip in abduction. As the exercise is 
repeated and the muscle stretches, the patient can 
bring the hip into a more adducted position. 

Control of Pelvis With lower-Extremity 
Motion (Hip and Knee Extension From Hip 
and Knee Flexion) 
Purposes 

• To improve the control of the pelvis by the abdom
inal muscles 

• To use the abdominal muscles to prevent anterior 
pelvic tilt or pelvic rotation 

• To learn to isolate the contraction of the abdomi
nal muscles from that of the hip flexors 

Correct Performance 
• The patient begins with the hips and knees flexed 

(hook lying). 
• The patient slides one lower extremity into exten

sion while contracting the abdominal muscles to 
hold the pelvis in a slight posterior tilt and the 
spine in the flat to neutral position, depending 
upon the patient's alignment impairment. 

• The patient lowers the other leg, setting the foot 
on the supporting surface and trying to minimize 
the participation of the iliopsoas. 

• The patient extends the leg by sliding the foot 
along the supporting surface. 

• The contraction of the abdominals should not 
cause the sternum to become depressed or the 
abdomen to become distended. For maximum par
ticipation of the external obliques, the abdomen 
should remain concave and the therapist and 
patient should be able to palpate the increased 
tension in the muscle (on the lateral side of the 
abdomen, beneath the rib cage and just medial to 
the anterior iliac spine). 

• The patient returns to the starting position by 
sliding one leg at a time back into the flexed 
position. 

Gluteus Maximus Stretch (Hip and Knee 
Flexion From Hip and Knee Extension) 
Purposes 

• To improve the hip flexion range and decrease the 
flexibility of the lumbar spine 

• To improve the extensibility of the gluteus max
imus muscle 

• To decrease the stresses of both flexion and exten
sion on the spine and to move the lower extremi
ties without eliciting symptoms of back or groin 
pain 

Correct Performance 
• The patient starts with one lower extremity in 

extension and the other hip and knee flexed. 
• The patient, using either the hands or a towel sup

porting the thigh, pulls the flexed knee toward the 
chest. 

• The patient stops at the point where the lumbar 
spine begins to flex or when he or she experiences 
symptoms. 

• The patient returns to the position of 90 degrees of 
hip flexion or, if necessary, sets the foot on the 
supporting surface. 
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Special Considerations 
• In some patients, any minimal contraction of the 

hip flexors results in symptoms. The passive exer
cise helps the patient to learn to move the lower 
extremity without bringing on symptoms. 

• The patient may not be able to completely extend 
the lower extremity because of the pull of the hip 
flexors on the pelvis or the spine. 

Gluteus Maximus Stretch (Hip and Knee 
Flexion From Hip and Knee Extension) 
Purposes 

• To improve hip flexion range and decrease the 
flexibility of the lumbar spine 

• To decrease the stresses of both flexion and exten
sion on the spine and be able to move the lower 
extremities without eliciting symptoms of back or 
groin pain 

• To learn to stabilize the lumbar spine with the 
abdominal muscles while controlling rotation of 
the pelvis and the spine 

• To prevent anterior shear forces on the lumbar 
spine 

Correct Performance 
• The patient begins with both hips and knees 

extended. 
• The patient flexes the hip and knee, bringing the 

knee toward the chest, while contracting the 
abdominal muscles to keep the lumbar spine in 
the neutral position. The foot should be slightly 
raised above the supporting surface. 

• The patient monitors any movement of the anteri
or superior spines of his or her pelvis with the 
hands. 

• The patient stops the motion if he or she experi
ences back pain, lumbar extension, or pelvic rota
tion of more than 1/2 inch. 

• The patient reverses the motion to return to the 
starting position. 

Special Considerations 
• If there is rotation of the pelvis (the anterior supe

rior iliac spine [ASIS] moves more than 1/2 inch), 
the patient stabilizes the pelvis with the abdominal 
muscles to stop rotation. This exercise is designed 
to use the abdominal muscles to control rotation 
with the external oblique muscle contracting on 
one side and the internal oblique contracting on 
the other side. 

• If the patient has symptoms when performing the 
hip and knee flexion that are alleviated if the 
pelvis is stabilized, then he or she may need to 

decrease the load on the hip flexor muscles by 
sliding the foot along the table rather than lifting 
and holding it above the supporting surface. This 
exercise can be progressed in difficulty when the 
patient can perform it without symptoms or with
out spinal or pelvic motions. The following pro
gression is suggested: 
1. Unilateral hip and knee flexion from extension 

as described above. The exercise is continued 
by then simultaneously extending the hip and 
knee while holding the foot above the support
ing surface as the lower extremity returns to 
the starting position. 

2. First extending the knee while the hip is flexed, 
and then extending the hip to return to the 
starting position. 

3. Flexing one hip while contracting the abdomi
nal muscles to stabilize the trunk, and then 
continuing trunk stabilization while flexing and 
extending the other hip and knee. 

Hip and Knee Flexion, Sliding Heel From Hip 
and Knee Extension (Heel Slides) 
Purposes 

• To learn to use the abdominal muscles to prevent 
trunk and spine motions while moving the lower 
extremities 

• To initiate abdominal muscle control of pelvic 
tilt and rotation or strengthening of abdominal 
muscles 

Correct Performance 
• While lying on the back with the hips and knees 

extended, the patient slowly slides one heel along 
the table to flex the hip and knee and contracts the 
abdominal muscles to prevent spine and trunk 
motions. 

• If the patient is without symptoms upon comple
tion of the flexion motion, he or she then slides the 
heel along the table to return the leg to the extend
ed position. 

• The patient repeats the exercise, alternating 
extremities. 

Special Considerations 
• If the patient has a thoracic kyphosis, he or she 

will need a pillow under the upper thoracic spine 
and head. 

• If the patient has pain while lying at rest with both 
lower extremities extended, then it is necessary to 
get the back completely flat as he or she attempts 
flexion and extension movements with one 
extremity. 



Corrective Exercioeo: Purpooeo ana specia[ conoioerationo ____________________________________________________________________ ~~ ______ ~ ____ ~----~-----\ a73 

CHAPTER SEVEN 

Lower Abdominal Muscle Exercise Progression 
This exercise is often indicated for patients with low 
back pain because it is designed to improve the per
formance of the external oblique muscles, which are 
important for control of posterior pelvic tilt and com
bined with the contralateral internal oblique, control of 
pelvic rotation. These muscles help to prevent the ac
cessory or compensatory motions of the pelvis and 
spine that occur during movements of the lower ex
tremity. The way the exercise is performed also helps 
to improve the performance of the transversus abdo
minis muscle that stabilizes the lumbar spine. An im
portant consideration is that this exercise also neces
sitates participation of the hip flexors. Because 
contraction ofthe iliopsoas, in particular, creates com
pressive and anterior shear forces on the lumbar spine, 
the exercise must be carefully taught and performed 
and used with caution. Clinical observation has shown 
that more women than men have weak lower abdom
inal muscles. The proportionally larger pelvis and 
lower extremities of women as compared with men 
contributes to this situation. Pregnancy also con
tributes to weakness of the abdominal muscles when 
this is not addressed with postpartum exercises. This 
exercise should not be used if the patient has acute low 
back pain; easier forms of lower abdominal muscle ex
ercise, such as heel slides, should be initiated. The pa
tient should not have symptoms while performing the 
exercise. 

Purposes 
• To improve the performance of the lower abdomi

nal, external oblique, rectus abdominis, and trans
versus abdominis muscles 

• To learn to contract the abdominal muscles to pre
vent motions of the spine during movements of 
the lower extremities 

Correct Performance 
This is a series of nine exercises of progressively in
creasing difficulty. The patient starts in a position of hip 
and knee flexion (hook lying). The patient contracts his 
or her abdominal muscles by pulling his or her navel to
ward the spine and then performs the motions described 
in each level. The patient must maintain the contraction 
of the abdominal muscles avoiding distention of the ab
domen and keeping the back flat. 

1. Level 0.3 (El)-Lift one foot with the other foot on 
the floor. 

2. Level 0.4 (E2)-Hold one knee to the chest, and 
lift the other foot. 

3. Level 0.5-Lightly hold one knee toward the chest, 
and lift the other foot. 

4. Level lA-Flex the hip to greater than 90 degrees, 
and lift the other foot. 

5. Level lB-Flex the hip to 90 degrees, and lift the 
other foot. 

6. Level 2-Flex one hip to 90 degrees, and lift and 
slide the other foot to extend the hip and knee. 

7. Level 3-Flex one hip to 90 degrees, lift the foot, 
and extend the leg without touching the support
ing surface. 

S. Level 4-Slide both feet along the supporting sur
face into extension, and return to flexion. 

9. Level 5-Lift both feet off the supporting surface, 
flex the hips to 90 degrees, extend the knees, and 
lower both lower extremities to the supporting 
surface. 
Once the patient can correctly perform lO repetitions 

at the easiest level, he or she progresses to the next level 
and stops performing the previous exercise. Each exer
cise starts in the supine position, lying on a table or floor 
mat with the hips and knees flexed and the feet on the floor. 
The patient should be able to move the leg without moving 
(arching) the back. The back should be held flat (no curve) 
against the floor during extremity motion. Ifunable to keep 
the back flat, the patient should hold it in a constant posi
tion, without motion, during the exercise. The patient 
should breathe normally during the exercise. He or she 
should exhale when moving the second leg. The patient 
should place the fingertips on each side of the abdomen, 
just above the pelvis and below the rib cage, to monitor 
the contraction of the external oblique muscles. The ab
domen should stay flat and not distend. 

LEVEL 0.3 (El) 
• Lying in the position indicated, the patient con

tracts the abdominal muscles, flattening the 
abdomen and reducing the arch in the lumbar 
spine. To achieve this the patient is instructed to 
"pull the navel in toward the spine." 

• The patient flexes one hip while keeping the knee 
flexed. By having the hip flexed more than 90 
degrees, the weight of the thigh is assisting the 
posterior pelvic tilt and maintaining a flat lumbar 
spine. 

• The patient returns the lower extremity to the 
starting position and repeats the exercise with the 
other lower extremity. 

• The patient is cautioned not to push the nonmov
ing foot into the supporting surface because this 
will substitute hip extension for abdominal muscle 
action. The back must remain flat, and there 
should not be symptoms during performance of 
the exercise. Some patients may be barely able to 
lift the foot before having to immediately return it 
to the starting position. 
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LEVEL 0.4 (E2) 
• Lying in the position indicated, the patient con

tracts the abdominal muscles, flattening the 
abdomen and reducing the arch in the lumbar 
spine. To achieve this, the patient is instructed to 
"pull the navel in toward the spine." 

• The patient flexes one hip and uses the hands to 
hold the knee to the chest. While maintaining the 
contraction of the abdominal muscles, he or she 
flexes the other hip (lifts the foot off the support
ing surface). The patient holds for a count of three 
and then returns the leg to the starting position 
and rests. He or she performs the exercise with 
the other lower extremity. 

• The patient repeats the exercise five to six times if 
the back remains flat and he or she remains symp
tom free. 

• If the patient is able to use just one hand to hold 
the knee to the chest, he or she should use the 
other hand to palpate the abdominal muscles. 

• Some patients may be able to perform this level 
correctly and not level 0.3. If this is the case, they 
should start with this series. 
LEVEL 0.5 

• Lying in the position indicated, the patient con
tracts the abdominal muscles, flattening the 
abdomen and reducing the arch in the lumbar 
spine. To achieve this the patient is instructed to 
"pull the navel in toward the spine." 

• The patient flexes one hip and uses one hand to 
hold the knee to the chest but holds it less firmly 
than in the previous level, requiring more abdomi
nal activity. While maintaining the contraction of 
the abdominal muscles, he or she flexes the other 
hip (lifts the foot off the supporting surface). The 
patient holds for a count of three and then returns 
the leg to the starting position and rests. 
He or she performs the exercise with the other 

lower extremity. 
• The patient should repeat the exercise five to six 

times if the back remains flat and he or she 
remains symptom free. The patient should per
form with the other extremity in the same manner. 

• As a progression, the patient holds the hip in less 
flexion and less firmly as gauged by the effect on 
the back and on the symptoms. 
LEVEL 1A 

• Lying in the position indicated, the patient contracts 
the abdominal muscles, flattening the abdomen and 
reducing the arch in the lumbar spine. To achieve 
this the patient is instructed to "pull the navel in 
toward the spine." Contraction of the abdominals 
should be maintained while moving the lower 

extremity. If the patient is slow in performing the 
exercise, he or she should relax the abdominal mus
cles after lifting the first leg and then contract them 
again before lifting the second leg. 

• The patient flexes one hip to greater than 90 
degrees by lifting the foot from the table. By hav
ing the hip flexed more than 90 degrees, the weight 
of the thigh is assisting the posterior pelvic tilt and 
maintaining a flat lumbar spine. Optimally, the 
flexed extremity will maintain this position with 
minimal contraction of the hip flexor muscles. At 
this point the patient contracts the abdominal 
muscles and flexes the other hip by lifting the foot 
off the table. 

• If the patient's back begins to arch while lifting the 
second leg, he or she lowers the leg, relaxes, and 
tries again. The patient maintains the contraction 
of the abdominal muscles and constant position of 
the spine while lowering the legs, one at a time, to 
the starting position. 

• The exercise is repeated by starting the sequence 
with the opposite leg. 
LEVEL 1A 

• Starting from the position indicated above, the 
patient contracts the abdominal muscles and 
holds the spine constant while flexing one hip to 
90 degrees (vertical position of the thigh with the 
foot lifted from the table). 

• The patient contracts the abdominal muscles and 
lifts the other leg to the same position. While main
taining the contraction of the abdominal muscles, 
the patient lowers the legs one at a time to the 
starting position. 

• If the patient performs the exercise slowly, he or 
she may need to relax the abdominal muscles 
before lowering the legs and then contract them 
again to lower them. 

• The exercise is repeated by starting the sequence 
with the opposite leg. The patient repeats the exer
cise, alternating legs, until he or she can perform it 
correctly 10 times. The patient can then progress 
to Level lB. 
LEVEL lB 

• Starting from the position indicated in Levell, the 
patient contracts the abdominal muscles and flex
es the hip to 90 degrees, lifting the foot from the 
table. 

• While maintaining the contraction of the abdominal 
muscles and a constant back position, the patient 
lifts the other leg up to the same position. Main
taining one leg at 90 degrees, the patient places the 
other heel on the table and slowly slides the heel 
along the table until the hip and knee are extended. 
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• The leg is then returned to the starting position by 
sliding the heel along the table. The patient con
tinues to hold the abdomen flat and back in a con
stant position while repeating the extension 
motion with the other leg and returning it to the 
starting position. 

• The patient repeats the exercise, alternating legs, 
until he or she can perform it correctly 10 times. 
The patient can then progress to Level 2. 
LEVEL 2 

• Starting from the supine position of hip and knee 
flexion described in Levell, the patient contracts 
the abdominal muscles and maintains a constant 
back position. The patient flexes the hip to 90 
degrees, lifting the foot from the table. 

• While maintaining the contraction of the abdomi
nal muscles and a constant back position, the 
patient lifts the other leg up to the same position. 
Maintaining one hip at 90 degrees, the patient 
extends the hip and knee while holding the foot 
off the table until the hip and knee are resting in an 
extended position on the table. 

• The patient returns the leg to the hip and knee 
flexed position. While maintaining the contraction 
of the abdominal muscles and a constant back 
position, the patient extends and lowers the other 
leg and then returns it to the 90-degree position. 
The exercise is repeated, alternating legs. 
Most patients have adequate strength and control 

of their abdominal muscles if they can complete this 
level successfully. Progression to a higher level is not 
necessary for remediation of a pain problem. Further 
increases in the level of difficulty of these exercises 
should be primarily for improved levels of fitness. If in
dicated, this exercise is repeated until the patient can 
perform it correctly 10 times, and then he or she pro
gresses to Level 3. 

LEVEL 3 
• The patient begins the exercise in the supine posi

tion with both legs in extension. 
• The patient contracts the abdominal muscles to 

decrease the lumbar curve and to maintain this 
lumbar position while sliding his or her heels 
along the table, flexing both hips and knees while 
bringing them toward the chest. 

• Once the hips and knees are flexed, the patient 
pauses, reinforces the abdominal contraction, and 
slides both legs back into extension. Maintaining 
the position of the lumbar spine is extremely 
important. 

• The exercise is repeated until the patient can per
form it correctly 10 times before progressing to 
Level 4. 

LEVEL 4 
• The patient begins this exercise in the lower 

extremity extended position described in 
Level 3. 

• The patient begins by contracting the abdominal 
muscles to flatten the lumbar spine and to main
tain the spine motionless while simultaneously 
flexing the hips and knees, lifting both feet off the 
table to bring the hips to 90 degrees. 

• The patient reinforces the contraction of the 
abdominal muscles, extends the knees, and lowers 
the lower extremities to the table. He or she must 
be able to maintain a flat lumbar spine while per
forming this exercise. 

Special Considerations 
• In the presence of an increased lumbar curve or 

excessive lumbar flexibility into extension (exten
sion DSM), the emphasis of the program is main
taining a flat lumbar spine while performing the 
exercises. These exercises are not recommended 
when the patient has symptoms when lying supine 
with the hips and knees in extension. The exercise 
sequence for these patients should begin with the 
heel slide exercise. 

• In the presence of a flat back but with poor control 
by the abdominal muscles, the lumbar spine 
should remain still, but flattening of the lumbar 
spine should not be emphasized. This exercise is 
particularly indicated for patients with a sway
back posture in which the external obliques and 
the iliopsoas are long. 

• Patients can test 100% for upper and lower abdom
inal muscle strength and still have poor control of 
pelvic rotation during unilateral lower extremity 
motion. 

• Often patients who have strong rectus abdominis 
muscles have weak external obliques. This is 
believed to be because the rectus abdominis has 
been the primary muscle producing posterior 
pelvic tilt and its performance becomes more 
optimal than that of the external obliques. 
Because the rectus abdominis muscle cannot con
trol rotation as it runs parallel to the axis of rota
tion, improving the performance of the external 
obliques is important because they participate 
with the internal oblique muscles for the control 
of pelvic rotation. 

• Women should be advised not to push their head 
into the supporting surface. This type of inappro
priate stabilization can occur in women who have 
very weak abdominal muscles or who have a small 
upper body and a large lower body. 
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Trunk-Curl Sit-Up (Upper Abdominal 
Progression) 
Purpose 
To strengthen the upper abdominal muscles (internal 
obliques and rectus abdominis) 

Commentary 
This exercise is seldom prescribed for patients with low 
back pain. The main indication for this exercise is for 
physical fitness. The primary muscle groups partici
pating in this exercise are the internal obliques and rectus 
abdominis for the trunk-curl, with the addition of the hip 
flexors for the sit-up phase and the external oblique mus
cles for posterior pelvic tilt. This exercise is more diffi
cult for men than for women because of the higher center 
of gravity in men than women. This is such a popular ex
ercise many people have been using it as part of their fit
ness program without the proper individual examination 
and guidance for correct performance. 

Physical therapists should be very familiar with all 
of the considerations of correct performance of this ex
ercise to address frequently encountered errors. One 
of the important considerations is the degree of spinal 
flexibility of the patient. If the patient has excessive 
spinal flexibility, he or she will be able to flex the spine 
through a large range of motion before the initiation of 
the hip flexion phase. If the patient's spinal flexibility 
is limited, he or she will only be able to flex through a 
limited range of motion before the initiation of hip 
flexion. As the patient's program is progressed in diffi
culty, the therapist must be sure that the patient flexes 
to the same point in the range before progressing to 
more advanced exercises. 

There are two main factors that can make this ex
ercise unsafe. One factor is the anterior shear stress ex
erted on the lumbar spine produced by contraction of the 
hip flexor muscles, particularly the iliopsoas. That is why 
the abdominal muscles must have enough strength to 
maintain flexion of the spine at the time of the hip flexor 
contraction. If the patient's trunk extends as the hip 
flexion phase is initiated, he or she should perform an 
easier level of the exercise to protect the spine. The other 
factor is excessive lumbar flexion at the end of the sit-up 
phase. When the exercise is performed with the hips and 
knees flexed, the axis of rotation is shifted from the hip 
joints to the lumbar spine. The patient also must contract 
the hip extensors more strongly when the hips and knees 
are flexed than when they are extended. The hip extensor 
contraction is to prevent the feet from coming off the sup
porting surface when the hip flexors are contracting to 
flex the trunk. This is consistent with the shorter lever 
arm created by hip and knee flexion and the decrease in 
passive stabilization of the distal attachments of the hip 

flexor muscles. At the end of the sit-up phase, the hips 
are in approximately 100 to 120 degrees of flexion de
pending on the degree of hip flexion that the patient as
sumes for the starting position. If the sit-up is performed 
with the hips and knees extended, the hips only have to 
flex to 80 degrees at the end of the sit-up motion. 

The safest but not the best way to perform this ex
ercise is to limit the movement to a trunk-curl and have 
the hips and knees flexed. This does not place maximum 
demands on the internal obliques because those de
mands are made when the hip flexors contract, pro
ducing anterior pelvic tilt while the trunk is flexing. At 
this point, the upper abdominal muscles experience the 
greatest demands to maintain flexion of the spine and 
posterior pelvic tilt. 

Correct Performance 
This exercise is a progression of four levels: 

1. Level 1A-Trunk-curl only; spinal flexion; easy 
2. Level lB-Trunk-curl with sit-up; spinal and hip 

flexion; with arms extended; moderate 
3. Level 2-Trunk-curl with sit-up; spinal and hip 

flexion; with arms folded on the chest; difficult 
4. Level 3-Trunk-curl with sit-up; spinal and hip 

flexion; with hands on top of head; most difficult 
With a careful analysis by a physical therapist, the 

following method is preferred: 
• The patient assumes a supine position with hips 

and knees in extension. A small pillow may be 
placed under the knees. To limit the anterior shear 
on the lumbar spine, the spine must become flat 
and remain flat during the trunk curl motion. 

• The patient must curl to the limit of his or her 
spine's flexibility. 

• The patient begins with the level established by 
the physical therapist's testing and proceeds to 
Level 1A when he or she can perform the exercise 
correctly 10 times. 
LEVEL 1A 

• The patient flexes the shoulders to 45 degrees with 
the elbows extended, as . if to reach toward the 
feet. 

• The patient lifts his or her head by bringing the 
chin toward the neck and slowly curling the trunk 
(flexing the spine). The correct movement of the 
head is to reverse the cervical curve by bringing 
the chin toward the neck. 

• The patient must avoid excessive flexion of the 
lower cervical spine and translation motion of the 
vertebrae that can occur if the patient is attempt
ing to bring the chin to the chest. He or she must 
not lead with the face, as if looking upward, 
because that motion is cervical extension. 
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• The patient must flex the thoracic and lumbar 
spines to the limit of their flexibility. He or she stops 
just before the initiation of the hip flexion phase. 
LEVEL 1B 

• The patient flexes the shoulders to 45 degrees with 
the elbows extended, as if to reach toward the 
feet. 

• The patient lifts his or her head by bringing the 
chin toward the neck and slowly curling the trunk 
(flexing the spine). The correct movement of the 
head is to reverse the cervical curve by bringing 
the chin toward the neck. 

• The patient must avoid excessive flexion of the 
lower cervical spine and translation motion of the 
vertebrae that can occur if the patient is attempt
ing to bring the chin to the chest. He or she must 
not lead with the face, as if looking upward, 
because that motion is cervical extension. 

• The patient must flex the thoracic and lumbar 
spines to the limit of their flexibility and maintain 
this position as he or she completes the hip flexion 
motion (sit-up). 
LEVEL 2 

• The patient flexes (folds) the arms across his or 
her chest, flexes the cervical spine by bringing the 
chin toward the neck and slowly curls the trunk as 
he or she comes to a sitting position. The trunk 
curl is maintained throughout the movement. 

• The exercise is repeated correctly 10 times before 
progressing to Level 3. 
LEVEL 3 

• The patient places both hands on top of the head 
and flexes the cervical spine by bringing his or her 
chin toward the neck and slowly curling the trunk 
to the limit of his or her spine's flexibility. The 
patient maintains this position as he or she comes 
to the sitting position. The trunk curl is maintained 
throughout the movement. 

• Care should be taken to be sure that the patient is 
not pushing down on his or her head and com
pressing the cervical spine as he or she curls the 
trunk. 

• The patient should avoid bringing the elbows for
ward (horizontal adduction) during the trunk curl 
because this decreases the effort required. 

Special Considerations 
• Patients with a thoracic kyphosis should not per

form this exercise because it emphasizes maxi
mum thoracic flexion. This exercise is contraindi
cated for patients with osteoporosis because the 
trunk flexion increases their risk of compression 
fractures. 
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• This exercise is contraindicated for patients with 
cervical disease because of the stress on the cer
vical spine. 

• This exercise is contraindicated for conditions in 
which compression of the lumbar vertebrae is 
undesirable, such as low back pain. 

• Patients with spondylolisthesis should not per
form the hip flexion phase. 

• Patients with excessive lumbar flexion should be 
carefully monitored and should do the exercise 
with their hips and knees extended. 

• Patients with very limited spinal flexion should 
not do this exercise because of the exaggerated 
hip flexion phase. (The duration of the hip flex
ion phase exceeds that of the trunk flexion 
phase.) 

Hip Abduction/Lateral Rotation From Hip 
Flexed Flexed Position 
Purposes 

• To learn to move the femur without moving the 
spine or pelvis 

• To improve the control by the abdominal muscles 
in order to prevent pelvic and lumbar rotation 
associated with hip motion 

• To stretch the hip adductor muscles 
• To improve performance of the abdominal muscles, 

specifically isometric control of pelvic rotation 

Correct Performance 
LEVEL 1 

• The patient starts with one hip and knee extended 
and the other hip and knee flexed. He or she 
places the hands on the pelvis (in the region of the 
ASIS) to monitor any motion. The patient is 
instructed to contract the abdominal muscles by 
"pulling the navel in toward the spine." 

• The patient lets the flexed lower extremity move 
slowly into hip lateral rotation/abduction. The 
patient stops when he or she experiences symp
toms or feels the pelvis begin to rotate. If the 
pelvis remains stationary, he or she allows the hip 
to abductJlaterally rotate as far as possible by 
relaxing the adductor muscles. The patient 
adducts and medially rotates the hip, returning to 
the starting position. 

• The patient repeats the exercise, trying to 
increase the hip range while preventing pelvic 
rotation by contracting the abdominal muscles. 
The exercise can be repeated with the same 
extremity before switching to the contralateral 
lower extremity. 
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Special Considerations 
If the patient has minimal abduction without pelvic mo
tion or has pain, it might be necessary to put pillows 
along the outside of the leg to allow the leg to relax 
against a support to prevent pelvic motion or pain. 

LEVEL 2. When the patient is able to perform the full 
range of motion without pain or pelvic rotation, the fol
lowing progression is suggested: 

1. Hip abductionllateral rotation, then extend lrnee. 
The patient contracts the abdominal muscles and 
lets the flexed lower extremity move into abduc
tionllateral rotation. At the end of the range, the 
patient extends the lrnee joint and tries to prevent 
the pelvic rotation forces that are increased by the 
longer lever of the extended lrnee. The patient flex
es the lrnee and returns to the starting position. 

2. Hip abductionllateral rotation, then extend lrnee 
and perform hip flexion/adduction. 
The patient contracts the abdominal muscles and 

lets the flexed lower extremity move into abductionllat
eral rotation. At the end of the range, the patient extends 
the lrnee followed by hip flexion/adduction, returning 
the leg to the midline and flexing the lrnee to return to 
the starting position. The patient repeats the exercise 5 
to 10 times with one extremity, and then the exercise is 
performed with the other lower extremity. 

Straight-leg Raises (Hip Flexion 
With Knee Extended) 
Purposes 

• To strengthen the hip flexor and abdominal muscles 
• To stretch the hamstring muscles 

Correct Performance 
A. Knee extended with hip flexion and return to start

ing position 
1. The patient lies supine on a table or mat with 

both legs extended and in neutral rotation. 
2. The patient contracts his or her abdominal mus

cles to flatten the lumbar spine and flexes one 
hip with the lrnee extended, raising the leg from 
the table. 

3. The patient lowers the leg to the table while 
maintaining contraction of the abdominal mus
cles. The patient should not push down (hip ex
tension) against the table with the nonmoving 
leg because it decreases the demands on the ab
dominal muscles. 

4. The patient should monitor motion of the pelvic 
crests to be sure that rotation does not occur. 

B. Straight-leg lowering (Knee flexed with hip flexion 
and lrnee extended during return to hip extension 
in neutral rotation.) 
1. The patient contracts the abdominal muscles to 

flatten the lumbar spine; flexes the hip and lrnee, 
bringing his lrnee to the chest; and extends the 
lrnee while maintaining hip flexion. The patient 
may use his or her hands to hold the thigh so 
that the hip remains flexed to 90 degrees. 

2. Keeping the lrnee extended and the lumbar 
spine flat, the patient lowers the leg to the 
starting position. 

Special Considerations 
• The patient should not perform this exercise if it 

causes pain. 
• If the iliopsoas is particularly weak, the patient 

should laterally rotate the femur before perform
ing hip flexion. 

• If the tensor fascia lata is weak, the patient should 
medially rotate and abduct the femur before per
forming hip flexion. 

• If the patient has weak abdominal muscles ( < 2/5), 
then he or she should flex one hip and lrnee to 
place the foot on the table. Then, while performing 
the straight-leg raise with the other leg, the patient 
should push the foot into the supporting surface to 
reduce the demands on the abdominal muscles 
and the anterior shear force on the spine associat
ed with the hip flexor contraction. 

Hip Flexor Stretch (Two-Joint) 
Purposes 

• To stretch the hip flexor, tensor fascia lata, rectus 
femoris, and iliopsoas muscles 

• To correct the compensatory anterior pelvic tilt or 
rotation motion of the lumbar spine and the pelvis 
associated with shortness or stiffness of the hip 
flexor muscles 

• To correct the compensatory lateral rotation 
motion of the tibia associated with shortness of 
the tensor fascia lata 

Correct Performance 
• The patient begins by lying close to the end of a 

firm table with both lrnees held to the chest and 
the lumbar spine flat. The position on the table 
should be such that when the thigh is in contact 
with the table, one half of its length should extend 
beyond the table. 

• The patient first uses the hands and holds one 
lrnee to the chest to maintain a flat, nonflexed 
lumbar spine and then lowers the other limp into 
hip extension. Upon completion of the motion, 
with the lumbar spine flat and the thigh in contact 
with the table, the hip should be in 10 degrees of 
extension. The hip flexors should elongate enough 
to permit 10 degrees of extension. 
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• While holding one knee to the chest, the patient 
lowers the other limb into hip extension so that 
the thigh touches the table. The hip should be in 
neutral position, and the tibia should be in neutral 
rotation. 

• If the tensor fascia lata is short, the range into hip 
extension will increase if the hip is abducted. If 
pelvic tilt is associated with the hip extension, 
abducting the hip will alleviate the pelvic tilt or 
delay its onset. If the rectus femoris muscle is 
short, the hip will not be completely extended 
when the hip is abducted and passive extension of 
the knee will increase the range into hip exten
sion. If the hip is still not completely extended, the 
iliopsoas is short. Sometimes laterally rotating the 
hip will increase the hip extension, which further 
supports the belief that the iliopsoas is short. 
The following are modifications that must be made 

in the test when shortness is present in the muscles that 
are listed or the lumbar spine is more flexible than the 
tested muscles are extensible: 

1. Tensor fascia lata shortness and stiffness. The 
patient should allow the hip to abduct as the thigh 
is lowered into hip extension. At the end of the 
range of hip extension or when the thigh is in con
tact with the table, the patient should adduct the 
hip, being sure not to substitute with hip medial 
rotation. The patient should stop if he or she feels 
pain in the area of the knee. The patient should 
keep the pelvis from tilting anteriorly or rotating. 
If the knee is the most flexible segment and there 
is compensatory tibial lateral rotation during the 
adduction motion, then the patient should medial
ly rotate the tibia (turn the foot inward) and main
tain this position while adducting the hip. The 
stretch should be maintained for 20 to 30 seconds. 
The patient then returns the thigh to the abducted 
position and repeats the motion. 

2. Rectus femoris shortness and stiffness. With the 
hip in maximum extension and the knee extended, 
the patient should flex the knee and allow the hip 
to extend. The stretch should be maintained for 20 
to 30 seconds. The patient then returns to the 
starting position by extending the knee and 
repeats the motion. 

3. fliopsoas shortness and stiffness. The patient 
should allow the hip to extend as far as possible. 
While keeping the pelvis and lumbar spine from 
tilting anteriorly or rotating, the patient allows the 
weight of the lower limb to stretch the hip flexor. 
The patient should prevent hip lateral rotation. 
After allowing the hip to stretch for 20 to 30 sec
onds, the patient returns to the starting position 
and repeats the motion. 

Special Considerations 
A. This exercise is not often recommended because 

of the problem with finding a suitable surface for 
performing the exercise. The other exercises that 
stretch the hip flexors are usually sufficient and 
this one is not necessary. If the patient maintains 
an active exercise program that involves the use of 
the hip flexors in a shortened position, this exer
cise may be necessary. In most patients with mus
culoskeletal pain, the primary problem is the lack 
of suitable control of segments that become sites 
of compensatory motion. As explained in other 
sections of this text, the most important require
ment for correction is to increase the stiffness or 
control by muscles that permit the compensatory 
motion. Other exercises that are used to stretch 
the hip flexors and to improve the control of 
abdominal stabilizing muscles are as follows: 
1. Supine 

a. Knee to chest with leg slides 
b. Bilateral hip and knee extension while main

taining a posterior pelvic tilt 
2. Side lying-Hip adduction/extension with lat

eral rotation 
3. Prone 

a. Knee flexion 
b. Hip extension with knee extended and flexed 
c. Hip lateral and medial rotation 

B. The muscle groups that are most frequently short 
are the tensor fascia lata-iliotibial band, anterior 
gluteus medius, and gluteus minimus, which are 
the hip flexor, abductor, medial rotator muscles. 
Relatively few patients have shortness of the iliop
soas muscle as compared with those with short
ness of the tensor fascia lata and its abductor syn
ergists. Because these hip flexors are abductors, 
allowing abduction and reassessing the range into 
hip extension is important to determine which hip 
flexors are short. 

C. In the presence of iliopsoas shortness, some 
patients will laterally rotate the hip to reduce the 
stretch on the iliopsoas. The other muscle that lat
erally rotates the hip is the sartorius, but because 
this muscle flexes the knee, there will be resistance 
to passive knee extension when this muscle is short. 
Shortness of the sartorius is not very common. 

Latissimus Dorsi and Scapulohumeral 
Muscle Stretch (Shoulder Flexion/Elevation 
With Elbow Extended) 
Purposes 

• To stretch the latissimus dorsi 
• To stretch the teres major and the teres minor 
• To increase range of motion of shoulder flexion 
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Correct Performance 
The patient begins in the supine position with the hips 
and the knees flexed, the lumbar spine flat, and arms at 
the side. 

A. Latissimus dorsi 
1. The patient keeps the elbows extended while 

flexing both shoulders. He or she should keep 
the arms close to the ears and maintain shoulder 
lateral rotation (olecranons pointing toward the 
ceiling). The back must remain flat against the 
table. 

2. The patient holds at the end of the range for 5 
to 10 seconds and then returns the arms to his 
or her sides. 

B. Teres major and teres minor 
1. The patient performs as in A, except that once 

the shoulder has flexed to 90 degrees, the pa
tient uses the opposite hand to hold the inferior 
angle of the scapula against the chest wall. This 
will prevent excessive anterior or lateral ex
cursion of the scapula as he or she continues to 
flex the shoulder. The inferior angle of the 
scapula should not abduct more than the mid
axillary border of the thorax or more than 1/2 
inch laterally. 

2. Once maximum shoulder flexion has been 
reached, the patient should hold this position 
for 5 to 10 seconds to let the weight of the arm 
stretch the teres muscles. 

3. The patient repeats the exercise, alternating ex
tremities after 10 repetitions. 

C. Glenohumeral dysfunction. The patient performs 
as above, except that he or she first flexes the 
elbow and then initiates shoulder flexion, allow
ing the elbow to extend after the shoulder flexes 
to 90 degrees. The patient may need to place a pil
low above the shoulder alongside his or her head 
and slide the hand along a pillow during the phase 
of shoulder flexion from 90 degrees to 180 
degrees. 

Special Considerations 
• Patients with a kyphosis may need to place a pil

low under their thoracic spine and head. 
• If the patient has a large thorax and restricted 

scapular motion, the supine position may interfere 
with the scapular rotation. The patient may need 
to actively abduct and upwardly rotate the scapu
la, particularly if he or she notes pinching in the 
area of the acromion. 

Shoulder Abduction 
Purposes 

• To stretch the pectoralis major muscle 
• To strengthen the abdominal muscles 

Correct Performance 
The patient assumes a starting position of flexion of the 
hips and knees with the lumbar spine flat and arms at 
the sides. 

A. Pectoralis major stretch , 
1. The patient maintains elbow extension and 

abducts the shoulders, bringing the arms over
head so that the final position is 120 degrees of 
abduction, with the arms resting on the table. 

2. The patient should hold this position for 5 to 10 
seconds and then lower the arms to the sides, 
trying to keep the scapulae adducted on the 
thorax. 

B. Abdominal muscle strengthening with upper 
extremity motion. 
1. The starting position is 120 degrees of shoulder 

abduction. The patient uses a weight that pro
vides appropriate resistance in his or her hand 
and horizontally adducts the shoulder, moving 
in a direction toward the opposite hip. The mo
tion can cease when the arm is vertical. The pa
tient contracts the abdominal muscles and 
maintains the contraction as he or she lifts and 
lowers the weights. 

2. The patient repeats the exercise with the oppo
site extremity. 

3. The patient can also perform the exercise with 
weights in both hands. 

Special Considerations 
• If the patient has a kyphosis, he or she may need 

to place a pillow under the thorax and will not be 
able to bring the arm back to the table. 

• More often, the sternal portion of the pectoralis 
major is the shorter segment, whereas the clavicu
lar portion is more frequently longer. 

Shoulder Abduction in lateral Rotation With 
Elbows Flexed 
Purposes 

• To improve the performance of the lateral rotator 
and the abductor muscles 

• To stretch the medial rotator muscles, primarily 
the latissimus dorsi and pectoralis major 

• To assist in stretch of the pectoralis minor muscle 

Correct Performance 
• The patient begins the exercise in a position of 

flexion of the hips and knees with the arms at the 
sides. 

• The patient flexes the elbows, externally rotates 
the shoulders, and abducts the shoulders by slid
ing the arms over the head. The patient should 
keep the arms in contact with the table for an 
effective stretch of the medial rotator muscles. 
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Special Considerations 
The patient should not experience pain in the area of the 
acromion. 

Shoulder Rotation 
MEDIAL ROTATION 
Purposes 

• To stretch the lateral rotators of the shoulder 
• To eliminate compensatory anterior tilt of the 

scapula with shoulder rotation 
• To eliminate compensatory anterior glide of the 

humeral head during medial rotation of the 
shoulder 

• To improve performance of the lateral rotator 
muscles of the shoulder 

Correct Performance 
• The patient begins the exercise with the hips and 

lmees flexed to stabilize the thorax or with the 
lower extremities in extension. The shoulder is 
abducted to 90 degrees and is in neutral rotation 
with the elbow flexed to 90 degrees. 

• A folded towel can be placed under the arm, if 
needed, to lift the arm and align the humerus in 
the plane of the scapula. The patient uses the 
opposite hand to hold the shoulder down onto the 
table, preventing anterior motion of the head of 
the humerus or anterior tilt of the scapula as the 
exercise is performed. 

• The patient medially rotates the humerus, allow
ing the forearm to drop toward the table without 
lifting the shoulder girdle from the table. The 
patient stops the movement if pain occurs or if the 
shoulder girdle or the humeral head lifts from the 
table. 

• The arm is returned to the starting position and 
the movement is repeated slowly 6 to 10 times 
until maximum range has been achieved without 
pain or compensatory motions. 

• The exercise is repeated with the other arm. 

Special Considerations 
• If the range of motion is markedly limited and 

resists stretching, a small weight can be used to 
assist the stretch. The weight should be heavy 
enough to exert a rotational effect on the shoul
der but light enough so that the patient does not 
have to actively hold the weight to prevent medi
al rotation. 

• Limited medial rotation range or greater rela
tive flexibility of the scapular or the gleno
humeral motion is quite common. Shortness or 
stiffness of the lateral rotators is believed to be 
a precursor and a contributor to impingement 
pain problems. 
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• After the patient is able to perform the motion cor
rectly, the addition of weights can be used to 
strengthen the lateral rotator muscles. 

LATERAL ROTATION 
Purposes 

• To stretch the shoulder medial rotator muscles 
• To train the humerus to move independently of the 

scapula 
• To improve the performance of the medial rotator 

muscles 

Correct Performance 
• The patient is positioned in the same manner as 

described above for medial rotation. 
• The patient laterally rotates the humerus while 

maintaining a constant position of the scapula and 
not allowing the head of the humerus to move 
anteriorly against the hand. 

• The arm is returned to the starting position, and 
the movement is repeated slowly until maximum 
rotation range has been achieved without pain or 
compensatory motions. The exercise is repeated 6 
to 10 times and then performed with the other 
arm. 

• After correct performance is achieved, the addi
tion of weights can be used to strengthen the 
medial rotators. 

Special Considerations 
• Excessive range of lateral rotation is more com

mon than excessive range of medial rotation. 
When the range is excessive, the anterior glide of 
the humeral head is also excessive. 

• Limited lateral rotation range is not a common 
finding when the shoulder is only flexed or abduct
ed to 90 degrees. 

• If the patient has pain at 90 degrees of abduction, 
the degree of abduction should be decreased. 
Supporting the arm on a towel and positioning the 
shoulder in some degree of horizontal flexion, 
which is usually in the plane of the scapula (30 
degrees in the frontal plane), is another method of 
reducing pain at the glenohumeral joint. 

HORIZONTAL ADDUCTION 
Purpose 
To stretch the scapulohumeral muscles 

Correct Performance 
• The patient begins the exercise in a position of hip 

and lmee flexion recommended to stabilize the tho
rax or with the legs in extension. From the starting 
position of 90 degrees of abduction, the patient 
passively horizontally adducts the shoulder. 
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• When the shoulder is in a position of 90 degrees of 
flexion, the patient should passively adduct the 
humerus (pull across the chest) using the other 
hand by applying pressure at the olecranon. 

• The patient holds the humerus in this position for 
5 to 10 seconds, releases, and then pulls again. 
During the stretch, the scapula must remain in 
contact with the table. The patient should feel a 
pull in the posterior shoulder girdle muscles but 
should stop if pain occurs in the shoulder joint. 

• The exercise is repeated 6 to 10 times and then 
performed with the other arm. 

Special Considerations 
• When the scapulohumeral muscles are short, 

there is often compensatory scapular motion. 
Therefore the scapula needs to be stabilized dur
ing the motion. 

• If anterior joint pain is present, the patient can 
exert a posterior pressure on the olecranon as he 
or she passively adducts the humerus. Ensuring 
that the shoulder flexor muscles are relaxed can 
also help to alleviate symptoms. 

Pectoral is Minor Stretching 
Purposes 

• To stretch the pectoralis minor muscle on the 
anterior chest 

• To decrease anterior tilt of the scapula 
• To improve the mobility of the scapula 

Correct Performance 
The patient begins the exercise with the hips and knees 
in flexion so that the back is flat and the arms are at the 
sides. 
A. Assisted stretch (lying on back) 

1. The patient begins the exercise in a supine po
sition on a finn surface with the arms at the 
sides. The assistant stands at the side of the 
table and places the "heels," or thenar portions 
of the hands, over the coracoid processes of 
both scapulae. (Bilateral stretch usually mini
mizes the rotation of the thorax that can occur 
with unilateral stretching.) Often it is easier for 
the assistant if his or her hands are crossed (e.g., 
so that his or her right hand applies pressure to 
the patient's right shoulder). 

2. Pressure is applied in the direction of the 
muscle fibers, towards but not directly on the 
head of the humerus, pushing the shoulder away 
from the body and down toward the table. The 
pressure is held for 5 to 10 seconds, released, 
and repeated. The patient should be experi
encing a stretching feeling on the chest but not 
pain at the area of direct pressure. 

B. Self-stretch (lying on back) 
1. The patient rolls toward the side to be stretched. 
2. The patient applies pressure to the coracoid 

process to fix the scapula against the floor. 
While maintaining the pressure on the coracoid 
process, the patient rotates the trunk away from 
the shoulder. 

C. Assisted stretch (lying face down) 
1. The patient is lying face down with arms at the 

side. The assistant stands at the side and reaches 
from the top of the shoulder to place his or her 
fingers in the crease on the front of the shoulder. 
The other hand reaches through the axilla to place 
the fingers also on the crease of the shoulder. The 
assistant then lifts up on the shoulder and leans 
back at the same time to stretch the muscle. 

2. The therapist should not pull on the arm. The 
stretch should be felt on the chest and not in the 
shoulder joint. 

Special Considerations 
• The acromial end of the spine of the scapula 

should be able to touch the table with the stretch 
applied by the therapist. 

• If the patient has a thoracic kyphosis, the scapula 
may not reach the table during the stretching. 

Sj~e-L~jntJ Exercjaeo (Lower Extremj9J' 

Hip lateral Rotation 
Purposes 

• To improve the performance of the hip lateral 
rotator muscles (gluteus medius and maximus, 
piriformis, obturator externis and internis, gemel
lus superior and inferior, and quadratus femoris) 

• To learn to differentiate the movement of the hip 
from that of the pelvis 

Correct Performance 
• The patient begins the exercise lying with trunk 

and pelvis perpendicular to the table and the 
pelvis in neutral tilt. The hip and the knee of the 
bottom leg should be flexed. The top leg should be 
in the same alignment, supported on a pillow 
placed between the knees. 

• The patient slowly laterally rotates the hip of the 
top leg, being sure not to allow the pelvis to rotate. 
The patient holds this position for 3 to 5 seconds 
and then returns to the starting position. 

• The patient repeats the exercise 5 to 10 times. The 
motion should only occur in the hip joint. The 
pelvis and trunk should not move. After 5 to 10 
repetitions, the patient rolls onto the other side 
and repeats the exercise with the opposite leg. 
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Special Considerations 
• The most common error is simultaneous pelvic 

rotation with hip rotation. 
• The patient can start with the pelvis rotated for

ward to facilitate the use of the posterior hip lat
eral rotators versus the sartorius, so that the pos
terior muscles will be working against gravity. 

• For the patient who has back pain when lying on 
the side, a folded towel placed at the waist level 
just above the iliac crest will often alleviate the 
pain by eliminating the spinal curvature associat
ed with the side-lying position. 

Hip Abduction With and Without 
lateral Rotation 
LEVEL 1: HIP ABDUCTION WITHOUT 
LATERAL ROTATION 
Purposes 

• To improve the performance of the gluteus medius 
muscles 

• To improve the performance of the lateral abdom
inal muscles. If the primary reason for the exercise 
is to improve the performance of the lateral 
abdominal muscles, the hip lateral rotation is not 
important; if the patient has an anteverted hip, 
then this exercise is more appropriate than the 
one with lateral rotation 

• To enable the patient to learn to perform hip 
motion independent of pelvic motion 

Correct Performance 
• The patient begins with the trunk and pelvis rotat

ed slightly forward, perpendicular to the table, 
with the pelvis in neutral tilt. The hip and the knee 
of the bottom leg should be flexed. The hip and the 
knee of the top leg should be in 45 degrees of flex
ion, supported on a pillow placed between the 
knees. 

• The patient slowly abducts the entire lower 
extremity, lifting it off the pillow without rotating 
the femur or pushing down against the table with 
the lower leg. The patient holds the hip in abduc
tion for 3 to 5 seconds and then slowly returns it 
to the pillow. 

Special Considerations 
• The patient may need a folded towel under the 

side, placed at waist level above the iliac crest to 
align the spine, if he or she has back pain in the 
side-lying position. 

• The patient should not perform a lateral pelvic tilt 
either during the abduction phase or during the 
return phase to the starting position. 

• The degree of hip and knee flexion can be adjust
ed to increase or decrease the length of the lever 
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arm to accommodate to the strength of the 
patient's hip abductors. 

• The hip can be placed in more flexion to alleviate 
pain that the patient may experience when abduct
ing the hip. 

LEVEL 2: HIP ABDUCTION WITH LATERAL 
ROTATION 
Purposes 

• To improve the performance of the gluteus medius 
and hip lateral rotator muscles 

• To learn to move the hip joint without motion of 
the pelvis 

• To improve the performance of the lateral abdom
inal muscles 

Correct Performance 
• The patient begins the exercise in the supine posi

tion with the trunk and pelvis rotated slightly for
ward and perpendicular to the table with the 
pelvis in neutral tilt. The hip and knee of the bot
tom lower extremity should be flexed. The hip and 
knee of the top leg should be in 45 degrees of flex
ion and supported on a pillow placed between the 
knees. 

• The patient laterally rotates and abducts the upper 
leg, lifting it from the pillow, holding the abducted 
position for 3 to 10 seconds and slowly returning 
the leg to the pillow. 

Special Considerations 
• The patient can place his or her hand on the pelvis 

to monitor and ensure that the pelvis does not 
move during the motion. 

• The patient should avoid abducting the lower leg 
(pushing it into the table), which would indicate 
that the contralateral hip abductor muscles are 
providing the stabilization of the pelvis rather than 
the lateral abdominal muscles. 

LEVEL 3: HIP ABDUCTION 
Purposes 

• To strengthen the posterior gluteus medius and 
hip lateral rotator muscles (This exercise can be 
used as a progression of the Level 2 exercise. The 
knee extension increases the length of the lever 
arm and the difficulty of the exercise.) 

• To stretch the iliotibial band by adducting (lower
ing) the leg toward the table 

Correct Performance 
• The patient assumes a position with the trunk and 

the pelvis rotated slightly forward and the pelvis in 
neutral tilt. The hip and knee of the bottom 
extremity should be flexed. The hip and knee of 
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the top lower extremity should be extended and 
resting on the lower leg. 

• The patient laterally rotates the hip and turns the 
entire leg outward so that the knee faces slightly 
upward. He or she then abducts and slightly 
extends the hip. The pelvis and trunk should not 
move, and the patient should not abduct (push 
down) the lower leg. 

• The patient holds the leg up for 3 to 5 seconds and 
then, maintaining the external rotation, slowly 
lowers the leg to the table. The hip should only 
adduct 15 degrees, and the leg may not touch the 
table. 

Special Considerations 
• The therapist should be sure that the patient does 

not have hip antetorsion so that excessive lateral 
rotation is not expected of the patient. 

• If the patient has excessive length of the hip 
abductors, he or she should begin with the upper 
leg supported on a pillow between the knees and 
only lower the leg to the pillow so that the hip 
abductors are not allowed to assume a lengthened 
position. 

• Women are more likely to have excessive length of 
the hip abductors because of their wide pelvis and 
habit of sleeping on the side with the upper hip 
flexed and adducted. This sleeping position should 
be corrected with a pillow between the legs and a 
folded towel under the waist. 

TENSOR FASCIA LATA-(ILIOTIBIAL BAND 
STRETCH) REMOVE THE PARENTHESES 
Purpose 
To stretch lateral structures of the hip 

Correct Performance 
• The patient assumes a position with the trunk and 

pelvis perpendicular to the table and the pelvis in 
neutral tilt. The hip and the knee of the bottom 
lower extremity should be flexed. The hip of the 
top lower extremity should be extended, and the 
knee should be flexed about 20 degrees. In some 
patients the exercise is more effective if the knee 
is flexed to 90 degrees than when it is flexed to 20 
degrees. 

• The patient laterally rotates and slightly abducts 
and extends the hip of the upper leg. While main
taining the hip in lateral rotation and extension, 
the patient allows the top lower extremity to 
adduct toward the table. The patient allows the leg 
to hang unsupported for at least 10 to 15 seconds. 
The pelvis must not laterally tilt, and the hip must 
not flex. 

• The leg is returned to the starting position. 

Special Considerations 
If the patient has knee joint instability, the knee should 
be completely extended when performing this exercise. 

Hip Adduction for Strengthening 
Purposes 

• To strengthen the hip adductor muscles 
• To stretch the iliotibial band 

Correct Performance 
• The patient assumes a position with the trunk and 

pelvis perpendicular to the supporting surface. 
The hip and knee of the bottom lower extremity 
are extended while the hip of the upper leg is 
flexed and laterally rotated. The knee is flexed so 
that the foot can rest on the supporting surface. 

• The patient adducts the lower leg as high as possi
ble without allowing the pelvis to move. The posi
tion of adduction is held for 3 to 5 seconds, and 
then the leg is returned to the starting position to 
repeat the exercise. 

Special Considerations 
Another position for this exercise is to maintain the top 
lower extremity in hip and knee extension. In this posi
tion, the hip abductors of the top leg will also be con
tracting while the patient adducts the lower leg. 

si(je-L~inf3 ExerciiJeiJ (Upper Extremi~' 

Shoulder Flexion, lateral Rotation, 
and Scapular Adduction 
SHOULDER FLEXION 
Purpose 
To strengthen weak shoulder flexors in a gravity
lessened position 

Correct Performance 
• The patient assumes a side-lying position with the 

hips and knees flexed and the trunk perpendicular 
to the supporting surface. Pillows are placed in 
front of the patient's chest so that the patient's arm 
and forearm can rest on the pillows with the 
elbow at shoulder height. 

• The patient rests the upper extremity on the pillows 
with the elbow flexed. The patient flexes the shoul
der by sliding his or her arm over his or her head 
and extending the elbow as the shoulder is flexed. 

• The patient holds this position for 5 to 10 seconds 
before returning to the starting position. 

Special Considerations 
• The patient should also "think about" upwardly 

rotating the scapula during the motion. 
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• The patient should avoid excessive scapular ele
vation during the flexion motion. 

SCAPULAR ADDUCTION (TRAPEZIUS 
MUSCLE EXERCISE) 
Purpose 
To improve the performance of the middle and lower 
trapezius muscles 

Correct Performance 
• In the side-lying position, the patient's hips and 

knees are flexed and the trunk is perpendicular to 
the supporting surface. Pillows are placed in front 
of the patient's chest so that the patient's arm and 
forearm can reston the pillows. The shoulder 
should be flexed about 120 degrees and the elbow 
about 20 degrees. 

• The patient upwardly rotates and adducts the 
scapula. He or she initiates the motion with 
upward rotation. The second phase of the motion 
is scapular adduction. 

Special Considerations 
The most common substitution for scapular adduction 
is depression of the scapula using the latissimus dorsi 
muscle. 

SHOULDER ROTATION 
Purpose 
To provide resistive exercise to the shoulder lateral ro
tator muscles when the patient is unable to abduct the 
shoulder sufficiently (90 degrees) to perform rotation 
exercises comfortably in the prone position 

Correct Performance 
• The patient assumes a side-lying position with the 

hips and knees flexed and the trunk perpendicular 
to the supporting surface. Pillows are placed in 
front of the patient's chest so that the patient's 
forearm can rest on the pillows. 

• The patient's arm is resting on the lateral side of 
the thorax, and the elbow is flexed to 90 degrees 
with the forearm pronated so that the palm faces 
the pillow. The patient laterally rotates the shoul
der by lifting his or her hand off the pillow. 

• At the end of his or her active range, the patient 
maintains the position for 5 to 10 seconds and 
returns the arm to the pillow. 

Special Considerations 
The patient should not move the scapula but should 
move the arm as though there is an axle running through 
the longitudinal axis of the humerus. The tendency is to 
adduct the scapula rather than laterally rotating the 
humerus. 

Scapular Abduction and Upward Rotation 
Purpose 
To improve the motion of the scapulae when performing 
shoulder joint motions 

Correct Performance 
• The patient assumes a side-lying position with the 

hips and knees flexed and the trunk perpendicular 
to the supporting surface. Pillows are placed in 
front of the patient's chest so that the patient's arm 
and forearm can rest on the pillows with the 
elbow at shoulder height. 

• The shoulder is positioned in approximately 100 
degrees of flexion with the elbow flexed about 45 
degrees. The patient emphasizes abducting and 
upwardly rotating the scapula while performing 
shoulder flexion by sliding the arm along the pil
lows. The emphasis should be placed on the 
scapular motion, and minimal emphasis should be 
placed on the completion of glenohumeral flexion. 

Special Considerations 
The therapist ensures that the patient does not abduct 
without upwardly rotating the scapula. The emphasis of 
this exercise is to improve the performance of the ser
ratus anterior muscle. 

Prone Exerci"e" (Lower Extremi~' 

Knee Flexion 
Purposes 

• To stretch the rectus femoris and the tensor fascia 
lata muscles 

• To prevent compensatory motion of the pelvis and 
spine during stretching of the rectus femoris and 
tensor fascia lata muscles 

• To improve the performance of the abdominal 
muscles in providing isometric control of the 
pelvis 

Correct Performance 
• The patient assumes a prone position with the 

hips extended and in neutral abduction/adduction 
and rotation. The knees are extended. The upper 
extremities can be positioned in any comfortable 
position. 

• The patient contracts the abdominal muscles and 
flexes one knee as far as possible while keeping 
the pelvis and thigh stationary. The patient can 
monitor the degree of pelvic motion by either plac
ing the hands on the buttocks or the finger tips 
under the ASIS. 

• If the patient is unable to prevent the pelvic 
motion while contracting the abdominal muscles, 
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he or she should stop the knee flexion at that 
point. Another alternative is to place a pillow 
under the patient's abdomen but not under the hip 
joints. 

• The patient returns the leg to the starting position 
of knee extension and performs the same exercise 
with the other leg. The exercise is repeated, alter
nating legs. 

Special Considerations 
• In patients with shortness or stiffness of the ten

sor fascia lata muscle and iliotibial band, pelvic 
motion can be prevented by placing the limb in 15 
to 20 degrees of hip abduction before starting the 
knee flexion motion. 

• If the tibia laterally rotates during knee flexion, the 
patient can medially rotate the tibia during flexion 
or flex both knees at the same time while keeping 
both knees and ankles together to decrease the 
tibial rotation. 

Hip Rotation 
Purposes 

• To stretch the hip rotator muscles 
• To train the patient to rotate the thigh at the hip 

joint without allowing the pelvis to move 

Correct Performance 
• The patient lies prone with hips and knees extend

ed and hips in neutral rotation, neutral abduction, 
and adduction. A small pillow may be used under 
the patient's waistline (but not hips) if the prone 
position causes an increase in the patient's symp
toms or if excessive lumbar extension is noted. 

• The patient contacts the abdominal muscles and 
flexes one knee. While keeping the pelvis still, the 
patient rotates the hip laterally and then medially. 
If the range is limited, the patient holds the posi
tion for 5 tolO seconds and then returns the leg to 
the midline. The exercise is performed in the same 
manner with the opposite leg. 

• While performing the rotation motion with the hip, 
the patient monitors the pelvis to prevent motion. 
The patient can do this by either placing both 
hands on the buttocks or with the finger tips of 
both hands placed beneath the ASIS. If the patient 
feels motion of the pelvis while rotating the thigh, 
he or she can attempt to control the pelvis by con
tracting the abdominal muscles. 

Special Considerations 
• If lateral rotation of the tibia occurs during hip lat

eral rotation, the patient should rotate the foot 
medially (tibial medial rotation) while performing 
the hip motion. The tibial rotation is caused by 

tightness of the tensor fascia lata-iliotibial band 
(TFL-ITB) and excessive flexibility of the knee 
joint. 

• If the knee is unstable and marked movement of 
the tibia is noted, this exercise may be contraindi
cated because the movement may be a lateral 
glide of the tibia on the femur. 

• If the greater trochanter makes a large excursion 
during hip lateral rotation, the therapist can con
trol it by placing a hand on the thigh below the but
tock and restricting the motion of the greater 
trochanter. This faulty pattern of femoral motion 
is believed to be the hip flexing secondary to the 
shortness of the TFL-ITB. 

• If the patient has hip antetorsion or retrotorsion, 
the therapist may only recommend one direction 
of rotation. 

Hip Extension With Knee Extended 
Purposes 

• To strengthen the gluteus maximus and hamstring 
muscles 

• To train the patient to initiate the motion with the 
gluteus maximus muscle and increase its partici
pation while decreasing the use of the hamstrings 
during hip extension 

• To improve the control of the proximal femur so 
that the greater trochanter maintains a constant 
position and does not move excessively in an ante
rior glide during extension 

• To stretch the iliopsoas muscle 

Correct Performance 
• The patient assumes a prone position with hips 

and knees extended. The hips are in neutral rota
tion and neutral abduction/adduction. A small pil
low may be used under the waistline (but not hips) 
if the prone position increases the patient's symp
toms or if there is excessive lumbar extension. 

• The patient extends and slightly lateral rotates the 
hip while maintaining knee extension. The patient 
should "think about" contracting the gluteus max
imus muscle to initiate the motion. The pelvis 
should remain in contact with the table. The hip 
extension range is only 10 degrees. 

• The patient monitors the position of the pelvis by 
placing both hands on the buttocks or with the fin
gertips of both hands under the ASIS. If pelvic tilt 
or rotation is felt, the patient contracts the abdom
inal muscles before extending the hip to prevent 
pelvic motion. 

• The patient holds the leg in extension for 3 to 5 
seconds and slowly returns the leg to the table and 
performs the exercise with the opposite leg. The 
exercise is repeated, alternating legs. 
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Special Considerations 
• If the patient is in hip extension while standing, 

the therapist should use a pillow under the 
abdomen to allow the hip to be more flexed. The 
patient should not extend the hip more than 10 
degrees. 

• The patient must not substitute lumbar extension 
for hip extension. 

• Contraction of the gluteus maximus muscle 
should occur before or simultaneously with the 
hamstring contraction. 

• If the greater trochanter moves anteriorly during 
hip extension, the patient should laterally rotate 
the hip by contracting the gluteal muscles before 
initiating the extension movement. 

Hip Extension With Knee Flexed 
Purposes 

• To improve the performance of the gluteus max
imus muscle 

• To stretch the hip flexor muscles 

Correct Performance 
• The patient assumes the same starting position 

described for the previous exercise. 
• The patient flexes one knee to approximately 125 

degrees. Ideally the patient should be able to relax 
the hamstrings, and the weight of the leg should 
keep the knee flexed. The patient then slightly lat
erally rotates and extends the hip 10 degrees. The 
patient holds the leg in extension for 5 to 10 sec
onds and then slowly lowers it to the table. He or 
she repeats the exercise with the same leg before 
performing with the other side. 

• The patient should be instructed to prevent pelvic 
motion or hip flexion (pushing into table) with the 
contralateral limb. The patient should monitor 
pelvic motion by placing the finger tips of both 
hands on the ASIS. If pelvic tilt or rotation occurs, 
the patient contracts the abdominal muscles by 
"pulling the navel in toward the spine" before ini
tiating hip extension. 

Special Considerations 
• Because the rectus femoris muscle is maximally 

stretched in this position, the tendency to extend 
the lumbar spine during hip extension is increased 
and thus the patient must be carefully monitored. 

• Patients who have anterior pelvic tilt in standing 
often have difficulty using their gluteus maximus 
muscles at the end of the range and will readily 
substitute with lumbar extension at the last phase 
of the movement. These patients need this exer
cise because they also do not extend the hip suffi
ciently on return from forward bending. 

CHAPTER SEVEN 

• A pillow may be placed under the abdomen, but if 
that is necessary, this level may be too difficult for 
the patient. 

• If the patient has to contract the hamstrings to 
keep the knee flexed, he should use a strap around 
his leg that he can hold with his hand to keep the 
knee passively flexed. 

Hip Abduction 
Purposes 

• To improve the performance of the gluteus medius 
and other hip abductor muscles 

• To train the patient to move the femur at the hip 
joint without moving the pelvis or spine 

Correct Performance 
• The patient assumes a prone position with hips 

and knees extended and hips in neutral abduc
tion/adduction and rotation. 

• The patient abducts the hip by sliding the leg out 
to the side as far as possible without tilting the 
pelvis or moving the spine. The patient holds the 
position for 5 to 10 seconds and then slowly 
returns the leg to the midline position. 

• The patient can monitor the pelvis for movement 
by placing the hands on the buttocks or the finger 
tips on the anterior superior spine. The patient 
repeats the exercise with the other leg and alter
nates legs when continuing the exercise. 

Special Considerations 
• Because this is a gravity-lessened exercise, it can 

be used when the posterior gluteus medius muscle 
is very weak. Because the patient is prone, he or 
she uses the extensor hip abductor more than the 
flexor abductors. 

• This exercise is also good for initiating improved 
use of the hip extensors without the tendency for 
the patient to extend the lumbar spine, which 
occurs with hip extension. 

Isometric Hip lateral Rotation With Hips 
Abducted and Knees Flexed 
Purposes 

• To improve the performance of the hip lateral 
rotator muscles 

• To assist in shortening elongated hip lateral rota
tor muscles 

Correct Performance 
• The patient lies prone with knees flexed and hips 

abducted and laterally rotated so that the medial 
borders of both feet touch. 

• The patient performs isometric hip lateral rotation 
by pushing the feet together for 5 to 10 seconds 
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and then relaxing them. The patient continues to 
push and relax the legs for the desired number of 
repetitions and then returns the legs to the extend
ed position on the table. 

Special Considerations 
It is possible to substitute hip flexion/medial rotation for 
lateral rotation; therefore the therapist should be sure 
to observe a change in contour of the gluteal muscles 
when the patient is performing the isometric contrac
tion. The patient should also be taught to contract the 
gluteal muscles when performing the exercise. 

Isometric Gluteus Maximus Contraction 
Purpose 
To improve the performance of the gluteus maximus 
muscles 

Correct Performance 
Patient lies prone and tightens the buttock muscles. Pa
tient should think about the legs turning outward while 
contracting the buttock muscles, holding for 5 to 10 
seconds. 

Special Considerations 
If the patient has a flat lumbar spine, this exercise should 
be used cautiously to avoid contributing to the lumbar 
flexion. 

Prone Exercii1ei1 (Upper Extremj~' 

Back Extensor Activation (Shoulder Flexion 
to Elicit Back Extensor Muscle Activity) 
Purpose 
To improve the performance of the back extensor 
muscles 

Correct Performance 
The patient lies face down on a table so that his or her 
arm hangs over the edge of the table. The patient flexes 
his shoulder from 90 to 170 degrees. 

Special Considerations 
• The patient should avoid back extension motion. 
• The patient should avoid any rotation of the spine. 
• The shoulder flexion range should not elicit pain 

on the top of the shoulder. 

Shoulder Flexion 
Purposes 

• To improve the movement of the scapula 
• To improve the performance of the serratus ante

rior muscle 

Correct Performance 
• Two pillows are placed lengthwise on the table. 

The patient lies in the prone position on top of the 
pillows with the lower extremities in extension. 
The arms are positioned on the table at the sides 
with the shoulders in extension and the elbows 
flexed so the forearms rest on the table. Towel 
rolls may need to be placed under the shoulders to 
correct positioning of the scapula. 

• The patient flexes one shoulder while extending 
the elbow by sliding the arm up over the head. As 
the patient advances the arm, he or she is trying to 
emphasize the abduction and upward rotation of 
the scapula rather than thinking about lifting the 
weight of the arm. The patient visualizes a string 
running from the elbow to the inferior angle of the 
scapula, pulling the scapula out into abduction as 
the arm advances. The patient should not focus on 
achieving maximum shoulder flexion but should 
concentrate on the movement of the scapula. 

• The patient returns the arm to the starting position 
before repeating the exercise with the opposite 
arm. 

Special Considerations 
• This is a gravity-lessened exercise and should 

be the easiest position for performing scapular 
motion. Because the weight of the thorax is not 
resting on the scapula, the scapula should move 
more easily than if performed in the supine 
position. 

• In this position, the therapist can observe the 
motion of the scapula to ensure that the desired 
movement pattern is occurring. The therapist can 
also assist the scapula if there is resistance to the 
movement from the rhomboid muscles. 

Trapezius Muscle Exercise Progression 
LEVEL 1: HANDS ON HEAD 
Purpose 
To improve the performance of the middle and lower 
trapezius muscles 

Correct Performance 
• The patient begins in the prone position with 

shoulders and elbows flexed and hands on the 
head. Towel rolls are placed under each shoulder 
to correct any anterior tilt of the scapulae. 

• The patient lifts the arms by adducting the scapu
lae. The patient should visualize a diagonal move
ment of the scapulae. The patient should not let 
the shoulders shrug, and he or she should hold the 
position for 5 to 10 seconds and then relax. 
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Special Considerations 
The common movement impainnents are flexing the 
humerus without adducting the scapulae and depressing 
the shoulder girdle with the latissimus dorsi instead of 
depressing the scapulae with the lower trapezius. 

LEVEL 2: SCAPULAR ADDUCTION FROM 
SHOULDER ABDUCTION WITH ELBOW 
FLEXED 
Purpose 
To improve the performance ofthe middle and the lower 
trapezius muscles 

Correct Performance 
• The patient assumes a prone position with the 

arms overhead and the elbows flexed. 
• The patient adducts the scapulae by bringing the 

shoulder blades toward the spine. If the lower 
trapezius muscle action is being emphasized, the 
patient should also be instructed to pull the scapu
la down and towards the spine. The patient should 
lift the arm and hand while contracting the trapez
ius muscle. The hand should remain slightly high
er than the elbow to emphasize lateral rotation. 

Special Considerations 
• The patient should not shrug the shoulder as he or 

she lifts the arm. 
• The scapula should not downwardly rotate, which 

would suggest rhomboid action. 

LEVEL 3: SCAPULAR ADDUCTION FROM 
SHOULDER ABDUCTION WITH ELBOW 
EXTENDED 
Purpose 
To improve the performance of the middle and lower 
trapezius muscles 

Correct Performance 
• The patient lies prone with the shoulders abduct

ed to 120 degrees and the elbows extended with 
the forearms in a neutral position and the thumbs 
pointing upward. 

• The patient adducts the scapulae by bringing the 
shoulder blades back and down toward the spine 
while lifting the arms from the table (1 to 2 inch
es). The patient holds the arms for 5 to 10 seconds 
and then relaxes and lowers them to the table. 

• This exercise can also be performed with one arm 
at a time as well as with both arms simultaneously. 

Special Considerations 
• The patient should not elevate (shrug) the shoulder 

when lifting the arm (upper trapezius substitution). 
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• The hand should stay higher than the arm. 
• There should not be pain in the area of the 

acromion. 
• The patient should not depress the shoulder girdle 

by substituting the latissimus dorsi for the lower 
trapezius. 

Shoulder Rotation 
Purposes 

• To improve the performance of the shoulder 
rotators 

• To train the patient to move the humerus without 
moving the scapula during the appropriate part of 
the range 

LATERAL ROTATION 
Correct Performance 

• The patient begins in the prone position on a bed 
or table with the shoulder abducted to 90 degrees, 
the elbow flexed to 90 degrees, and the forearm 
hanging over the edge of the table. Folded towels 
should be placed under the proximal humerus to 
position the scapula and humerus in correct align
ment. The scapula should not be abducted or tilt
ed anteriorly, and the humerus should be in the 
plane of the scapula. 

• The patient slowly laterally rotates the humerus at 
the glenohumeral joint so that the forearm moves 
toward his or her head. There should not be any 
movement of the scapula when the patient rotates 
the humerus. To assist the patient in isolating 
humeral movement, he or she is instructed to con
centrate on letting the upper arm "turn about a 
fixed axis" rather than letting the scapula and 
humerus move together as a unit. The patient 
holds the motion for 5 to 10 seconds and slowly 
returns the arm to the starting position. 

MEDIAL ROTATION 
Correct Performance 

• The patient assumes the same position as listed in 
the previous exercise. 

• The patient medially rotates the humerus so that 
the forearm moves toward the hip. The patient is 
instructed to do this by letting the humerus "turn 
about a fixed axis" without any movement of the 
scapula. The patient holds the maximum range 
achieved for 5 to 10 seconds and then slowly 
returns the arm to the neutral position. 

Special Considerations 
Often the scapulae will abduct and move toward the 
humerus during lateral rotation because the lateral ro
tator action is not adequately counterbalanced by the 
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scapular adductor muscles. If the patient reduces the 
"effort" during lateral rotation, the scapular movement 
will be diminished. 

END-RANGE MEDIAL ROTATION 
If improving the performance of the subscapularis 
muscle is the focus of the exercise, then the most im
portant part of this exercise is the movement at the end 
of the medial rotation range. 

Correct Performance 
• Pillows can be placed lengthwise under the 

patient so that the forearm and hand can be placed 
on the table when the shoulder is maximally 
medially rotated with the elbow flexed. Then the 
patient extends the elbow slightly while maintain
ing maximum medial rotation. The isometric con
trol of the medial rotators is easier to achieve than 
the concentric activity. 

• The patient can allow the shoulder to laterally 
rotate a few degrees and then medially rotate and 
return to the starting position. The patient repeats 
the exercise as necessary, gradually increasing the 
lateral and medial rotation ranges. 

Quaorupeo ExercltJetJ 

Quadruped Rocking 
Purposes 

• To decrease the compressive forces on the spine 
in patients with low back pain 

• To assist in correcting rotational malalignments 
of the spine (The lack of compressive forces with 
symmetric four-point support provided by the 
quadruped position enables the spine to self
adjust to a more structurally normal alignment. 
When rocking backward, the slight distraction on 
the spine and the associated stretch on the erec
tor spinae muscles assist in correction of the 
alignment. ) 

• To alleviate low back pain 
• To stretch the one-joint hip extensor muscles (glu

teus maximus, piriformis, etc.) and to address any 
differences in the relative stiffness of these mus
cles compared with the back extensor muscles 
and their effect on compensatory pelvic and spinal 
rotation 

• To assist in decreasing compensatory flexibility of 
the lumbar spine associated with hip extensor 
stiffness or shortness 

• To assist in correction of thoracic kyphosis; the 
lack of compressive forces allows the thoracic 
spine to reverse its exaggerated flexion curvature 

• To shorten and improve the performance of the 
thoracic back extensors 

• To stretch the short extensors of the lumbar spine 
• To improve the patient's "sense" of the correct 

alignment of the trunk 
• To improve the performance of the serratus ante

rior muscle 
• To train the patient to perform flexion and exten

sion of the hips without moving the spine 
• To improve the posterior glide of the femur in the 

acetabulum 
• To improve the posterior glide of the humeral head 
• To increase shoulder flexion range of motion 
• To stretch the levator scapulae muscle 

Correct Performance 
• The patient assumes a comfortable position on the 

hands and knees. The head should be level with 
the shoulders, the shoulders should be centered 
over the hands, the spine should be flat, the hip 
joints should be centered over the knees, the hip 
joints should be at 90 degrees, and the ankles 
should be plantar flexed. The knees should be 
comfortably apart and in the same plane. 

• The therapist corrects the patient's alignment 
faults. The patient practices assuming the correct 
pain-free position. 

• If the patient has an extension syndrome or pain 
with contraction of the hip flexors, the patient 
should push back toward his or her heels with the 
hands rather than flex the hips to rock backward 
in order to avoid psoas contraction. 

• The patient assumes the correct position and then 
rocks backward as far as directed. The motion 
should occur in the hip and shoulder joints only, 
not the back. The back should remain straight and 
still. The shoulders should flex as the patient flex
es the hips beyond 100 degrees. The patient should 
stop if he or she experiences pain and return to 
the starting position. 

• The head and neck should not extend when the 
patient rocks backward. If the head and cervical 
spine extend during the rocking backward motion, 
then the patient should pull the chin toward the 
neck and maintain the contraction of the neck 
flexors while rocking backward. The extension is 
the result of levator scapulae shortness. As the 
scapulae are upwardly rotating, the levator is 
being stretched bilaterally, which causes cervical 
and head extension. 

Special Considerations 
• In the presence of asymmetric stiffness of the hip 

extensors, the patient may have to laterally 
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rotate and abduct the hip with the stiff muscles 
so that the pelvis will remain level during the 
rocking backward movement. With repetitions of 
the movement, the stiffness should decrease and 
the hip joint alignment can be repositioned 
appropriately. 

• If the patient has unilateral or bilateral hip ante
torsion and the hips are in the anatomically neu
tral alignment, the hips may not flex sufficiently to 
keep the pelvis level. The patient should medially 
rotate the hip or hips with antetorsion to correct 
the motion. 

• If spinal rotation occurs as the patient begins to 
flex the hips, this can also be the result of asym
metric stiffness of the hips, which is evident in 
either pelvic rotation or lateral tilt. The therapist 
should adjust the patient's hip joint position 
accordingly. Spinal rotation is the result of asym
metric length of the paraspinal muscles. Often 
when the patient rocks backward, the rotation 
increases. The therapist should apply counter 
pressure to the spine as the patient rocks back
ward. Repetition of the rocking backward with the 
counter pressure can correct the asymmetry. The 
therapist should be sure that the counter pressure 
is not causing symptoms. 

• If the patient has a large abdomen or heavY thighs, 
he or she will not be able to rock backward as far 
without compensatory hip and lumbar flexion. 

• If the patient with back pain is markedly obese 
with a very large abdomen, the pendulous abdo
men will likely contribute to anterior shear 
forces in this position and make this exercise 
contraindicated. 

• If the patient has cardiac disease, this position 
may be too stressful for cardiac output and must 
be used with caution. 

• If the patient has knee dysfunction, the range into 
hip and knee flexion can be limited. 

• Hip joint disease with limited hip flexion will con
tribute to compensatory pelvic and lumbar rota
tion. The therapist should limit the excursion to 
avoid excessive flexibility of the lumbar spine. 

ROCKING FORWARD 
This exercise is rarely used because of the undesirable 
stresses associated with end range extension of the 
lumbar spine. 
Purposes 

• To improve lumbar flexibility into extension 
• To improve the performance of the abdominal 

muscles 
• To improve the performance of the hip flexor 

muscles 

CHAPTER SEVEN 

• To improve the performance of the serratus ante
rior muscles 

Correct Performance 
• This movement is rarely used. 
• The patient begins in the quadruped position as 

described previously. The patient rocks backward 
as far as possible and then flexes the shoulders as 
far as possible so that the arms are maximally 
stretched in front of the body. 

• To rock forward, the patient should keep the 
elbows straight and rock forward as far as 
instructed by the therapist. He or she should 
contract the abdominal muscles while rocking 
forward. 

Special Considerations 
• The patient must have good strength and control 

of the abdominal muscles if he or she is going to 
rock all the way forward. Look for even distribu
tion of spinal extension. Avoid extension at one 
or two segments. If the patient's abdominal mus
cles are weak, he or she may have excessive lum
bar extension, particularly at the lumbosacral 
junction. 

• The patient should not rock beyond the point at 
which the scapulae begin to wing. Winging of the 
scapulae indicate that the load imposed by the 
weight of the trunk exceeds the capacity of the 
serratus to maintain the scapulae against the tho
rax. Shortness of the scapulohumeral muscles and 
insufficient counterstabilization by the trapezius 
and rhomboids also contribute to the winging of 
the scapula. 

• When rocking forward, the patient is probably 
using the hip flexor muscles to control the rate 
and degree of hip extension, which may con
tribute to the pain problem. 

Limb Movement in the Quadruped Position 
SHOULDER FLEXION 
Purposes 

• To increase the demands on the abdominal mus
cles to prevent trunk rotation while the arm is in 
motion 

• To improve the performance of the back extensor 
muscles 

• To improve balance control 

Correct Performance 
• The patient assumes the quadruped position as 

described previously. The patient contracts the 
abdominal muscles by pulling his or her navel 
toward the spine to prevent rotation of the trunk 
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while flexing his or her humerus with the elbow 
extended. If the spine starts to rotate immediately 
upon initiating shoulder flexion, then the patient 
may have to limit the arm movement to barely lift
ing his or her hand off the supporting surface by 
flexing the elbow while contracting the abdominal 
muscles. This modification should enable the 
patient to control the associated movement 
impairment. 

• The patient lifts the arm as far towards 170 
degrees of shoulder flexion as possible without 
the occurrence of pain or trunk rotation. This posi
tion is held for 5 to 10 seconds, and then the arm 
is returned to the starting position. 

• The patient repeats the exercise, alternating arms. 

Special Considerations 
• The primary objective is to prevent asymmetric or 

exaggerated trunk rotation. As mentioned previ
ously, the lever that the patient is lifting can be 
adjusted by having the patient flex the elbow rather 
than flex the shoulder to decrease the demands on 
the abdominal muscles and back extensors. The 
instructions are based on the patient's ability to 
control the rotation. 

• The back extensor activity should be bilateral or 
may be slightly greater contralaterally as indicated 
by change in the muscle contour. 

• If the patient flexes the hips more than 90 degrees, 
he or she will decrease the demands on the 
abdominal muscles and back extensors. This is 
another method of adjusting the demands of the 
exercise or can be a way in which the patient is 
unaware that he or she is modifying the exercise 
and decreasing its demands. 

HIP EXTENSION 
Purposes 

• To improve the performance of the abdominal 
muscles and back extensors in controlling trunk 
and pelvic rotation 

• To improve the performance of the hip extensor 
muscles of both the weight-bearing limb and the 
non-weight-bearing limb 

• To improve balance control 

Correct Performance 
HIP EXTENSION WITH KNEE FLEXED. The patient as

sumes the quadruped position as described previously 
with the hips slightly adducted so that during single 
lower limb support there will be less tendency for the 
pelvis to rotate. The patient contracts his abdominal 
muscles by pulling his or her navel toward the spine. The 
patient keeps the knee flexed and extends the hip while 
maintaining a constant position of the pelvis and spine. 

The patient must not extend the spine. The motion must 
be limited to the hip joint. 

HIp AND KNEE EXTENSION. To increase the level of dif
ficulty of the exercise, the patient can extend the knee 
while extending the hip. The patient holds the final po
sition for 5 to 10 seconds before returning to the starting 
position and progressing to the other leg. 

Special Considerations 
As with the other exercises, the purpose ofthis exercise 
is for the patient to be able to maintain a constant posi
tion of the pelvis and spine during extremity movements. 
The therapist must determine the appropriate level of 
difficulty for the patient to achieve this objective. The 
patient must not extend the lumbar spine so that he or 
she will avoid end-range extension. 

HIP AND KNEE EXTENSION WITH SHOULDER 
FLEXION 
Purposes 

• To improve the performance of the abdominal and 
back extensor muscles 

• To improve balance control 

Correct Performance 
• The patient is instructed to initially contract the 

abdominal muscles by "pulling the navel in toward 
the spine" and then flexing one shoulder while 
keeping the elbow extended. The patient then 
extends the contralateral hip and knee while main
taining a constant position of the pelvis and spine. 

• For a more advanced level of performance, the 
patient contracts the abdominal muscles and then 
simultaneously flexes the shoulder and extends 
the hip and knee. 

• The exercise is then performed with the other arm 
and leg. 

Special Considerations 
• The patient should be able to perform single limb 

movements without spinal motion before attempt
ing this exercise. 

• The patient must be carefully instructed not to 
allow pelvic or spinal rotation during the limb 
movement. Most often patients cannot completely 
extend the hip without rotating the pelvis. 

• Many patients perform this exercise incorrectly 
because it is commonly used in exercise classes. 
They must be carefully instructed regarding the 
correct technique. 

Cervical Flexion and Extension 
Purposes 

• To stretch the neck extensor muscles, including 
the levator scapulae 
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• To improve the performance of the neck extensor 
muscles 

• To assist the patient in learning to extend the cer
vical spine correctly and avoid posterior shear 
forces 

• To assist the patient in learning to reverse the cer
vical curve for flexion rather than moving exces
sively at the lower cervical segments 

• To learn to move in the correct segments of the 
cervical spine 

Correct Performance 
The patient assumes the quadruped position as described 
previously. With the cervical spine in the normal cervical 
alignment, the patient is instructed to bring the chin to
ward the neck to reverse the cervical curvature. The pa
tient holds this position for 5 to 10 seconds and then ex
tends the cervical spine by "thinking about rotating his 
head about a rod running through the center of his or her 
head. The therapist is attempting to teach the patient to 
perform a rotational movement in the sagittal plane." The 
axis should be in the middle of the cervical vertebrae. 

Special Considerations 
• In some patients, marked asymmetry may be 

noted between the muscle bulk on the left and 
right sides of the cervical spine. Such asymmetry 
can be associated with swimming strokes per
formed with consistent head turning to one side 
only. 

• In some patients the levator scapulae muscles may 
appear prominent in this position. This is inter
preted as dominance of the levator scapula as a 
neck extensor and insufficient participation by the 
intrinsic neck extensor muscles. 

• Some patients will perform extension with exces
sive movement of the lower cervical segments and 
insufficient participation of the upper segments. 

Cervical Rotation 
Purposes 

• To improve the performance of the cervical rota
tor muscles 

• To train the patient to rotate the head and neck 
correctly, about a fixed axis, rather than the com
bination motions of extension/rotation or lateral 
flexion/rotation 

Correct Performance 
The patient assumes the quadruped position as de
scribed previously. Starting from the neutral position of 
the cervical spine, the patient rotates his or her head to 
one side as far as possible without pain. The patient is 
instructed to "think about rotating about a rod running 
longitudinally through the head and neck" The patient 

is to avoid any type of twisting motion. He or she should 
hold the position for 5 to 10 seconds and then rotate to 
the opposite side. 

Special Considerations 
The patient should not have any pain in the neck in this 
position and should stop the motion at the point that he 
or she experiences pain. The levator scapulae muscles 
should not appear prominent. 

sittintJ Exerci"e" 
Knee Extension and Ankle Dorsiflexion 
Purposes 

• To stretch the hamstrings and the calf muscles 
• To correct muscle length discrepancies between 

the medial and lateral hamstring muscles 
• To train the patient to control compensatory lum

bar flexion and rotation associated with stretch of 
the hamstrings 

• To train the patient to use the anterior tibialis mus
cle and to avoid use of the extensor digitorum 
longus, which can become a dominant dorsiflexor 
of the ankle 

• To stretch the peroneal muscles 
• To train the patient to avoid inappropriate recruit

ment of the tensor fascia lata muscles 
• To train the patient to avoid excessive recruitment 

of the hip flexors to maintain the sitting position 
or during knee extension 

• To train the patient to avoid hip medial rotation 
during knee extension 

• To train the patient to avoid inappropriate co
contraction of the quadriceps and hamstring 
muscles 

• To correct faulty lateral glide of the patella 
• To improve the performance of the quadriceps and 

ankle dorsiflexor muscles 
• To shorten and improve the performance of the 

lumbar back extensor muscles 
• To train the patient to avoid lateral rotation of the 

tibia during knee extension 

Correct Performance 
• The patient assumes a sitting position, preferably 

in a chair with a straight back The hip joint is 
flexed to 90 degrees, the pelvis is vertical, and the 
lumbar spine is flat. 

• The patient slowly extends one knee as far as possi
ble without pain and without posterior tilting or rota
tion of the pelvis or flexion or rotation of the spine. 
If sitting with the back supported, he or she can be 
instructed to extend the upper back against the chair 
(isometric extension) while extending the knee. The 
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patient's hip should be maintained in neutral rota
tion. He or she should not have any contraction of 
the tensor fascia lata or hamstring muscles. When 
the knee is at maximum extension, the patient dorsi
flexes the ankle, pointing the foot toward the knee. 
While dorsiflexing the ankle, the patient should 
avoid leading with the toes or everting the foot. The 
patient holds the position for 5 to 10 seconds and 
returns the leg to the starting position. 

• The exercise is repeated, alternating the legs. 

Special Considerations 
• If the medial hamstrings are stiffer than the lateral 

hamstrings, the patient will medially rotate the hip 
during knee extension. However, when instructed 
to maintain neutral rotation, the patient will be 
able to extend the knee through the full range. If 
the medial hamstrings are short, the knee exten
sion will be limited when the patient maintains 
neutral rotation. 

• If the patient extends the hip during knee exten
sion, which will be evident by the depression of 
the thigh into the seat of the chair, he or she is 
probably co-contracting with the hamstrings. 
Passive extension of the knee will confirm or 
refute this hypothesis. If the patient is co
contracting the hamstrings, he or she should make 
an "easy" effort to extend the knee. A useful verbal 
cue is to ask the patient to think about "using only 
two fibers of the quadriceps" to extend the knee. 
This contraction pattern is often seen in patients 
who have frequently performed resisted knee 
extension exercises. 

• If the patient displays pelvic or lumbar rotation 
during knee extension, abducting the hip before 
beginning the exercise often decreases the com
pensatory rotation. The stiffness or shortness of 
the gluteus maxirnus/iliotibial band is believed to 
be a contributing factor to this pattern. 

• If the patient has patella alta or excessive lateral 
glide, he or she can stretch the shortened struc
tures by assisting the gliding of the patella as the 
knee returns from extension to flexion. 

• The best way of assessing the rotation of the thigh 
is by having the therapist place his or her hands on 
the top of the patient's thigh during knee exten
sion. If the patient medially rotates the hip during 
knee extension, there are two possible contribut
ing factors: (1) shortness or stiffness of the medi
al hamstrings and (2) inappropriate recruitment of 
the tensor fascia lata. The patient will need to 
decrease the active effort of knee extension to 
eliminate the tensor fascia lata contraction. 

• The patient with hammer toes will most likely ini
tiate ankle dorsiflexion with the toe extensor mus-

cles, and he or she should be trained to move at 
the ankle and not at the toes. The patient with a 
pronated foot often everts the foot while dorsi
flexing the ankle. If the patient inverts instead of 
everts, he or she will feel a stretch along the later
al side of the leg because of stretch of the peroneal 
muscles. 

• If the patient has limited ankle dorsiflexion, he or 
she can use a towel under the ball of the foot and 
pull on the towel with the hands to passively dor
siflex the ankle. 

Hip Flexion 
Purposes 

• To improve the performance of the iliopsoas 
muscle 

• To increase the range into hip flexion 
• To improve the isometric control of trunk rotation 

by the abdominal muscles, particularly if there is 
asymmetric strength as seen with scoliosis 

Correct Performance 
• The patient is seated with the hips at 90 degrees, 

the spine and pelvis erect, and the arms resting at 
the sides of the thighs. The patient is instructed to 
passively flex the hip by lifting the thigh toward 
the chest with his or her hands while keeping the 
spine and pelvis motionless. The exercise is per
formed passively to minimize the recruitment of 
the tensor fascia lata, sartorius, and rectus femoris 
muscles. At the end of the range of hip flexion, the 
patient contracts the hip flexors to maintain the 
flexion position and releases the hand support of 
the thigh. He or she tries to maintain the hip in a 
constant position for 5 to 10 seconds. 

• If the patient is able to do this easily, then he or 
she is instructed to push with his or her hand 
against the knee, resisting the contraction of the 
hip flexor muscles for 3 to 5 seconds. The patient 
should be careful to keep the knee close to the 
midline and the thigh in neutral hip rotation. In 
some cases the patient may slightly laterally rotate 
the hip to further isolate the iliopsoas muscle. 

• The patient slowly lowers the leg to the starting 
position and repeats the exercise, alternating the 
legs. 

Special Considerations 
• This exercise is used primarily for patients who 

have hip pain associated with a weak or long iliop
soas muscle. 

• This exercise is much easier to perform if one 
foot is touching the ground rather than when 
the patient is sitting on a table with both feet 
unsupported. 
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• This exercise requires support from the trunk 
muscles and can be used as a corrective exercise 
when there is asyrrunetric strength, as in patients 
with scoliosis. 

• This exercise should be used with caution in 
patients with low back pain because of the com
pressive forces associated with iliopsoas contrac
tion. In the sitting position, the anterior shear 
forces associated with contraction of the iliopsoas 
should be less than in the supine position. 

Stanojno ExerciJeJ 

Shoulder Flexion (Back Against Wall) 
Purposes 

• To provide an orientation for normal alignment of 
the head, shoulders, and spine 

• To decrease thoracic kyphosis or depressed chest 
• To improve the performance of the shoulder flex

or, pectoralis major, anterior deltoid, scapulo
humeral, serratus anterior, and trapezius muscles 

• To improve the control of glenohumeral lateral 
rotation by the teres minor, infraspinatus, and pos
terior deltoid muscles 

• To stretch the latissimus dorsi muscle 
• To improve the performance of the abdominal 

muscles 
• To improve the technique of the return from gleno

humeral joint flexion avoiding anterior tilt or 
abduction of scapula or thoracic flexion 

LEVEL 1: ELBOWS FLEXED 
Correct Performance 

• The patient assumes a position with the back, 
shoulders, and buttocks against the wall. The head 
should be in line with the shoulders. To bring the 
back of the head against the wall, the patient 
should avoid cervical extension, bring the chin 
toward the neck, and think about lifting the chest 
to bring the head and shoulders back to the wall. 
The feet should be apart with the heels about 3 
inches away from the wall. The arms are at the 
sides with the cubital fossae facing anteriorly and 
the palms of the hands facing the sides of the 
body. 

• The patient flexes the elbows, maintaining neutral 
rotation of the shoulder joint, and flexes the shoul
ders. Mter reaching 90 degrees of shoulder 
flexion, the patient extends the elbows while com
pleting the motion of shoulder flexion as far as 
possible without pain. The patient should not 
shrug the shoulders (unless specifically instructed 
to do so) while flexing them, and he or she should 
try to keep the olecranon pointing anteriorly, 

which emphasizes lateral rotation. The patient 
should not allow the low back to extend. The 
patient can contract the abdominal muscles 
before he or she begins the motion to prevent the 
extension, or he or she can contract them upon 
completion of maximum shoulder flexion. 

• The patient should hold the final position for 5 to 
10 seconds and then reverse the movement pat
tern to return to the starting position. The patient 
should be careful to not allow the scapulae to tilt 
anteriorly or to flex the thorax, but he or she 
should try to move primarily in the glenohumeral 
joint. 

Special Considerations 
• Because the elbow flexed position decreases the 

length of the lever that is being moved, this exer
cise is preferred if the patient has excessive supe
rior glide of the humerus or inadequate upward 
rotation of the scapula. 

• The patient should stop the motion if he or she 
feels pain in the area of the acromion. Women 50 
years of age and older are especially susceptible to 
developing impingement pain with this exercise, 
particularly if they have large breasts, dropped 
shoulders, and deep indentations on their shoul
ders from bra straps. The patient can continue to 
perform the exercise but will need to stop the 
motion at the onset of pain. The patient should do 
repetitions of the exercises facing the wall which 
is more effective in depressing the humeral head 
during flexion. 

• If the patient has a marked thoracic kyphosis, he 
or she will not be able to place the back of the 
head against the wall or be able to touch the wall 
with his or her arms at the completion of shoulder 
flexion. This patient should be advised that this is 
not the goal of the exercise in his or her case. 

• If the patient has shoulder pain and a depressed 
chest or a thoracic kyphosis, the patient should 
attempt to reach the maximum pain-free range of 
shoulder flexion even though there is associated 
trunk motion. At the completion of the motion, the 
patient should contract the abdominal muscles to 
decrease the compensatory lumbar extension. The 
action of the external oblique abdominal muscles 
should be emphasized so that the patient is 
attempting to flatten the abdomen by narrowing 
his infrasternal angle and not allowing flexion of 
the thoracic spine and associated depression of 
the chest. 

• This exercise is also helpful in training the patient 
to avoid excessive superior glide of the humerus 
during flexion because a limited portion of the del
toid is participating. In contrast, when the patient 
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performs abduction the entire deltoid muscle is 
participating, therefore markedly increasing the 
superior glide forces acting on the humerus. 

LEVEL 2: ELBOWS EXTENDED 
Correct Performance 
Starting from the position described in Levell, the pa
tient flexes the shoulders while maintaining elbow ex
tension. While attempting to achieve the maximum pain
free range of flexion, the patient keeps the eyes level, 
avoiding cervical extension or tilting the head backward. 
The patient maintains this position for 5 tolO seconds 
while contracting the abdominal muscles and tries to 
flatten the back against the wall. The patient extends the 
shoulders slowly, lowering the arms to the sides, being 
careful to keep the shoulders against the wall. 

Special Considerations 
This exercise is a progression of the Levell exercise be
cause the extended elbow position increases the length 
of the lever that is being moved and increases the de
mands on the shoulder girdle muscles. The patient 
should be able to perform the previous level in an op
timal manner before progressing to this exercise. 

Shoulder Abduction (Back Against Wall) 
Purposes 

• To provide an orientation for normal alignment of 
the head, shoulders, and spine 

• To decrease a thoracic kyphosis or depressed 
chest 

• To lengthen the pectoralis major muscle 
• To improve the performance of the trapezius 

muscle 
• To train the patient to move the humerus without 

associated movement of the scapula and thorax 
during the return to neutral from shoulder flexion! 
abduction 

Correct Performance 
• The patient assumes a position with the back, 

head, shoulders, and buttocks against the wall. 
The feet should be apart with the heels about 3 
inches from the wall. The arms are at the side with 
the cubital fossae facing anteriorly and the palms 
of the hands facing the sides of the body. 

• The patient flexes the elbows and then flexes and 
abducts the shoulders (diagonal movement) to 90 
degrees of abduction with the elbows flexed. The 
scapulae and arms should be in contact with the 
wall. The patient slowly extends the elbows and 
elevates the shoulder by sliding the arms over his 
or her head. The patient keeps the arms in contact 

with the wall while achieving the maximum range 
of elevation. The patient holds this position for 5 
to lO seconds while contracting the abdominal 
muscles, pulling the abdomen up and in so that the 
back flattens against the wall. The patient reverses 
the movement to return to the starting position of 
the arms at the sides. 

Special Considerations 
• If the patient has a thoracic kyphosis, he or she 

will not be able to get the arms back to the wall 
and should be advised not to extend the back to 
attempt to do so. 

• If the patient has shortness of the pectoralis major 
or minor muscles, he or she may need to practice 
the movement of assuming the correct starting 
position of 90 degrees of abduction with the 
elbows flexed. The patient should try to have his 
or her shoulders stretch as broad as possible. Until 
this position can be assumed easily, the patient 
should not attempt to increase the degrees of 
abduction. 

• If the patient experiences pain in the shoulder 
joint while attempting to achieve the position of 90 
degrees of abduction, he or she can actively 
adduct the scapulae while moving the arms, which 
often alleviates this problem because it alleviates 
the impingement of the humerus on the posterior 
aspect of the glenoid. 

• The therapist should monitor the patient's gleno
humeral joint to ensure that the humerus does 
not glide superiorly during the motion. If the 
humerus fails to maintain a constant axis of rota
tion, the therapist should suspect over-pull by the 
deltoid or shortness of the scapulohumeral cap
sular muscles. 

Shoulder Flexion (Other Than Back 
Against Wall) 
Three methods are described that address different per
formance problems and in some situations are part of a 
progression to improve range of motion or control of 
scapular and glenohumeral motions. 
Purposes 

• To increase the range of shoulder flexion 
• To improve the performance of the serratus ante

rior muscle 
• To improve the performance of the shoulder flex

or muscles 
• To reduce compensatory elevation of the shoulder 

girdle during shoulder flexion 
• To encourage depression of the head of the 

humerus during shoulder flexion 
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FACING WALL 
This method is best suited for improving the mobility of 
the glenohumeral joint when the patient has restricted 
range of motion or excessive humeral superior glide. An
other indication is marked weakness of the shoulder 
flexor muscles, such as with rotator cuff tears. 

Correct Performance 
• The patient stands close to the wall with the feet 

comfortably apart. The shoulders are in a neutral 
position and the elbows are flexed with the ulnar 
side of the forearms and hands against the wall. 

• With the ulnar border of his hands against the 
wall, the patient flexes the shoulders by sliding the 
hands along the wall. The patient should exert 
some pressure against the wall with the hands to 
create a force of depression and posterior glide at 
the humeral heads. The humerus should not medi
ally rotate during the flexion motion. The patient 
should stop the motion when he or she experi
ences pain in the region of the acromion. The exer
cise is performed with one arm in the presence of 
a primary glenohumeral dysfunction and bilateral
ly if scapular dysfunction is the primary problem. 
The final position should be held for 5 to 10 sec
onds before reversing the movement to return to 
the starting position. 

Special Considerations 
• If the patient has pain during active shoulder flex

ion, then he or she can use the contralateral hand 
to passively flex the shoulder while leaning into 
the wall, putting pressure against the hand of the 
painful shoulder to depress and posteriorly glide 
the humeral head. 

• If the humerus medially rotates during flexion, the 
patient can use the contralateral hand at the later
al aspect of the olecranon to direct the elbow 
medially to maintain humeral lateral rotation and 
to prevent abduction. 

• If the patient has marked weakness of the rotator 
cuff muscles, then he or she can use the contralat
eral hand to assist the shoulder flexion motion. If 
the complete range can be achieved, the patient 
can then lift the hand away from the wall, hold the 
arm in the vertical position, and lower the arm by 
sliding it back down the wall. This procedure uses 
the mechanical advantage of not having to lift the 
weight of the arm, because the vertical position 
reduces the weight of the extremity, and using 
eccentric contraction, which requires less devel
opment of active muscle tension to control the 
extremity. 

• To emphasize the performance of the serratus 
anterior muscle, the patient should be instruct
ed in how to "think about" abducting and 
upwardly rotating the scapula as the shoulder is 
flexed. The patient should not be concerned as 
much with the range of shoulder flexion as with 
the motion of the scapula. The therapist can 
assist the scapular motion passively, which also 
provides an indication of the resistance to 
scapular upward rotation from muscles such as 
the rhomboids. 

STANDING IN DOORWAY 
This method is used to increase the range of shoulder 
flexion motion. 

Correct Performance 
The patient stands in a doorway so that his or her 
body is slightly forward of the doorway and the elbow 
is in full flexion with the forearm and hand resting 
against the door frame. The patient flexes the 
shoulder by sliding the ulnar side of the forearm up 
the door frame. The patient should push his or her 
hand into the door frame while sliding the hand up 
the door frame into full shoulder flexion and elbow 
extension. The position of the body forward of the 
shoulder and the resistance of the surface assists the 
patient in depressing and posteriorly gliding the 
humeral head and thus achieving the full range of 
shoulder flexion. 

Special Considerations 
• If necessary, the patient can assist with the con

tralateral hand. 
• The patient should not shrug the shoulder unless 

he or she has a depressed shoulder and the thera
pist is attempting to improve the performance of 
the upper trapezius muscle. 

SIDE OF BODY AGAINST WALL 
This method is used to assist the patient in maintaining 
or regaining range of motion through lateral rotation 
range of motion that has been compromised by rotator 
cuff dysfunction or capsular restriction. 

Correct Performance 
The patient stands with one side ofthe body close to the 
wall and has the shoulder in lateral rotation with the 
elbow fully flexed and the dorsal aspect of the forearm 
and hand against the wall. The patient slides the arm up 
the wall into flexion with elbow extension. This posi
tioning assists the patient in maintaining shoulder lat
eral rotation throughout the movement. 
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Special Considerations 
The degree of lateral rotation range that is imposed on 
the shoulder can be gauged by the distance that the pa
tient stands away from the wall. 

Shoulder Abduction (Facing Wall 
and Trapezius Exercises) 
Purposes 

• To improve the performance of the upper trapez
ius muscle 

• To improve the performance of the lower trapez
ius muscle 

• To increase the range of scapular upward rotation 
• To improve the control of humeral lateral rotation 

Correct Performance 
• Trapezius. The patient stands close to and facing 

the wall. The elbows should be flexed with the 
arms at the side of the body rather than in front of 
the body. The position requires lateral rotation of 
the humerus and adduction of the scapulae. The 
ulnar side of the forearm and hand should be 
against the wall. 

• Upper trapezius. The patient is instructed to 
abduct the shoulders by sliding the forearms and 
hands up the wall. The motion follows the path 
of a diagonal. When the shoulders are abducted 
to 90 degrees, the patient should shrug his or 
her shoulders (bring the acromions toward the 
ears) while continuing the abduction/elevation 
motion. The shrugging motion is used to elicit 
activity of the upper trapezius. At the completion 
of the abduction motion, the patient should lift 
the hands off the wall by adducting the scapulae. 
The patient should hold this position for 5 to 10 
seconds. 

• Lower trapezius. The patient is instructed to 
abduct the shoulders by sliding the forearms and 
hands up the wall until he or she reaches a diago
nally overhead position. The patient then lifts the 
hands off the wall by adducting and depressing the 
scapulae. He or she should hold this position for 5 
to 10 seconds and then reverse the motion to 
return to the starting position. The patient can also 
return the hands to the wall while maintaining the 
abducted/elevated shoulder position and then 
repeat the scapular motion of adduction and 
depression. 

Special Considerations 
• The therapist should ensure that the patient is 

adducting the scapula and not just moving at the 
glenohumeral joint or depressing the shoulder gir
dle with the latissimus dorsi muscle. 

• The patient can also be instructed to adduct the 
scapulae without the depression component if the 
shoulders are not posturally elevated. 

waCking ExercitJetJ 

Control of Hip and Knee Medial Rotation 
LIMITING PELVIC ROTATION 
Purposes 

• To prevent excessive rotation of the pelvis and 
lumbar spine 

• To improve control by the abdominal muscles of 
the rotation of the pelvis and spine 

Correct Performance 
• The patient begins with an erect standing posture, 

looking straight ahead with the feet pointing 
slightly outward. 

• The patient is instructed to contract the abdomi
nal muscles by "pulling the navel in toward the 
spine." The patient may also place the hands on 
the iliac crests to monitor the movements of the 
pelvis. The patient then practices walking while 
trying to prevent pelvic rotation. Often it is neces
sary for the patient to take smaller steps, particu
larly if the hip flexors are short and the abdominal 
muscles are weak. 

Special Considerations 
The patient should not perform bilateral contraction of 
the gluteal muscles to posteriorly tilt the pelvis because 
this limits the ability to flex the hip. 

LIMITING HIP MEDIAL ROTATION 
Purposes 

• To prevent excessive hip medial rotation during 
the stance phase of gait 

• To prevent excessive medial rotation at the knee 
during stance phase of gait 

• To prevent excessive ankle pronation associated 
with excessive hip medial rotation 

Correct Performance 
• The patient begins with an erect standing posture, 

looking straight ahead with the feet pointing 
slightly outward. 

• At heel strike of the affected extremity, the patient 
is instructed to contract the gluteal muscle to pre
vent excessive hip medial rotation. 

Special Considerations 
The patient should not hyperextend the knee at heel 
strike, but he or she should allow the normal knee 
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flexion to occur. As the body moves over the foot, the 
knee should extend. 

limiting Hip Adduction 
Purposes 

• To prevent excessive hip adduction during the 
stance phase of gait 

• To prevent lateral trunk flexion associated with a 
weak gluteus medius muscle 

• To improve the performance of the gluteus medius 
muscle 

Correct Performance 
• The patient begins with an erect standing posture, 

looking straight · ahead with the feet pointing 
slightly outward. 

• At heel strike the patient contracts the gluteal 
muscles, avoiding lateral trunk flexion to the same 
side, and maintains the contraction throughout 
the entire stance phase. 

Special Considerations 
• Lateral trunk flexion to the stance side is consid

ered a sign of greater weakness of the gluteus 
medius muscle than hip adduction (drop). In this 
case, the patient may need a cane. 

• The broader shoulders of men make it possible 
to have only a slight amount of lateral trunk flex
ion that alleviates the load on the hip abductors. 
This must be carefully observed by the physical 
therapist. 

Preventing Knee Hyperextension 
Purposes 

• To prevent hyperextension of the knee in order to 
reduce the strain on the posterior knee joint 

• To reduce the stress at the hip joint associated 
with the knee hyperextension 

• To improve the performance of the quadriceps 
muscles 

Correct Performance 
• The patient begins with an erect standing posture, 

looking straight ahead with the feet pointing 
slightly outward. 

• At heel strike the patient is instructed not to let the 
knee hyperextend. As the patient brings the body 
forward into midstance, he or she pushes the ball 
of the foot into the floor to increase the use of the 
plantar flexor muscles. 

Special Considerations 
The plantar flexor muscles assist in controlling the ad
vance of the tibia during heel strike to midstance. Often 

CHAPTER SEVEN 

the use of the plantar flexor muscles aids the control at 
the knee and helps to prevent the hyperextension at the 
knee. The timing is important because if the patient con
tracts his plantar flexor muscles too early, it will con
tribute to the hyperextension. 

limiting Knee Rotation 
Purpose 
To teach the patient to be aware of and to control the 
position of the knee when his or her weight is shifted 
onto the stance leg 

Correct Performance 
• The patient begins with an erect standing posture, 

looking straight ahead with the feet pointing 
slightly outward. 

• The patient steps forward with the foot slightly 
turned outward. As the patient sets the heel down, 
he or she contracts the gluteal muscles to prevent 
medial rotation or hyperextension of the knee. As 
the patient shifts his or her weight forward and 
rolls over the foot, he or she needs to press the ball 
of the foot into the floor. The knee should be in 
slight flexion at heel contact and pointing straight 
ahead as the shift occurs. The knee then extends as 
the body moves forward over the foot and the gait 
progresses from heel contact to foot flat. 

Special Considerations 
• Some medial rotation of the hip and knee is nor

mal. Excessive rotation is important to identify. 
• The therapist should differentiate between medial 

rotation of the entire lower extremity when the 
femur and tibia maintain a relatively constant rela
tionship and when the femur is rotating excessive
ly with respect to the tibia. 

• Hip antetorsion contributes to the appearance of 
excessive hip medial rotation. This is a structural 
factor and should not be considered a dysfunc
tional position. 

Ankle Plantar Flexion 
Purposes 

• To correct the lack of participation of the plantar 
flexor muscles during the heel strike to the foot 
flat phase of gait 

• To correct the lack of participation of the plantar 
flexor muscles during the foot flat to toe off phase 
of gait 

Correct Performance 
• The patient begins with an erect standing posture, 

looking straight ahead with the feet pointing 
slightly outward. 
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• At heel strike the patient thinks about pushing 
back on the floor to control the advance of the 
knee. From foot flat to toe off the patient contracts 
the plantar flexors to push the ball of the foot into 
the floor and lifts the heel. 

Special Considerations 
• Patients with knee pain often can be helped by 

increasing plantar flexor activity from heel strike 
to foot flat. 

• Patients who look like they have a shuffling gait 
often will benefit from instruction in increasing 
their push-off. 

• Patients with Achilles tendonitis also often need 
instruction in correct push-off. If the forefoot flex
ors are particularly strong and calf muscles test 
weak, the patient should be instructed to "lift the 
heels" and not to "go up on the toes." 



Forward Bending: Hip Flexion With Flat 403 Level 1B: Hip flexed to 90 degrees and lift 411 
Lumbar Spine the alternate foot 
Levell: With hand support 403 Lower Abdominal Progression-Hip 411 
Level 2: Without hand support 403 and Knee Extension 

Forward Bending With Spinal and Hip 404 Lower Abdominal Progression-Hip 412 
Flexion and Knee Extension 

Lateral Spinal Flexion-Side-Bending 404 Level 2: One hip flexed to 90 degrees, the 413 
Position alternate foot lifted and slid to extend 

Single-Leg Stance: Unilateral Hip 405 the hip and knee 
and Knee Flexion Level 3: One hip flexed to 90 degrees, foot 413 

Hip and Knee Extension With Contralateral 406 lifted and then extend without 
Hip and Knee Maximally Flexed the leg touching the supporting 

Hip and Knee Extension From Hip 407 surface 
and Knee Flexion Lower Abdominal Progression: Bilateral 413 

Hip and Knee Flexion From Passive 408 Hip and Knee Flexion 
and Active Hip and Knee Extension Level 4: Slide both feet along the supporting 413 

Hip and Knee Flexion With Sliding Heel 409 surface into extension and return to flexion 
From Hip and Knee Extension Level 5: Lift both feet off the supporting 413 

Lower Abdominal Progression-Unilateral 409 surface; with hips flexed to 90 degrees, 
Hip Flexion extend the knees and lower both lower 
Level 0.3: Lift one foot with alternate foot 409 extremities to the supporting surface 

on floor Upper Abdominal Progression: 414 
Lower Abdominal Progression-Hip and 410 Trunk Curl-Sit Up 

Knee Held to Chest During Hip Flexion Level 1A: Trunk curl: spinal flexion (easiest) 414 
Level 0.4: Hold knee to chest and lift the 410 Level1B: Trunk curl-sit up: spinal and hip 414 

alternate foot flexion (least difficult) 
Level 0.5: Lightly hold one knee toward chest 410 Level 2: Trunk curl-sit up: spinal and hip 414 

and lift the alternate foot flexion (difficult) 
Lower Abdominal Progression-Hip and 411 Level 3: Trunk curl-sit up: spinal and hip 414 

Knee Flexion With Alternate Foot flexion (most difficult) 
Unsupported Hip Abduction-Lateral Rotation From 415 
Level 1A: Hip flexed to greater than 411 Flexion Position: Bent Knee Fallouts 

90 degrees and the alternate foot lifted Levell 415 
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Hip Abduction-Lateral Rotation From 416 Isometric Gluteus Maximus Contraction 433 
Flexion Position: Knee Extended Shoulder Flexion to Elicit Back Extensor 434 
Level 2 (difficult) 416 Muscle Activity-Face-~g Position 

Straight-Leg Raises: Hip Flexion With Knee 417 Shoulder Flexion-Face-Lying Position 434 
Extended Trapezius Muscle Exercise Progression- 435 

1\vo-Joint Hip Flexor Stretch 418 Face-Lying Position 
Shoulder Flexion-Elevation With Elbow 419 Levell 435 

Extended and Latissimus Dorsi Muscle Level 2 435 
Stretch Level 3 435 

Shoulder Flexion/Abduction 420 Shoulder Rotation-Face-~g Position 436 
Shoulder Flexion-Elevation With Elbow 420 Lateral Rotation 436 

Flexed Medial Rotation 436 
Shoulder Abduction-Gravity Lessened 421 End-Range Medial Rotation 436 
Shoulder Rotation-Supine Horizontal 422 Rocking-Quadruped Position 437 

Adduction (Flexion) Limb Movement-Quadruped Position 438 
Medial rotation-stretch of lateral rotator 422 Shoulder flexion 438 

muscles Hip extension with knee flexion 438 
Lateral rotation-stretch of medial rotator 422 Hip and knee extension 438 

muscles Hip/knee extension with shoulder flexion 438 
Horizontal adduction 422 Head and Cervical Flexion and Extension- 439 

Pectoralis Minor Stretch 423 Quadruped Position 
Assisted stretch-lying on back 423 Cervical rotation 439 
Self stretch-lying on back 423 Knee Extension and Dorsiflexion-Sitting 440 
Assisted stretch-lying face down 423 Position 

Hip Lateral Rotation-Side-Lying Position 424 Hip Flexion-Sitting Position 441 
Hip Abduction With and Without Lateral 425 Shoulder Flexion-Standing With Back 442 

Rotation-Side-Lying Position Against the Wall 
Levell: Hip abduction with lateral rotation 425 Shoulder flexion with elbow flexion 442 
Level 2: Hip abduction with lateral rotation 425 Shoulder flexion with elbow extension 442 
Level 3: Hip abduction 426 Shoulder Abduction-Standing With Back 443 
Tensor fascia lata-iliotibial band stretch 426 Against the Wall 

Hip Adduction for Strengthening- 426 Shoulder Flexion-Standing Facing Wall 444 
Side-~g Position Facing wall 444 

Shoulder Flexion, Lateral Rotation, and 427 Standing in doorway 444 
Scapular Adduction-Side-~g Position Standing with side of body against wall 444 
Shoulder flexion 427 Shoulder Abduction-Standing Facing 445 
Scapular adduction (trapezius muscle 427 Wall-Trapezius Exercises 

exercise) Upper trapezius 445 
Shoulder rotation 427 Trapezius 445 

Knee Flexion-Face-Lying Position 428 Lower trapezius 445 
Hip Rotation-Face-Lying Position 429 Control of Hip and Knee Medial Rotation 446 
Hip Extension With Knee Extended- 430 During Walking 

Face-Lying Position Preventing Knee Hyperextension During 447 
Hip Extension With Knee Flexed- 431 Walking 
Face-~g Position Ankle Plantar Flexion 447 

Hip Abduction-Face-Lying Position 432 
Isometric Hip Lateral Rotation With Hips 433 

Abducted and Knees Flexed 
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Exercii1ei1 to Correct Movement Impairment S~nDromei1 
CHAPTER 8 

PllrpHIIIU: • To decrease low back flexibility 
• To increase hip joint flexibility 
• To improve ability to move in hips 

without excessive bending of the 
lumbar spine 

• To improve the performance of the 
gluteal muscles 

SUlrtilifj po~ition: Stand with feet spaced 
comfortably apart. 

Lever I: With hand support (see Figures A-D) 

Met&oo; 0 Perform variation if box is checked 

Down 
Place your hands on a table 
Try to put the weight of your upper body 

on your hands 
Bend in the hip joints; "think about stick

ing your seat out" 
Do not bend your back 
Do not arch your back (see incorrect 

posture in Figure D) 
o Bend in the knee joints 

Let your elbows bend 
Bend as far as possible or STOP if pain 

is experienced 

Return 
Tighten your buttocks muscles 
Move in your hips throughout the return 

to an erect position 
Avoid swaying pelvis forward 

RepetitioJl~: __ _ 

Level 2: Without hand support (see Figures E-F) 

Reach toward the floor with your hands 
as you bend forward in the hip joints 

Continue as instructed in "Level 1: With 
hand support" 

RepetitjoJl~: __ _ 
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A B 
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• To increase thoracic or lumbar 
flexibility 

• To improve the performance of the 
gluteal muscles 

Startinf:l po~ition: Stand with feet spaced 
comfortably apart. 

Metvoo: 0 Perform variation if box is checked 

o Let your upper and lower back bend as 
you bend forward 

o Try to bend in just your low back as you 
bend forward 

o Contract your abdominal muscles as 
you bend forward 

Return by contracting the gluteal 
muscles 

Move in the hip joints and move 
throughout the return to the erect 
position 

Repetition~: __ _ 

P"'JIOl'U: • To increase the flexibility of the 
paraspinal muscles 

• To increase the flexibility of the 
abdominal muscles 

• To decrease the excessive flexibili
ty of some spinal segments 

Startinf:l po~ition: Stand with both feet spaced 
comfortably apart. Raise arms overhead 
and clasp hands together. 

Metvoo: 0 Perform variation if box is checked 

Stand with your back against a wall to 
avoid rotating 

Place your hands on the top of your 
head (see Figure A) 

Lean to the side (see Figure B) 
Think about TILTING your shoulders 

rather than moving from your waist; 
STOP if pain is experienced 

Return to an erect standing position 
o Take a deep breath and lift your chest 
o Place your hand on your side at waist 

level and continue as before 

Repetition~: __ _ 
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Exerciileil to Correct Movement Impairment S;yn~romeil 
CHAPTER 8 

f'?:J.,< , ~ .-
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PKf1IOI'8I': • To Improve the performance of the 
gluteal hip muscles 

• To improve the isometric control by 
the abdominal muscles 

• To prevent compensatory move
ments of the hip, pelvis, and spine 

• To prevent the thigh from turning 
inward 

SUirtinlJ "o~;t;on: Stand with both feet relatively 
close together to keep from shifting to the 
side of the stance leg. 

Metbo3: 0 Perform variation if box is checked 

Shift your weight to stance leg 
Tighten your buttock muscle on the side 

of your stance leg 
Lift your alternate thigh in front of your 

body while bending your knee 
o Contract your abdominal muscles 
o Keep your pelvis level 
o Place your hands on your pelvis to 

monitor your movement 
o Do not let your opposite hip drop (see 

Figure 8) 
o Do not let your knee turn inward (see 

Figure C) 
o Do not let your shoulders lean to the 

side (see Figure D); keep your trunk 
still 

o Do not let your ankle pronate (i.e., arch 
collapsed or turned in) 

RepetitiolW: __ 



DIAGNOSIS AND TREATMENT OF MOVEMENT IMPAIRMENT SYNDROMES 

B 

PllrpOJed: • To stretch the hip flexor muscles 
• To improve the control of the pelvis 

by the abdominal muscles 

Startinil po~ition: Bend hips and knees; feet are 
on the floor. 

Metvoi): 0 Perform variation if box is checked 

Place fingers on abdominal muscles 
(i.e., on outside of abdomen between 
pelvis and ribs) 

Contract your abdominal muscles by 
pulling your "navel toward your spine" 

Lift one knee toward your chest 
Use your hand to hold your knee to your 

chest 
If necessary, reinforce abdominal 

contraction 
Slide your other leg down, STOP if pain 

is experienced in your back 
o Slide your leg down, while contracting 

your abdominal muscles 
STOP if pelvis tilts; return to the starting 

position 
o Place your hand on your pelvis; and 

prevent forward tilting movement of 
your pelvis 

o Slide your leg out to side; with repeti
tions, bring your leg in toward your 
other leg 

Return by sliding your leg back to the 
starting position while contracting your 
abdominal muscles 

Repetition~: ___ Repeat with your alternate leg 

Copyright © 2002 by Mosby, ~)c. May be copied [or patient use only. 
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ExerciiJeiJ to Correct Movement Impairment S;ynDromeiJ 
CHAPTER 8 

PltrpOl1ed: • To improve the control of pelvic tilt 
by the abdominal muscles 

• To stretch the hip flexors 

SttlrtiKfj po~ition: Bend hips and knees; feet are 
on the floor. 

Metbo~: 0 Perform variation if box is checked 

Place your fingers on your abdominal 
muscles (i .e., outside of abdomen 
between your pelvis and ribs) 

Contract your abdominal muscles by 
"pulling your navel toward your spine" 

Slide one leg down while keeping your 
pelvis from moving 

If you experience no pain, slide your 
alternate leg down 

Return by sliding one leg back at a 
time; make certain to contract your 
abdominal muscles 

o Place a pillow under your upper back 
and head 

Repetition~: __ _ 
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PHrplJI1U: • To increase hip flexion flexibility 
• To stretch the hip extensors 

(gluteus maximus and piriformis) 
• To improve the isometric control of 

the pelvis by the abdominal muscles 
• To move the lower extremities 

without pain 

SUirtine po~;tion: Passive: Lie on your back with 
one leg straight and the other hip and knee 
bent. Active: Lie on your back with both legs 
straight. 

Metboo: 0 Perform variation if box is checked 

Passive (see Figures A-B) 
o Use __ hand(s) or __ towel(s) under 

thigh to pu ll knee to chest 
o Be sure to relax the hip muscles as you 

pull your knee to your chest 
STOP if you experience pain in your 

groin or back 
o Place a towel with a few folds under 

your low back 
o Lower your leg so that your foot is on 

the table and your hip and knee are 
sti ll bent 

o Repeat with the same leg __ times 
o Perform with your alternate leg as above 

times 
o Place a pillow under your upper back 

and head 

Active (see Figures C-E) 
o Contract your abdominal muscles by 

pulling "your navel toward your spine" 
o Slide your foot along a table to bend 

your hip and knee and place your foot 
on table 

o Use your hip muscles to bring your 
knee to your chest 

o Use your hands to pull your knee to 
your chest when your th igh is vertical 
or your hip is at 90 degrees 

o Do not push down with your alternate 
leg 

o Lower leg and return to starting position 
o Return your leg to the starting position 
o Place pil low under upper back and 

head 

Repetition~: __ 

A[tentate [en~: __ 
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ExercirJerJ to Correct Movement Impairment S~noromerJ 
CHAPTER 8 

Pllrpoded: • To improve the performance of the 
abdominal muscles in controlling 
pelvic motion 

• To stretch the hip flexor muscles 

startiHfj pOdition: Lie on the back with legs 
straight. 

Metboo: 0 Perform variation if box is checked 

Place your hands on your abdominal 
muscles (i .e., outside of your abdomen 
between pelvis and ribs) 

Contract your abdominal muscles by 
"pulling your navel to your spine" 

Slide one foot along the table until your 
hip and knee are bent and your foot is 
resting on the table 

Relax 
Contract your abdominal muscles 
Slide your foot down, returning it to the 

rest position 
Repeat the movement with your alter

nate leg 
o Place a pillow under your upper back 

and head 

Repetitiond: __ 

Pllrpoded: • To improve the performance of 
abdominal muscles (external 
obliques, rectus abdominis, 
transversus) 

• To learn to prevent lumbar spine 
motions associated with leg motion 

startillfJ pOditioll: Bend your hips and knees with 
your feet on floor. Place your fingers on 
your abdominal muscles (i.e., outside of 
abdomen between pelvis and ribs). 

Leve 0.3: Lift one foot with alternate foot on floor 

Metboo: 0 Perform variation if box is checked 

Contract your abdominal muscles by 
"pulling your navel toward your spine" 

Lift one foot off the table 
Maintain your abdominal contraction 

and lower your foot back to the table 
o If pain is experienced , push down into 

table with one foot, while lifting the 
alternate foot off the table 

o Use a pillow under upper back and head 
Repeat the movement with your 

alternate foot 

Repetitiond: __ 
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PU"'O~ed: • To improve the isometric perfor
mance of the abdominal muscles 
(e.g., external obliques, rectus 
abdominis, transversus) 

• To move the lower extremity with
out movement of the spine or 
pelvis 

Startinl:l pooitioll: Bend hips and knees with feet 
on floor. 

o Perform variation if box is checked 

Leve( 0.4: Hold knee to chest and lift the alternate 
foot 

Metboo: Contract your abdominal muscles by 
"pulling your navel toward your spine" 

Lift one knee toward your chest 
Hold your knee toward your chest with 

your hand 
If able to hold your knee with one hand, 

place your alternate hand on the 
abdominal muscle (i.e., outside of 
abdomen between your pelvis and 
ribs) 

Make certain your abdominal muscles 
are contracted 

Lift your alternate foot off the table 
Lower your foot to the table while main

taining a contraction of your abdomi
nal muscles 

Repeat __ times 
Repeat this movement with your 

alternate leg 

Repetitiollo: __ _ 

o Perform variation if box is checked 

Leve(o.s: Lightly hold one knee toward chest and lift 
the alternate foot 

o Start if no pain is experienced when 
performing previous level 10 times 

o Do not hold your knee toward your 
chest as tightly as previously while lift
ing your leg off table 

o Let your knee move away from your 
chest and hold it lightly with your hand 
while lifting your leg off the table 

RepetitioHO: __ _ 
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Exerci;:leiJ to Correct Movement Impairment S~n()romeiJ 

CHAPTER 8 

PllrpO"&l: • To improve the performance of the 
abdominal muscles (e.g ., external 
obliques, rectus abdominis, and 
transversus) 

• To move the lower limb without 
moving the pelvis or spine 

Swrtinfj poaition: Bend hips and knees with feet 
on floor. Place fingers on abdominal mus
cles (i.e., outside of abdomen between 
pelvis and ribs). 

!Level rA: Hip flexed to greater than 90 degrees and 
the alternate foot lifted (Figures A-C) 

Met&oi): Contract abdominal muscles by "pulling 
navel toward spine" 

Lift one foot off the floor and bring your 
knee toward your chest to more than 
90 degrees 

If necessary, contract your abdominal 
muscles again 

Lift the alternate foot off the floor 
Do not let your back move 
Lower your last leg lifted while maintain

ing the abdominal contraction 
Lower your alternate leg back to the 

starting position 
Repeat starting with your alternate leg 

Level IB: Hip flexed to 90 degrees and lift the 
alternate foot (Figures 0-£) 

Met&oi): Contract abdominal muscles by "pulling 
navel toward spine" 

Lift one foot off the floor and stop when 
your hip is bent 90 degrees and your 
thigh is pointing toward ceiling 

If necessary, again contract your 
abdominal muscles 

Lift the alternate foot off the table 
Do not let your back move 
Lower your last leg lifted so it returns to 

starting position 
Lower your alternate leg to the starting 

position 

Repetitiona: __ _ 
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PllrpO;1U: • To improve the isometric perfor
mance of the abdominal muscles 
(e.g., external obliques, rectus 
abdominis, transversus) 

• To move your leg without move
ment of your spine or pelvis 

Startino pOJition: Bend hips and knees with feet 
on floor. Place fingers on your abdominal 
muscles (i.e. , outside abdomen between 
pelvis and ribs). 

Level,,: One hip flexed to 90 degrees, the alternate 
foot lifted and slid to extend the hip and knee 
(see Figures A-B) 

Metvoo: 0 Perform variation if box is checked 

Contract abdominal muscles by "pulling 
your navel toward your spine" 

Lift one leg up until your hip is bent to 
90 degrees and your thigh is pointing 
toward ceiling 

If necessary, reinforce the contraction of 
your abdominal muscles 

Do not let your abdomen distend 
Do not push your head back into sup-

porting surface 
Breathe 
Lift your alternate foot off the table 
Slide your foot down the table, while 

lightly touching the table 
Straighten your leg completely 

o Relax 
Reinforce your abdominal contraction 
Slide your foot back to the starting 

position 
o Repeat with the same leg 
o Lower your nonmoving leg to table, so 

both feet are on table 
o Repeat starting with your opposite leg 

Level3: One hip flexed to 90 degrees, foot lifted and 
then extend without the leg touching the 
supporting surface (see Figures C-O) 

Metboo: Perform the same movements as out-
lined in Level 2 except the following: 

Hold your foot off table while straighten
ing your leg out 

Set your leg down on table 
Bring your leg back to starting position 

by holding your foot off the table 
Make certain to contract your abdominal 

muscles 
Do not let your back move 
Repeat with the opposite leg 

RepetitiOtw: __ _ 
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Exercii1ei1 to Correct Movement Impairment S~:m~romei1 
CHAPTER 8 

PurpOde: • To improve the performance of the 
abdominal muscles (e.g., external 
obliques, rectus abdominis, 
transversus) 

Stayti~lfj pOdition: Lie down with both hips and 
knees straight. 

eC 4: Slide both feet along the supporting surface 
Into extension and return to flexion 

Metboo: Contract your abdominal muscles by 
"pulling your abdomen toward your 
spine" 

Bend your hips and knees and slide 
your heels along the table 

Lift both feet off table when your hips 
are bent to 90 degrees 

Reverse the movement to return to the 
starting position 

RepetitioHd: __ _ 

eC 5: Lift both feet off the supporting surface; with 
hips flexed to 90 degrees, extend the knees 
and lower both lower extremities to the sup
porting surface 

Metboo: Contract your abdominal muscles by 
"pulling your abdomen toward your 
spine" 

Bend your hips and knees by lifting 
both your feet off the table and bring
ing your knees to your chest 

Hold your hips at 90 degrees and 
straighten your knees 

Lower your legs to the table, returning 
to starting position 

RepetitioHd: __ _ 



DIAGNOSIS AND TREATMENT OF MOVEMENT IMPAIRMENT SYNDROMES 

A 

B 

c 

D 

Upper A!Jomina[ ProgressiON: 
Trunk Curl-Sit Up (Figures A-D) 

PllrpOde: • To improve the performance of the 
upper abdominal muscles (e.g., 
internal obliques, rectus abdominis) 

StJ:lrtino pOditiol1: Bend hips and knees with a pil
low under your knees and with your arms 
in front of body (see Figure A). Straighten 
hips and knees, and position arms in front 
of body (see Figure B). 

Leve rA: Trunk curl: sinal flexion (easiest) 

Met&O~: 0 Perform variation if box is checked 

Bring your chin toward your the base of 
your neck 

Curl your trunk as far as possible 
Stop just before your hips start to bend 

or your feet lift off table 

Leve rB: Trunk curl-sit up: spinal and hip flexion 
(least difficult) 

Met&O~: 0 Perform variation if box is checked 

Bring chin toward your the base of your 
neck 

Curl your trunk as far as possible 
Maintain the curl 
Continue until sitting up 

Levelz: Trunk curl-sit up: spinal and hip flexion 
(difficult) 

Met&oo: 0 Perform variation if box is checked 

Fold your arms on your chest (see 
Figure C) 

Bring your chin toward your your the 
base of your neck 

Curl your trunk as far as possible 
Maintain the curl 
Continue until sitting up 

Level 3: Trunk curl-sit up: spinal and hip flexion 
(most difficult) 

Met&oo: 0 Perform variation if box is checked 

Place hands on top of head (not behind 
head) (see Figure 0) 

Bring chin toward your the base of your 
neck 

Curl trunk as far as possible 
Maintain the curl 
Continue until sitting up 

RepetitiOlw: __ _ 
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Exercil1el1 to Correct Movement Impairment S~:mDromel1 

CHAPTER 8 

PlIrpo"u: • To improve the isometric perfor
mance of the abdominal muscles 
in preventing pelvic rotation 

• To move the leg without moving 
the pelvis 

• To stretch the hip adductor mus
cles (e.g., inner thigh muscles) 

StartinB pooition: Place hands on pelvis. Bend 
one knee with foot on the floor. Straighten 
alternate leg. Place a pillow along side the 
leg that is bent. 

Leve I 

Metboo: 0 Perform variation if box is checked 

Contract your abdominal muscles by 
pulling "your navel toward your spine" 

Let your knee move toward, outside, 
and away from your body (see 
Figures B-C) 

Keep your pelvis still 
Bring your knee back to the starting 

position 
o Bring your knee toward the inside of 

your body toward your opposite leg 
(see Figure D) 

Return to the starting position 
Repeat the movement __ times 
Perform with alternate leg 

o Place pillow under the knee of the leg 
that is straight 

o Place a pillow along side the leg that is 
bent at the level of the knee 

Repetitiono: __ 
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Hq, AGJucijOH - Lateral llObrtiOH P10JK 
p£exiOH PositiON: KNee ExteJuleJ 
(Figures A-D) 

Pllrpo~ed: • To improve the isometric perfor
mance of the abdominal muscles, 
controlling rotation of the pelvis 

• To move leg without movement of 
pelvis or spine 

StartilltJ pOditioll: Place your hands on your 
pelvis. Straighten one leg. Bend one hip 
and knee with your foot on f loor. 

Lever:l (Difficult) 

Metboil: 0 Perform variation if box is checked 

Contract your abdominal muscles by 
"pu ll ing your navel toward your spine" 

Let your knee move away from your 
body (see Figure B) 

From that position , straighten your knee 
(see Figure C) 

Try not to push down with your non-
moving leg 

o Bend your knee 
o Return to the starting position 
o Repeat straightening and bending your 

knee while maintaining this position of 
your leg __ times 

o Return to the starting position 
o Repeat as above 
o Straighten your knee, keep your knee 

straight, and bring your leg toward 
opposite shoulder by moving at hip 
(see Figure 0) 

Repeat the movement with your alter
nate leg 
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Exerciileil to Correct Movement Impairment S~ni)romeil 

CHAPTER 8 

PItYpO"ed: -To improve the performance of the 
abdominal muscles 

• To improve the performance of the 
hip flexor muscles 

• To stretch the hamstring muscles 

Startino pOJition: Straighten hips and knees. Place 
fingers on abdominal muscles (i.e., outside 
of abdomen between pelvis and ribs) . 

Metboil: 0 Perform variation if box is checked 

Contract your abdominal muscles by 
"pulling your navel toward your spine" 

Keep your knee straight 
Raise your leg straight up while keeping 

your knee straight 
Do not push down with your nonmoving 

extremity 
Lower your leg back to the starting posi

tion while keeping your abdominal 
muscles contracted 

OR 

o Bend your hip and knee, bringing your 
knee toward your chest (see Figure C) 

o Straighten your knee while keeping your 
hip at 90 degrees (i.e ., thigh pointing 
toward ceiling) (see Figure D) 

o Hold your thigh with your hand, while 
straightening your knee 

o Keep your knee straight and lower your 
leg back to the starting position 

Repeat the movement with your alter
nate leg 

RepetitionJ: __ 



DIAGNOSIS AND TREATMENT OF MOVEMENT IMPAIRMENT SYNDROMES 

A B 

c D 

E 

PII1pWU: • To stretch the hip flexors (e.g .• ten
sor fascia lata. rectus femoris. 
iliopsoas) 

• To prevent compensatory anterior 
pelvic tilt or rotation 

• To prevent compensatory tibial 
rotation 

StartinfJ pOJition: Lie on a hard table with your 
back flat. Bring both knees to your chest, 
but hold only one knee to your chest with 
your hands. 

Met&o~: 0 Perform variation if box is checked 

Hold one knee to your chest to keep 
your back flat and your pelvis from 
moving 

Contract your abdominal muscles by 
"pulling your navel toward your spine" 

Lower your alternate leg, allowing it to 
go out to the side 

o Turn your foot in toward your alternate 
foot to prevent rotation of your leg 

Lower your leg all the way to the table; if 
possible, make certain your back does 
not move 

Pull your thigh in toward your alternate 
leg 

Hold position for 20 to 30 seconds, and 
then allow your leg to go out to the 
side again 

Do not let your th igh turn inward 
STOP pulling your thigh toward the 

alternate leg at the point pain is expe
rienced in your knee 

o Repeat ; pull in __ times 
o If your thigh does not reach the table , 

let your leg hang for 20 to 30 seconds; 
make certain to keep your back flat 

Repeat this movement with your alter-
nate leg 

RepetitionJ: __ 
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ExerciiJeiJ to Correct Movement Impairment S~n~romeiJ 
CHAPTER 8 

PNrpIOIIU: • To stretch the latissimus dorsi 
muscles 

• To increase the flexibility of the 
pectoralis major muscle 

• To increase shoulder joint motion 
• To decrease the upper back curve 
• To improve the performance of the 

abdominal muscles 

Starti"8 pOJition: Bend hips and knees with feet 
on floor, arms at side. 

Metbo~: 0 Perform variation if box is checked 

o Contract abdominal muscles by "pulling 
your navel toward your spine" 

o Raise one arm overhead as far as pos
sible, STOP if any pain or discomfort is 
experienced on the top of your 
shoulder 

o Raise both arms overhead as far as 
possible, STOP if any pain or 
discomfort is experienced on the top 
of your shoulder 

o Use ___ pounds in ___ one hand 
o Use __ pounds in __ both 

hands 
o Let your weight pull your arm toward the 

table for seconds 
o Slide one leg down while keeping your 

arms overhead and your back flat (see 
Figure B) 

o Slide your alternate leg down so both 
legs will be straight; maintain your 
arms overhead and your back flat (see 
Figure C) 

Repetitiom: __ _ 



DIAGNOSIS AND TREATMENT OF MOVEMENT IMPAIRMENT SYNDROMES 
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lPigures A-BJ 

Pltt'po~e: • To improve the performance of the 
abdominal muscles 

Startino pooition: Bend hips and knees with feet 
on floor, arms at side. 

Metboo: 0 Perform variation if box is checked 

Bend your hips and knees with feet on 
floor 

o Hold __ pound in __ one hand 
o Hold __ pounds in __ both hands 

Raise your arm(s) overhead and out to 
the side 

Contract your abdominal muscles by 
"pulling your navel toward your spine" 

o Lift your arm(s) so that it(they) are mov
ing toward the ceiling in a direction 
toward the opposite hip 

Keep your elbows straight 
o Stop when your arm is vertical and 

return it to an overhead position 

Repetitiono: __ 

PII'1'ooe: • To increase shoulder jOint motion 

Startinfj pooition: Bend hips and knees with feet 
on floor and arms at side. 

Metboo: 0 Perform variation if box is checked 

Bend elbow and lift at shoulder joint 
to bring your arm overhead 

Straighten your elbow as the arm 
moves toward an overhead position 

o Place a pillow along side of the head 
and slide your arm along pillow 

o STOP if pain is experienced on top 
of your shoulder 

o Use your alternate hand placed on 
elbow to push down on the arm as 
it is moving overhead 

o Stretch your shoulder blade muscles 
Lift the arm to be stretched to 90 

degrees 
Hold outside of your shoulder blade 

with your alternate hand to prevent 
it from moving 

Continue to lift your arm overhead 
while restraining your shoulder blade 

Repetitiono: __ 
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Exerci"e" to Correct Movement Impairment S~n~rome" 
CHAPTER 8 

,~ . 
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• To Improve the- performance of the 
muscles from the shoulder blade 
to the arm 

• To stretch the pectoralis major 
muscle 

• To stretch the shoulder medial 
rotator muscles 

Startine po~itiolt: Hips and knees can be straight 
or bent with feet on floor. Move arms away 
from body at shoulder level with your 
elbow bent to 90 degrees. 

MetboCl: 0 Perform variation if box is checked 

Slide your arms overhead toward your 
ears 

o Place a pillow next to your head and 
under your arm, slide your arm along 
the pillow 

o Contract your abdominal muscles 
STOP if pain is experienced at the top 

of your shoulder 
o Do not shrug your shoulders while mov

ing your arms 
o Shrug your shoulders while moving your 

arms 

Repetitiolt~: __ _ 
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PUrpolltfl: • To increase the range of motion of 
shoulder rotation 

• To prevent compensatory movement 
of shoulder blade during arm motion 

• To prevent compensatory move
ment of the top of the arm during 
arm motion 

• To improve the performance of the 
shoulder rotator muscles 

StartiHfJ poaition: Hips and knees can be straight 
or bent with arm at shoulder level with 
elbow bent to 90 degrees. Place opposite 
hand on shoulder to prevent it from moving 
as the arm moves. Place a folded towel 
under the upper arm and elbow if recom
mended by therapist. 

Medial rotation-stretch of lateral rotator muscles 
(see Figure C) 

Met&oi): Move hand toward hip, keeping shoul-
der or top of arm bone from moving by 

Pressure from opposite hand 
o Position arm at __ degrees , not at 

90 degrees 
o Hold __ pounds of weight in your 

hand; let your weight pull your hand 
down toward the table 

STOP if pain is experienced in your 
shoulder jOint 

Do not let your elbow straighten 
Return to the starting position 
Repeat __ times 

Lateral rotation-stretch of medial rotator muscles 
(see Figure 0) 

---
Met&oi): Let your hand move toward your head, 

keeping the top of your arm bone from 
pushing into your restraining hand 

o Position your arm at __ degrees, 
not at 90 degrees 

o Hold __ pounds weight in hand; let 
weight pu ll hand toward table 

STOP if pain is experienced in your 
shoulder joint 

Return to starting position 
Repeat __ times 

Horizontal adduction 

Metboi): Lift your arm, keep your shoulder blade 
on the table , and bring your arm in 
front of your body 

When your arm is in front of your body, 
with your elbow pointing toward ceil 
ing, use your alternate hand to pu ll 
your arm farther across your body 
toward the opposite shoulder 

o Use your hand to push your arm down 
toward the table as you move 

o Keep your shoulder blade flat against 
the table 

Repeat __ times 

Copyright © 2002 by Mosby, Inc. May be copied for patient use only. 



Copyright © 2002 by Mosby, Inc. May be copied for patient use only. 

ExerciiJeiJ to Correct Movement Impairment S~nDromeiJ 
CHAPTER 8 

Purpoqe: • To stretch the pectoralis minor 
muscle 

Starti"tl po~itioH: Hips and knees can be bent 
with feet on floor, or legs can be straight. 
Arms are at the side. 

o Perform variation if box is checked 

Assisted stretch-lylng on back 

Metbo~: Assistant places the palm of his or her 
hand in the crease of your shoulder, 
not on your arm bone (see figure) 

Assistant applies pressure in a direction 
that is away from your chest and 
toward the table (i.e., a diagonal away 
from your body in a downward direction) 

Apply pressure for __ seconds 
Try to keep your chest from moving 
Stretch should be felt on your chest and 

not at your shoulder joint 
o Assistant uses one hand on both of your 

shoulders, crossing your hands so that 
if standing on the patient's right side, 
the assistant's left hand will be on the 
patient's left shoulder and the assis
tant 's right hand will be on the 
patient's right shoulder 

Self stretch-lying on back 

Metbo~: Roll your trunk toward your shoulder to 
be stretched so that your shoulder 
blade is held firmly against floor 

Use the palm of your opposite hand to 
apply pressure at the crease of your 
shoulder 

Rotate your trunk away from your shoul
der 

Assl8ted stretch-lying face down 

Metbo~: While lying face down with arms at side, 
assistant stands at your side and 
reaches from the top of your shoulder 
to place his or her fingers in the 
crease on front of your shoulder 

Your alternate hand reaches through the 
arm pit to place your fingers also on 
the crease of your shoulder 

Assistant then lifts up on your shoulder 
and leans back at the same time to 
stretch the muscle 

DO NOT PULL on your arm, the stretch 
should be felt on your chest and not in 
your shoulder joint 

RepetitioH~: __ 



DIAGNOSIS AND TREATMENT OF M OVEMENT IMPAIRMENT SYNDROMES 
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~: • To improve the performance of the 
hip lateral rotator muscles 

• To move the hip without moving 
the pelvis 

• To improve the isometric perfor
mance of the lateral abdominal 
muscles 

SUlTtiHfj p03ition: Lie on the side with bottom hip 
and knee bent. Rotate your pelvis slightly 
forward. Bend your top hip and knee and 
rest on the bottom leg or on a pillow. Place 
hand on your pelvis. 

o Perform variation if box is checked 

Metbo(): 0 Place a pillow between your knees or 
ankles 

Rotate your top leg so that your knee 
turns upward 

Move in hip joint on ly 
Do not let your pelvis rotate 

Repetition3: __ _ 
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Exerci"e" to Correct Movement Impairment S~nDrome" 
CHAPTER 8 

• To stretch the hip abductor mus
cles (tensor fascia lata-iliotibial 
band) 

• To improve the isometric perfor
mance of the lateral abdominal 
muscles 

• To move in the hip jOint without 
movement of the pelvis 

StArtin(j po~ition: Bottom hip and knee is bent 
while lying on the side. The pelvis is rotat
ed slightly forward . The hand can be on 
pelvis or on the area of the gluteus medius 
muscle. 

o Perform variation if box is checked 

Levee z: Hlp abduction with lateral rotation 
(see Figures A-B) 

Metboa: Bend your top hip and knee about 45 
degrees 

Slightly rotate knee so knee cap is 
pointing sl ightly upward; lift your thigh 
at hip joint 

o Place pillow between your knees 
o Place a folded towel under your waist 
o Place your hands on pelvis to keep your 

pelvis from moving 
o Place your fingers on gluteus medius 

muscle 
Do not lift high 
Do not push down with your bottom leg 
Lower your leg to the starting position 

Leve(.7.: Hlp abduction with lateral rotation 
(see Figures C-EJ 

Metboa: Slightly bend hip and knee of top leg 
Slightly rotate your top leg so knee is 

pointing slightly upward while lifting 
your thigh at hip joint up and back 

o Place a pillow between your knees 
o Place a folded towel under your waist 
o Place your hand on your pelvis to moni

tor for movement 
o Place your fingers on your gluteus 

medius muscle 
Do not let your pelvis tilt 
Do not push down with your bottom leg 
Lower your leg to the starting position 



DIAGNOSIS AND TREATMENT OF MOVEMENT IMPAIRMENT SYNDROMES 

F 

H 

Metboo: Straighten hip and knee 
o Place your hand on your pelvis to moni

tor for movement 
o Place your fingers on the gluteus medius 

muscle, keeping your hip back; lift 
your leg upward toward the ceiling 

Do not lift your leg high 
Do not let your knee turn inward 
Do not let your pelvis tilt 
Do not push down with your bottom leg 
Lower your leg to the starting position ...-----Tensor faSCia lata-lllotibial band stretch 

(see Figures F-G) 

Metboo: Place your hand on your pelvis to moni-
tor for movement 

Position your leg slightly forward 
Straighten your knee; turn it up slightly 
Lift your leg upward toward the ceiling 
Bring your leg backward, moving at hip 

so that the leg is slightly behind the body 
Do not allow your pelvis to move or your 

back to arch when bringing the hip back 
Lower your leg toward the table 
Do not let your pelvis move 
If your leg does not lower 15 degrees 

below level of hip joint, relax the hip 
muscles except for those used to keep 
your leg turned up; allow your leg to 
hang for 15 to 20 seconds 

Relax your leg and repeat the movements 

Repetitiono: ____ ____ 

P"J1IO#U: • To Improve the performance of the 
hip adductor (inner thigh) muscles 

• To stretch the hip abductor muscles 
Startittg p06ition: Lie on the side of the leg that is 

to be exercised. Straighten hip 
and knee. Hold your pelvis and 
trunk perpendicular to the support
ing surface. Rotate the top leg at 
the hip; your knee is bent so your 
foot is on the floor in front of your 
bottom leg. Place the hand of your 
arm on top of your body on the 
floor to stabilize your trunk. 

Metboo: 0 Perform variation if box is checked 

Keep your knee straight and knee cap 
pointing straight ahead 

Lift your bottom leg up toward the top leg 
o Straighten your hip and knee of the top 

leg ; hold it up parallel to the bottom 
leg; bring your bottom leg up to meet 
your top leg 

Return your bottom leg to the starting 
position 

RepetitiOf1d: ____ ____ 
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Exerci<le<l to Correct Movement Impairment S~nDrome<l 

CHAPTER 8 

P1trpoIIeII: • To improve the performance of 
the shoulder muscles that raise the 
arm overhead 

• To improve the performance of 
the shoulder muscle that rotates 
the arm 

• To increase the motion of the 
shoulder blade 

• To improve the performance of the 
trapezius muscle 

SUirtinO pOJition; While lying on side, hips and 
knees are bent. Arm is at shoulder level 
with elbow flexed and resting on pillow. 

o Perform variation if box is checked 

Shoulder flexion (see Figures A-C) 

Metbo~; Slide your arm overhead as far as 
possible 

Straighten your elbow as your arm 
moves overhead 

o Try to move your shoulder blade 
upward and toward the front of your 
body 

Slide your arm back to the starting 
position 

Do not shrug your shoulder 

o Perform variation if box is checked 

Scapular adduction (trapezius muscle exercise) 
(see Figure C) 

Metbo~; Rest your arm on a pillow in a slightly 
overhead position 

o Pull your shoulder blade toward your 
spine (see Figure B) 

o Lift your arm off the pillow by pulling 
your shoulder blade toward your spine 

o Perform variation if box is checked 

Shoulder rotation 

Metbo~; Rest your upper arm on the side of your 
body 

Bend your elbow to 90 degrees 
Rest your forearm against your 

abdomen 
Keep your upper arm still and raise your 

forearm and hand toward the ceiling 
by rotating in your shoulder joint 

Return your forearm and hand to the 
starting position 

RepetitiOf1J; __ _ 
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PKTf'Ot1U: • To decrease the compensatory 
motion of the pelvis and spine 

• To increase the flexibility and 
stretch the quadriceps and tensor 
fascia lata muscles 

• To improve the performance of the 
abdominal muscles 

StJlrtiJl8 poaitiOJ1: Lie face down with your legs 
straight and relatively close together. 

Met&oil: 0 Perform variation if box is checked 

Tighten your abdominal muscles by 
"pulling your navel toward your spine" 

Bend your knee 
Do not let your pelvis move (see 

incorrect posture in Figure C) 
Do not pull hard, which can cause a 

cramp in the back of your thigh 
Return your leg to the starting position 

o Place a pillow under your abdomen 
o Place your hands on your buttocks or 

on the bones in front of your pelvis to 
monitor movement of your pelvis 

Repeat with your alternate leg 

RepetitioJlo: __ _ 
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ExerciiJeiJ to Correct Movement Impairment S;yn~romeiJ 

CI-IAPrER 8 

PIIJ1HI"el1: • To decrease the compensatory 
motion of the pelvis during hip 
motion 

• To improve the flexibility and 
stretch the hip rotator muscles 

• To improve the performance of the 
abdominal muscles 

SUirtinlJ pooition: Lie face down with legs straight 
and relatively close together. 

Met&o~: 0 Perform variation if box is checked 

o Place a pillow under your abdomen 
o Place your hands on your buttocks or 

on the bones on the front of your 
pelvis to monitor the movement of your 
pelvis 

Contract your abdominal muscles by 
"pulling your navel toward the spine" 

Bend your knee to 90 degrees (leg is 
vertical) (see Figure A) 

Rotate your hip by allowing your foot to 
move in toward your alternate leg (see 
Figure C) and then away from the 
opposite leg (see Figure 0) 

Keep your pelvis still 
Repeat the motion __ times with 

one leg 
Return to the starting position 
Repeat the motion with your alternate 

leg 

Repetitiono: __ 
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PlIrpotlU: • To improve the performance of the 
gluteus maxim us and hamstring 
muscles 

• To stretch the hip flexor muscles 
• To improve the performance of the 

back extensor muscles 
• To improve the performance of the 

abdominal muscles 

Startin9 po~;t;on: Lying face down with legs 
straight and relatively close together. 

Met~o(): 0 Perform variation if box is checked 

Contract your abdominal muscles by 
"pulling your abdomen toward your 
navel" 

To lift your entire leg off the supporting 
surface , think about turning your leg 
slightly outward as you contract your 
buttock (gluteal) muscle 

Do not let your pelvis move 
Do not lift your leg high (only 10 

degrees of hip motion in this direction) 
Hold position for a count of 3 to 10 

seconds 
Return your leg to the starting position 

o Place pillow under abdomen 
o Place your fingers on the bones on the 

front of pelvis to monitor pelvic motion 
Repeat with your alternate leg 

Repet;tion~: __ _ 
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Exerci~e~ to Correct Movement Impairment S~I1()rome~ 
CHAPTER 8 

PlirpoIIU: • To improve the performance of the 
gluteus maximus muscle 

• To stretch the hip flexor muscles 
• To improve the performance of the 

back extensor muscles 
• To improve the performance of the 

abdominal muscles 

Smrtinll po~jtion: Lie face down with legs extend
ed and relatively close together. 

Met~o(): 0 Perform variation if box is checked 

Bend your knee; if possible, let your leg 
rest on thigh to relax hamstring muscles 

o Place your leg against the seat of chair 
or your foot against the wall 

Contract your abdominal muscles by 
"pulling your navel toward your spine" 

Contract buttock (gluteal) muscles to lift 
your thigh off the supporting surface 

Do not lift your thigh high (only 10 
degrees of motion in this direction) 

Do not let your pelvis move 
Hold this position for 3 to 10 seconds 
Return to the rest position 

o Place a pillow under your abdomen 
o Place your fingers on the bones on front 

of your pelviS to monitor pelviC motion 
Repeat with your alternate leg 

Repetition~: __ _ 
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Pul'J1O"U: • To improve performance of hip ab
ductor and gluteus medius muscles 

• To improve the performance of the 
hip extensor muscles 

• To improve the performance of the 
hip adductor muscles 

SUlrtill(J po"itiol1; Lay face down with your legs 
straight and relatively close together. 

Metbo~; 0 Perform variation if box is checked 

o Place a pillow under your abdomen 
o Place your fingers on the bones on front 

of your pelvis to monitor the movement 
Contract your buttock muscle to slide 

your leg out to the side 
Do not let your pelvis move 
Return your leg to the starting position 
Repeat with your alternate leg 

Repetition,,; __ _ 
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Exerciileil to Correct Movement Impairment S~)J1~romeil 

CHAPTER 8 

PI"'po~e: • To improve the performance of the 
hip lateral rotator muscles 

Swtinfj poaition: Lay face down with knees apart 
and bent. Allow the hips to rotate so that 
your feet touch. 

Met&o~: 0 Perform variation if box is checked 

o Place a pillow under your abdomen 
From the starting position , push your 

feet together by tightening your 
buttocks 

Hold position for 5 to 10 seconds 
Relax and repeat movement 

Repetitiona: __ _ 

{Figures A-B) 

Pllrpoae: • To improve the performance of the 
gluteus maximus muscles 

Startiltfl poaition: Lay face down with legs straight 
and relatively close together. 

Met&oo: 0 Perform variation if box is checked 

Tighten your buttocks muscles 
"Think about" your legs turning outward 

while contracting your buttocks 
muscles 

Hold position for 5 to 10 seconds 
Relax 

RepetitiOlW: __ _ 
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Purpo~e: • To improve the performance of the 
back extensor muscles 

startilt£l pooition: Lie face down on a table near 
the edge so that the arm hangs over the 
edge of table. 

Metbo~: Lift the arm up to the overhead position 

Hold position for 5 to 10 seconds 
Return to the rest position 
Repeat with the same arm 
Repeat with the opposite arm 

RepetitioJlo: __ _ 

PKf'I'OdU: • To increase the range of shoulder 
flexion 

• To improve the performance of the 
shoulder flexor muscles 

• To improve the movement of the 
shoulder blade by serratus anterior 
muscle 

StartinfJ po~ition: Face-lying position with enough 
pillows under the upper body and pelvis to 
ensure that the arms with the elbows bent 
can be comfortably placed alongside the 
body. The little finger side of the forearm 
and hand should be in contact with the 
supporting surface. The forehead can be 
supported with a folded towel. 

Metbo~: 0 Perform variation if box is checked 

Slide your arms overhead, STOP if pain 
is experienced on top of your shoulder 

o Think about moving your shoulder blade 
so that the bottom of it moves forward 
and up; motion will be as though a 
string is tied from your elbow to the 
bottom of the shoulder blade 

o When your elbow is directly under your 
shoulder, place some weight on your 
elbow as you continue the sliding 
movement; STOP if pain is experi
enced in your shoulder joint 

Do not let your elbows move away from 
your sides as you slide your arms 
overhead 

RepetitioJlo: __ _ 
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Exerciileil to Correct Movement Impairment S~nDromeil 

CHM'TER 8 

Pllrpo~e: • To improve the performance of the 
trapezius muscle 

A 

o Perform variation if box is checked 

Startil1l1 po~itiol1: Face down with arms overhead, 
elbows bent, and hands on back of head . 

Met&o3: 0 Place a pillow under your chest 
Lift your elbows by pulling your shoulder 

blades together 

B Hold position for 5 to 10 seconds 
Let your elbows return to starting 

position 

startil1tJ po~ition: Face down with arms overhead , 
elbows bent, hands resting by head with the 
thumb pointing upward. 

), 

" Met&o3: 0 Place a pillow under your chest 
Lift your arms by pulling your shoulder 

C blades together 
Keep your hand higher than your elbow 
Hold position for 5 to 10 seconds 
Let your arms return to the rest position 

StartifttJ poaitiol1: Face down with arms overhead and 
slightly out to side, elbows straight, and 
thumbs pointing toward ceiling . 

D 
Met&o3: 0 Place a pillow under your chest 

Lift your arms by pulling your shou lder 
blades together and slightly downward 

Keep your hand higher than your elbow 
Hold position for 5 to 10 seconds 
Let your arms return to rest position 

Repetition~: ___ 

E 

F 
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Pllrpooe: • To improve the performance of the 
shoulder rotator muscles 

Startin8 pooition: Face down on a table or bed 
with the upper arm at shoulder level and 
resting on towels. Elbow is bent and fore
arm is hanging over the edge of the table 
(see Figure A). 

o Perform variation if box is checked 

Lateral Rotation see Figure B) 

Metboo: Turn hand up toward your head 
Imagine that you are rotating your fore

arm about an axle running through 
your upper arm 

Do not let your shoulder blade move 
Do not lift your arm off the towels 
Hold the position at the end of the 

range for 5 to 10 seconds 
o Hold a __ pound weight in your 

hand 

Medial Rotation see Figure C) 

Metboo: Turn your hand down toward your hip 
Imagine that you are rotating your fore

arm about an axle that runs through 
your upper arm 

Do not lift your upper arm off the towels 
Hold position at the end of the range for 

5 to 10 seconds 
o Hold a __ pound weight in your 

hand 

Starting pooition: Face down on table lying on two pil
lows with upper arm at shoulder level support
ed by towels. Elbow is bent with forearm rotat
ed toward hip and hand resting on the table. 

Metboo: Keep your upper arm still while straight-
ening your elbow just enough so that 
your hand is no longer resting on the 
table 

Hold position for 5 to 10 seconds 
If you have difficulty holding your hand 

in this position , return it to the table 
If you can control your forearm and 

hand, let your forearm rotate toward 
the floor and then rotate it back toward 
your hip 

Do not lift your upper arm off the towels 

Repetitiono: __ _ 
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Exercii1ei1 to Correct Movement Impairment S~nDromei1 
CHAPTER 8 

ffe>e:lbility and 
of the buttock hlp muscles 

• To improve the hip bending motion 
• To decrease the outward bending 

of the lower back 
• To decrease the outward curve of 

the upper back 
• To reverse the inward curve of the 

lower back 
• To decrease the rotation of the 

spine 
• To improve the performance of the 

serratus anterior muscle 

SUirtillfj po~itioH: While on hands and knees with 
feet pointing away from body, center hips 
over the knees, which are a few inches 
apart. Position the hips at a gO-degree 
angle, spine straight, shoulders centered 
over hands, and head in line with the body. 

Metboi): 0 Perform variation if box is checked 

Keep spine straight 
Rock backward toward your heels by 

moving in hip joint; "think about aiming 
your buttocks toward the ceiling " 

STOP if any pain is experienced 
o Rock backward part of the way toward 

your heels (see Figure 8) 
o Rock backward as far as possible 

toward your heels (see Figure C) 
o Do not let your back arch upward (see 

incorrect posture in Figure D) 
o Push back with hands, and do not 

tighten hip muscles 
o Stretch your arms out once you have 

rocked back as far as possible; keep 
your spine straight 

o Arch your spine upward (see Figure D) 
o Let your spine arch inward 
o Put your knees farther apart 
o Let your knees turn outward and your 

feet turn inward 
Return to the rest position 

o Rock forward while contracting your 
abdominal muscles 

RepetitioH~: __ 



DIAGNOSIS AND TREATMENT OF MOVEMENT IMPAIRMENT SYNDROMES 

A 

c 

PIt'7"'l'U: • To improve the performance of 
abdominal muscles 

• To improve the control of the spine 
in preventing rotation 

• To improve balance control 
• To improve the control of the pelvis 

Starting pooitiott: While on hands and knees with 
feet pointing away from body, center hips 
over the knees, which are a few inches 
apart. Position the hips at a gO-degree 
angle, spine straight, shoulders centered 
over hands, and head in line with the body. 

o Perform variation if box is checked 

Shoulder flexion see Figure A) 

Met&oo: Contract abdominal muscles by "pulling 
your navel toward your spine" 

o Barely lift your hand off the supporting 
surface by bending your elbow 

o Lift one arm overhead and hold pOSition 
for 5 to 10 seconds 

Do not let your trunk move when lifting 
your arm 

Return hand to the supporting surface 
Repeat movement with your other hand 

Hlp extension with knee flexion 

Met&oo: Contract your abdominal muscles by 
"pulling your navel toward your spine" 

Keep your knee bent and lift your leg at 
the hip backward 

Do not let your pelvis or spine move 
Hold position for 3 to 10 seconds 
Return to the starting position 
Repeat with your alternate leg 

HI and knee extension (see Figure B) 

Met&oo: Contract your abdominal muscles by 
"pulling your navel toward your spine" 

Lift your leg backward so that your hip 
and knee straighten 

Do not let your pelvis or spine move 
Hold position for 3 to 10 seconds 
Return to the starting position 
Repeat with the alternate leg 

Hlplknee extension with shoulder flexion 
(see Figure C) 

Met&oo: Contract your abdominal muscles by 
"pulling your navel toward your spine" 

Lift your opposite leg and arm at the 
same time 

Lift leg backward and over head 
Do not let your pelvis or spine move 
Hold position for 3 to 10 seconds 
Return to the starting position 
Repeat with your opposite arm and leg 

Repetitiollo: __ 
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Exerci<le<l to Correct Movement Impairment S~n~rome<l 

CHAPTER 8 

PII.rJIoHI: • To Improve the performance of the 
neck extensors and flexors 

• To stretch the levator scapulae 
muscles 

• To improve the control of neck 
motion 

Starti"8 po~itioH: While on hands and knees with 
feet pointing away from body, center hips 
over knees, which are a few inches apart. 
Position the hips at a gO-degree angle, 
spine straight, shoulders centered over 
hands, and head in line with the body. 

o Perform variation if box is checked 

Met&o~; Bring your chin down toward the base 
of your neck (see Figure B) 

Do not let your neck drop forward in the 
area where it attaches to the body 
(see Figure C) 

Lift your head up to slightly above the 
starting position (see incorrect posture 
in Figure D) 

Do not lift your head all the way up 

o Perform variation if box is checked 

Cervical rotation 

Met&o~; From the starting position with the head 
and neck straight and level with the 
body, turn head to one side 

Do not twist your head but imagine turn
ing your head around a rod that is run
ning directly through the center of your 
head 

Return to the starting position 
Repeat turning in the opposite direction 

RepetitioH~; __ 



DIAGNOSIS AND TREATMENT OF MOVEMENT IMPAIRMENT SYNDROMES 

A 

B 

c 

D 

string mUSOles 
• To improve the control of the back 

extensor muscles 
• To decrease the tendency for the 

back to bend outward 
• To control undesirable hip rotation 

during knee movement 
• To stretch the muscles attaching to 

the knee cap 
• To stretch the calf muscles 
• To improve the control by the mus

cles that lift the ankle 

SUlrtino po~ition: Sit on a chair with a preferably 
straight back. Hips should be at a right
angle with the trunk and shoulders in line 
with the hips. Both feet can be on the floor. 
If the chair does not have a back, back 
should be monitored for motion (see 
Figure A). 

Met&oo: 0 Perform variation if box is checked 

o Push the upper back into the chair with
out letting it move 

Straighten your knee as far as possible 
(see Figure B) 

Move at your ankle to point your toes 
toward your knee (see Figure C) 

Do not let your back bend outward (see 
incorrect Figure D) 

Do not lead with your toes when point
ing your foot 

o Do lead with your big toe side when 
pointing your foot 

o Hold a towel in your hands, place the 
towel around the ball of your foot, pull 
your foot toward your knee with your 
hands 

Do not let your thigh lift off the support
ing surface 

Do not let your thigh turn inward 
o Think about using as little of the muscle 

on the front of the thigh as possible 
Hold position for 5 to 10 seconds 
Return to the starting position 

o As your leg goes down, place your fin
gers and thumb on the outside of your 
knee cap, and guide your knee cap 
down and slightly inward as your knee 
returns to the starting position 

Repetition~: __ 
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Exercii1ei1 to Correct Movement Impairment S~)J1()romei1 

CHAPTER 8 

l'lapolU: • To improve the performance of the 
muscles that lift the leg toward the 
chest 

• To improve the control by the trunk 
muscles 

• To stretch the muscles on the back 
of the hip 

SUlrting pOJition: Sit on a chair, preferably with a 
straight back. The hips should be at a right 
angle with the trunk and shoulders in line 
with the hips. Both feet can be on the floor . 

Methoo: 0 Perform variation if box is checked 

Use both hands to lift your thigh as high 
as possible without causing pain (see 
Figure B) 

Do not use your hip muscles while lifting 
your thigh 

After lifting your thigh as far as possible, 
release the hold by hands and use 
your hip muscles 

Hold your thigh in this position for 5 to 
10 seconds (see Figure D) 

Let your thigh return to the starting 
position 

o Hold your thigh up, and push your thigh 
with your hand (isometric) for 5 to 10 
seconds 

o Repeat movement with your alternate 
leg 

RepetitiollJ: __ 



DIAGNOSIS AND TREATMENT OF MOVEMENT IMPAIRMENT SYNDROMES 

A B 

c D 

PllrpI06U: • To improve the performance of the 
trapezius muscle 

• To stretch the latissimus dorsi 
muscle 

• To increase the range-ol-shoulder 
motion 

• To improve the control 01 the 
shoulder lateral rotator muscles 

• To improve the alignment of the 
upper back 

startillfj po~ition: Stand with back against the wall. 
Heels are approximately 3 inches away 
from the wall. Arms are at side of body. 

Shoulder flexion with elbow flexion 

Met&oo: 0 Perform variation if box is checked 

Bend your elbows 
Bring your arms forward so that your 

elbows face forward 
Bring your arms overhead , allowing your 

elbows to straighten as your arm goes 
overhead 

Try to bring your hands and arms back 
against the wall 

Keep your arms close to your head 
Do not let your back arch or pull away 

from the wall 
o Contract your abdominal muscles to 

flatten your low back against the wall 
Hold the position for 5 to 10 seconds 
You should NOT experience any pain at 

the top of the shoulder; STOP the 
motion before the point of experienc
ing pain 

o Take a deep breath , and repeat __ 
times 

Return to the starting position 

Shoulder flexion with elbow extension 

Met&oo: 0 Perform variation if box is checked 

Keep elbows straight 
Raise arms overhead 
Keep the palms of your hands facing 

upward and then backward , as your 
arms approach the wall 

Keep your arms close to the head 
Do not let your back pull away from the 

wall 
Hold the position for 5 to 10 seconds 
Return to the starting position 

Repetition~: __ _ 
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Exercii1ei1 to Correct Movement Impairment S~nDromei1 
CHAPTER 8 

Pltrpogeil: • To improve the performance of the 
trapezius muscle 

• To increase the range-of-shoulder 
motion 

• To stretch the pectoraliS major 
muscle 

Startinll pooition: Stand with back against the 
wall. Heels are approximately 3 inches 
away from the wall. Arms are at side of 
body. 

Met&oo: 0 Perform variation if box is checked 

Raise your arms to shoulder level 
Bend elbows 90 degrees 
Touch the wall with your arms, forearms, 

and hands 
o Bring your arms back to the wall , but do 

not force them to touch the wall 
Slide your arms up the wall toward your 

head 
Straighten your elbows as your arms 

move overhead 
Bring your arms close to your head 
STOP if pain is experienced on top of 

your shoulder 
o Contract your abdominal muscles to 

flatten your back against the wall 
Hold position for 5 to 10 seconds 
Return your arms to shoulder-level posi

tion 

Repetitiono: __ _ 



DIAGNOSIS AND TREATMENT OF MOVEMENT IMPAIRMENT SYNDROMES 

A B 

c 

~: • To increase range-of-shoulder flexion 
• To improve the performance of the 

trapezius muscle 
• To improve the performance of the 

shoulder lateral rotator muscles 

StartiH8 pOJition: Stand facing the wall as close 
as possible with elbows bent and the side 
of the forearm and little finger side of the 
hand against the wall. 

Metvoi): Slide hand(s) up wall until overhead 
STOP if pain is experienced on top of 

shoulder 
o With your arm(s) over your head, lift your 

arms off the wall by pulling your shoulder 
blades toward your spine 

o Do not let your shoulder shrug as you slide 
your arm overhead 

o Pull shoulder blades toward your spine 
and down 

o Keep your elbow facing the wall as you 
move your arm overhead; do not let it 
turn outward 

o Use your alternate hand either under the 
elbow of the arm to be exercised or by 
grasping the wrist to help lift the affected 
arm overhead 

o Use your alternate hand to keep the elbow 
from turning outward 

Return to the starting position 

Standing in doorwa 

Metvoi): Place your body in the doorway, bend your 
elbow, the palm of hand should be facing 
your body, place the little finger side of 
your hand against the wall 

Slide your hand up the wall as high as 
possible 

STOP if pain is experienced on top of your 
shoulder 

o With arm overhead, lean body into doorway, 
so that the arm is farther overhead 

o With the arm overhead, lift the arm off the 
wall by pulling the shoulder blade toward 
your spine 

Hold position for 5 to 10 seconds 
Return your hands to the wall and slide 

them down 
Return to the starting position 

with side of body against wall 

Metvoi): Stand with the arm to be exercised , next to 
a wall with the elbow bent and the back 
of the hand facing the wall 

Slide the arm overhead 
Hold position for 5 to 10 seconds 
If painful, move a small distance away from 

the wall 
Return to the starting position 

RepetitionJ: __ 
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Exerci~e~ to Correct Movement Impairment S~mDrome~ 
CHAPTER 8 

1'lcrJHIHII: • To improve the performance of the 
trapezius muscle 

• To increase range-of-shoulder motion 

Startiltfl pOJition: Stand close to and face the wall 
with the elbows bent and the little finger 
side of the hand against the wall. Arms 
should be out to the side with the elbows 
closer to the body than the hands. 

~z1u. 

MetvolJ: Slide your hands up the wall to the over-
head position but slightly out to the 
side, rather than straight up close to 
your head 

When your upper arm is at shoulder 
level , shrug your shoulders as you con
tinue to slide your hands up the wall 

When your arms are as straight as they 
can go: 
• Lift your arms off the wall by pulling 

your shoulder blades toward spine 
• Hold the position for 5 to 10 seconds 
• Return your hands back against the 

wall and slide them back to the start
ing position 

MetvolJ: Slide your hands up the wall to the over-
head position but slightly out to the 
side, rather than straight up and close 
to your head 

Do not shrug your shoulders as you 
slide your arms overhead 

When your arms are as straight as 
possible 

Lift your hands off the wall by pulling 
your shoulder blades toward your 
spine 

Hold the position for 5 to 10 seconds 
Return your hands to the wall and slide 

them back to the starting position 

MetvolJ: Slide your hands up the wall to the over-
head position but slightly out to side 
rather than straight up close to your 
head 

Do not shrug your shoulders as you 
slide your hands up the wall 

When your hands are overhead, lift 
them off the wall by pulling your shoul
der blades toward your spine and 
down 

Hold the position for 5 to 10 seconds 
Return your hands to the wall and slide 

them back down to the starting position 

Repetjtion~: __ 



DIAGNOSIS AND TREATMENT OF MOVEMENT IMPAIRMENT SYNDROMES 

A B 

1'IlrpOIIeI: 11 To Imr,r"",'A 
hip rotators 

• To reduce the excessive hip medi
al rotation 

• To reduce the stress on the knee 
jOint associated with excessive 
medial rotation 

• To reduce the stress on the arch of 
the foot associated with medial 
rotation 

• To reduce the stress on the big toe 
associated with excessive medial 
rotation 

StartinlJ poaition: Stand and prepare to take a 
step with the affected leg. 

Met&o~: 0 Perform variation if box is checked 

When walking , as the heel hits the 
ground, tighten the gluteal muscle to 
ensure that the knee does not turn but 
points straight ahead as you place 
weight on your leg 

As you bring your body over your leg , 
strongly contract your gluteal muscle 

Do not let your knee turn in (see 
incorrect posture in Figure 8) 

As you continue to bring your body for
ward over your foot, be sure your knee 
goes in a line over your second toe 
and not over the inside of your big toe 

o Do not let the arch of your foot collapse 
as your body comes over your foot 

o Try to tighten the muscles of your foot 
so that your arch does not collapse 

Relax your gluteal muscle after your 
body comes forward over your foot 
and foot leave the ground 

Repeat movement with each step 

Repetitiona: __ _ 
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Exerciileil to Correct Movement Impairment S;ynDromeil 
CHAPTER 8 

P"rpo~eo: • To prevent the knee from bending 
backward when walking 

Startine pooition: Stand and prepare to take a 
step with the affected leg . 

Metboo: When walking as your body comes over 
your knee: 

B Move toward the toe of your foot, lift 
your heel by contracting the muscles 
in the calf of your leg (see Figure A) 

Do not let your knee bend backward (it 
will probably feel as though your knee 
is bent) (see incorrect posture in 
Figure 8) 

Relax your calf and knee muscles as 
your toes come off the ground 

Repeat with each step 

Repetitiono: __ 

PII~: • To improve the performance of the 
muscles of the calf of the leg 

Startine pooition: Stand with feet comfortably 
apart. Stand with front of foot on edge of 
step. Stand with front of foot on edge of 
step but with support under the heels, 
which allows the heels to be lower than the 
front of the foot. 

Metboo: 0 Perform variation if box is checked 

Lift heels to go up on the ball of your 
foot 

Go as high as possible 
Hold position for 5 to 10 seconds 
Return to the starting position 

o Lift one foot off the ground by bending 
your knee 

o While standing on one leg , lift your heel 
by contracting the muscles of the calf 
of your leg so that you are standing on 
the ball of your foot 

o Hold the position for 5 to 10 seconds 
Return to the starting position 

Repetitiono: __ with each leg 



A 

Abdominal muscles 
actions of, 69-731 
lower, exercise progression for, 373-375 
shortness of, 611 
upper, exercise progression for. See Trunk-curl sit-up 

Acetabulum, 15 
Acromioclavicular joint pain, 218 
Acromion, humerus anterior of, 2001 
Actin,17 
Adduction, shoulder, 251 
Adductor brevis, 138 
Adductor longus, 138 
Adductor magnus, 138 
Adhesions, 6 
Alignment,3,146t 

assessment of structural variations and acquired 
impairments, 82-84 

in femoral accessory motion hypermobility, 166t 
in femoral hypomobility with superior glide, 169 
in femoral lateral glide syndrome with short-axis 

distraction, 17lt 
in hip extension syndromes, 161t 
in humeral hypomobility syndrome, 241 
in humeral superior glide syndrome, 234-235 
in scapular abduction syndrome, 226 
in scapular winging syndrome, 228 
lumbopelvic, 52, 541 
of humerus, normal, 198-199 
of scapula, 219t 

normal, 195-198 
of shoulders, normal, 194-195 
quadruped tests for, 304-308, 3041 
sitting tests for, 310 
spinal, variations in, 801 
standing movement tests for, 320-321 
upper quarter examinations for, 328-332 
upper quarter tests for, 350-352 

Alignment test, 264-268 
American Physical Therapy Association, 3 
Angle of inclination, 127, 1291 
Angle of torsion, 125 
Ankle dorsiflexion, lrnee extension and, in corrective 

exercises, 393-394 
Ankle plantar flexion, in corrective exercise, 399-400 
Ankle, anterior leg muscles affecting, 140-142 
Ankle, in leg length discrepancies, 125 

Page numbers followed by J indicate figures; t, tables. 

Annulus of disk, 62 
Anterior superior iliac spine (ASIS), 52, 122 
Antetorsion, 125, 1271 
Anteversion. See Antetorsion 
Arms, and scapular alignment 
Arthrokinematics, 6, 44, 45 
ASIS. See Anterior superior iliac spine 
Asymmetry 

in lumbar spine, 62 
of iliac crest, 124f 
of medial rotational range, 127 
spinal, assessment of, 82 

Atrophy, 16, 171, 18-19 
Axiohumeral,211 
Axioscapular,209 

B 

Back. See Spine, lumbar 
Back muscles, superficial, 651, 66! See also Specific muscles 
Bending. See Flexion 
Biceps femoris, 1391 
Bilateral hip/knee flexion (partial squat), 268-270 
Biomechanical element impairments, 41-46 

dynamics: relationship between motion and forces 
producing motion, 44-45 

kinematics and impairments of joint function, 45-46 
kinesiopathologic model applied to patellofemoral joint 

dysfunction, 46 
statics: effects of gravitational forces, 42-44 

Biomechanics, 42 
Bowing, tibial, 1291 
Bowlegs. See Genu varum 
Breasts, large 

and scapular alignment, 219 
in scapular abduction syndrome, 226 

Bucket-handle derangement, 451 
Bursitis, in scapula, 225 

c 
Capsulitis, adhesive, 234 
Central nervous system dysfunction, 2 
Cerebral vascular accident, 11 
Cervical flexion and extension, in corrective exercise, 

392-393 
Charlie Chaplin gait, 125 



In(Jex 

Classification, need for, 7-8 
Clavicle, 210 
Compensatory relative flexibility, 30-31 
Compression, 108 

of lumbar spine, 63-64 
of supraspinatus tendon, 215f 

Contraction 
eccentric, patterns of, 40-41 
isometric, 70 

Coxa varum, 127 
Craig's test, 
Craig test, 126, 128f 
Curls, 7l, 72, 73f 
Curvature, lumbar, 52, 54! See also Spine, lumbar, 

movement impairment syndromes of 
Cycling, effects of, 13 
Cyclists, and femoral accessory motion hypermobility, 167 

D 

Deep calf muscles, 141 
Deltoid,212 
Deltoid contractile inefficiency, 2141' 
Depression, scapular, 213f 
Diagnosis and intervention, key to, 15 
Differential Diagnosis in Physical Therapy, 76 
Diplegia, spastic, 144 
Directional susceptibility to movement (DSM), 4, 44,78, 121 
Disk 

annulus of, 62 
degeneration of, 61 
degenerative disease of, 74, 75-76 
intervertebral, herniation of, 74, 76, 77f 

Disk disease, degenerative, 74, 75-76 
Distraction, long axis, 135 
Double knee to chest test, 274, 274f, 321 
DSM. See Directional susceptibility to movement 
Dynamics, 42 
Dynamics: relationship between motion and forces 

producing motion, 44-45 
Dysfunction, spinal, causes of, 51 

E 

Electromyography, and hamstring and abdominal muscles, 
36,38f 

Elongation, prolonged, effects of, 23 
EMG. See Electromyography 
Entrapment, 6 
Erector spinae, 65-67, 136 
Examination format, 4 
Examinations, for lower and upper quarter movement 

impairment, 263-366. See also Movement 
impairments, lower and upper quarter 
examinations for 

Exercise, role of, in muscle atrophy, 18 
Exercises, corrective, 4-5, 367-400 

for improvement of abdominal muscles, 69-7l, 72-73 
for movement impairment syndromes, 401-447 

ankle plantar flexion, 447 
face-lying position 

hip abduction, 432 
hip extension with knee extended, 430 
hip extension with knee flexed, 431 
hip rotation, 429 
knee flexion, 428 
shoulder flexion, flexion to elicit back extensor 

muscle activity, 434 
shoulder rotation, 436 
trapezius muscle exercise progression, 435 

forward bending 
with hip flexion and flat lumbar spine, 403 
with spinal and hip flexion, 404 

hip abduction, with lateral rotation from flexion 
position 

bent knee fallouts, 415 
knee extended, 416 

hip and knee extension 
from hip and knee flexion, 407 
with contralateral hip and knee maximally flexed, 

406 
hip and knee flexion 

from passive and active hip and knee extension, 
408 

with sliding heel from hip and knee extension, 
409 

isometric 
gluteus maximus contraction, 433 
hip lateral rotation with hips abducted and knees 

flexed, 433 
lower abdominal progression 

with bilateral hip and knee flexion, 413 
with hip and knee extension, 412 
with hip and knee flexion with alternate foot 

unsupported,411 
with hip and knee held to chest during hip flexion, 

410 
with unilateral hip flexion, 409 

pectoralis minor stretch, 423 
quadruped position 

head and cervical flexion and extension, 439 
limb movement, 438 
rocking, 437 

side bending with lateral spinal flexion, 404 
shoulder abduction with gravity lessened, 421 
shoulder flexion 

elevation with elbow extended and latissimus dorsi 
muscle stretch, 419 

elevation with elbow flexed, 420 
two-joint hip flexor stretch, 418 



Exercises, corrective-cont'd 
for movement impairment syndromes-cont'd 

shoulder flexion/abduction, 420 
shoulder rotation, supine horizontal adduction, 422 
side-lying position 

hip abduction with and without lateral rotation, 425 
hip adduction for strengthening, 426 
hip lateral rotation, 424 
shoulder flexion, lateral rotation, and scapular 

adduction,427 
single-leg stance with unilateral hip and knee flexion, 

405 
sitting position 

hip flexion, 441 
knee extension and dorsiflexion, 440 

standing facing wall 
shoulder abduction-trapezius exercises, 445 
shoulder flexion, 444 

standing with back against the wall 
shoulder abduction, 443 
shoulder flexion, 442 

straight-leg raises 
hip flexion with knee extended, 417 

upper abdominal progression with trunk curl-sit up, 
414 

walking 
control of hip and knee medial rotation, 446 
preventing knee hyperextension, 447 

in prone position, 385-390 
back extensor activation, 388-389 
gluteus maximus contraction, isometric, 388 
hip abduction, 387 
hip extension, 387 
isometric hip lateral rotation with hips abducted and 

knees flexed, 387-388 
knee flexion, 385-387 
shoulder rotation, 389-390 
trapezius muscle exercise progression, 388-389 

in quadruped position, 390-393 
in side-lying position, 382-385 
in sitting position, 393-395 
in standing position, 368-370, 395-398 
in supine position, 371-382 

control of pelvic rotation with lower extremity 
abductionllateral rotation, 377-378 

control of pelvis with lower-extremity motion, 371-372 
gluteus maximus stretch, 372 
hip and knee flexion, sliding heel from hip and knee 

extension, 372 
hip flexor stretch, 371, 378-379 
latissin1Us dorsi and scapulohumeral muscle stretch, 

379-380 
lower abdominal exercise progression, 373-375 
pectoralis minor stretching, 382 
shoulder abduction with lateral rotation, 380-381 

Exercises, corrective-cont'd 
in supine position-cont'd 

shoulder rotation, 381-382 
straight leg raises, 378 
trunk-curl sit-up (upper abdominal progression), 

376-377 
prone, 385-393 
side-lying, 382-385 
walking, 398-399 

Extension 
of hip, 124 
of lumbar spine, normal and impairments of, 60-61 
lumbar, test for, 321 

Extensor digitorum longus, 141, 142f 

External oblique, 69-71, 70f, 135 

F 

Facet joint synovitis, 74 
Facet syndrome, 74 
Fascitis, iliotibial band, 154 
Femoral accessory hypermobility syndrome, 188-189 
Femoral accessory motion hypermobility, 166-168 

case presentation, 167-168 
Femoral anterior glide syndrome, 144-151, 176-177 

case presentations, 148-151 
confirming tests, 147 
intervention, 147-148 
movement impairments, 145-146, 145f 

muscle and recruitment pattern impairments, 147 
relative flexibility and stiffness impairments, 146 
symptoms and pain, 144-145 
with lateral rotation, 151-154 

case presentation in, 153-154 
intervention, 152-153 

with lateral rotation syndrome, 180 
with medial rotation syndrome, 178-179 
with superior glide, 168-171, 186-187 

case presentation in, 170-171 
confirming tests, 169 
flexibility and stiffness impairments, 169 
intervention, 169-170 
movement impairments, 170 

Inoex 

muscle and recruitment pattern impairments, 169 
symptoms and pain, 170 

with short-axis distraction, 171-174 
case presentation, 172-174 
confirming tests, 172 
flexibility and stiffness impairments, 172 
intervention, 172 
movement impairments, 171 
muscle and recruitment pattern impairments, 172 
symptoms and pain, 171 

Femur, 15 
Flat thoracic spine, 199 
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Flexibility 
and stiffness, impairments, 90 
compensatory relative, 30-31 

Flexion 
glenohumeral, 2201 
of lumbar spine, normal and impairments of, 58-60 
lateral, assessment of, 76 

in hip joint, 125 
normal and impairments of, 63, 641 

of hip, 124 
of shoulder, 202!, 2091-2101 

increased, 214f 
Flexor digitorum brevis, 1431 
Flexor digitorum longus, 142 
Foot 

lateral leg muscles affecting, 142 
muscles attached to, 143-144 
pronated, and hallux valgum, 370 
rigid, 431 

Force, muscular, 16 
Force couple, scapular, 2071 
Forces, static, on posture, 4244, 44f. See also Gravity, 

effects of, on muscle use 
Forward bending 

alignments in, 61! See also Spine, lumbar, motions of, 
flexion 

assessment of, 76 
curled, in corrective exercise, 369 
in corrective exercise, 368 

Forward bending test, 270-272, 320 
Frozen shoulder, 241 

G 

Gait 
alterations in muscular strategies during, 35 
antalgic, 130 
assessment of, 82 
normal,26 
tests of, 318-319 

Gastrocnemius, 140 
Gemelli, superior and inferior, 138 
Genu recurvatum, 42, 134 
Genu val gum, 125, 132!, 370 
Genu varum, 44, 129, 130!, 131!, 370 
Glenohumeral capsule, posterior, stiffness of, 2161 
Glenohumeral hypomobility, 260-261 
Glenohumeral joint, 131 
Glenoid, motion of, 206 
Glide, in hip joint, 135 
Gluteus maximus, 15, 16, 137 
Gluteus maximus contraction, isometric, in corrective 

exercise, 388 

Gluteus maximus stretch in corrective exercise, 37l-372 
Gluteus minimus, 138 
Gracilis, 138 
Gravity, effects of, on muscle use, 4244 

H 

Hallux valgum, pronated foot and, 370 
Hammer toes, 141 
Hamstring and abdominal muscles, interaction of, 36 
Hamstring muscles, 26, 1391 

dominance of, over abdominal muscles, 36-37, 371 
evaluation of, 28 
stretching of, 124 

Hamstring strain, 164 
Hemiparesis, 11 
Hemiplegia, 144 
Herniation, of intervertebral disk, 74, 76, 771 
Hip 

antetorsion in, 34, 341 
control of, and knee medial rotation, in corrective 

exercise, 398-399 
extension of, in prone position, 161 
medial muscles affecting, 138 
motions of, 134-135 
movement impairment syndromes of, 121-191 

femoral anterior glide syndrome, 144-151 
femoral anterior glide syndrome with lateral rotation, 

151-154 
frequency of, 122t 
hip adduction syndrome, 154-161 
motions of hip, 134-135 
muscular actions of, 135-144 
normal alignment of hip, 121-134 
specific impairments, 144-175 

muscular actions of, 135-144 
anterior leg muscles affecting ankle, 140-142 
anterior muscles affecting hip and knee, 138 
anterior muscles affecting the hip joint, 136-137 
anterior trunk muscles affecting the pelvis, 135-136 
lateral leg muscles affecting foot, 142 
median muscles affecting the hip, 138 
muscle and movement impairments, 143-144 
muscles attached to foot, 143-144 
posterior leg muscles affecting foot, 142 
posterior leg muscles affecting knee and ankle, 140 
posterior muscles affecting the hip joint, 137-138 
posterior muscles affecting the pelvis, 136 

normal alignment of, 122-134 
hip joint, 123-129 
knee joint in, 129-134 

Hip, retrotorsion in, 34-35, 34!, 1291 
Hip, rotation of, 135 



Hip abduction 
in corrective exercise, 387 
with and without lateral rotation, 383-384 
with associated lateral pelvic tilt, assessment of, 78 

Hip abduction!lateral rotation from flexion, assessment of, 
78 

Hip abduction!lateral rotation test, 292-296, 292f 

Hip abduction!lateral rotation with hip flexed, 288-290, 288f 

Hip adduction, 370 
assessment of, 78-79 

Hip adduction syndrome, 154-161, 180-181, 182-183 
case presentations, 156-161 
confirming tests, 155 
femoral accessory motion hypermobility, 166-168 
femoral hypomobility with superior glide, 168-171 
femoral lateral glide syndrome with short-axis 

distraction, 171-174 
flexibility and stiffness impairments, 155 
hip extension with knee extension syndrome, 161-164 
hip lateral rotation syndrome, 164-166 
intervention, 155-156 
movement impairments, 155 
muscle and recruitment pattern impairments, 155 
synlptoms and pain, 154-155 
with medial rotation, 182-183 

Hip adduction tests, 296 
Hip and knee, muscles affecting, 138 
Hip and knee flexion 

active, assessment of, 78 
in supine position, 372 
limited range of, in standing position, 370 

Hip antetorsion, unilateral, 124 
Hip extension, 134 

assessment of, 80-81 
evaluation of, 28, 29f 

Hip extension with knee extended test, 302, 302f 

Hip extension with knee extension, 184-185 
Hip extension with knee extension syndrome, 161-164 

case presentation, 162-164 
confirming tests, 162 
flexibility and stiffness impairments, 162 
intervention, 162 
movement impairments, 161 
muscle and recruitment pattern impairments, 162 
muscle length and strength impairments, 162 
synlptoms and pain, 161 

Hip extension with knee flexed 
in corrective exercise, 387 
test, 302-304, 302f 

Hip extension with medial rotation, 186 
Hip flexion, 134 

assessment of, 79j, 82f 

with knee extended, assessment of, 78 

Hip flexor length, assessment of, 77-78 
Hip flexor length test, 276-278, 276f 

Hip flexor length test, supine, 321 
Hip flexor strategy pattern, 144 
Hip flexor stretch, in corrective exercise, 371, 378-379 
Hip flexors, evaluation of, 28 
Hip joint 

accessory motions of, 135 
anterior muscles affecting, 136-137 
assessment of, 124-128 

Hip joint angle, 122 
Hip joint motions, 134-135 
Hip joint test, 321 
Hip lateral rotation 

assessment of, 78 
in corrective exercise, 382-383 

Hip lateral rotation syndrome, 164-166,190 
case presentation, 165-166 

Hip lateral rotation test, 300, 300f 

Hip medial rotation, excessive, 370 
Hip medial rotation test, 298-300, 298f 
Hip rotation 

assessment of, 80 
isometric lateral, in corrective exercise, 387-388 

Hip rotation test, sitting, 314 
Hip test, 302 
Hip/knee flex partial squat test, 321 
Hipsiknees extension test, 322 
Hips/knees flexion test, 321 
Humeral anterior glide, 254-255 
Humeral anterior glide syndrome, 232-234 
Humeral hypomobility syndrome, 241-244 

case presentation, 243-244 
confirming tests, 241 
treatment, 241-243 

Humeral superior glide, 256-257 
Humeral superior glide syndrome, 234-237 

case presentation, 236-237 
confirming tests, 235-236 
muscle impairments, 235 
treatment, 236 

Humerus 
abducted and medially rotated, 201f 

Inoex 

Humerus, alignment of, normal and impaired, 198-199 
Humerus, laterally rotated, 201f 

movement impairment syndromes of, 231-244 
humeral anterior glide syndrome, 232-234 
humeral hypomobility syndrome, 241-244 
humeral superior glide syndrome, 234-237 
shoulder medial rotation syndrome, 237-240 

neutral rotation of, 199f 

Humerus anterior of acromion, 200f 

Hyperextension 
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Hyperextension-cont'd 
in gymnasts, 61 
in lrnee joint, 129 

Hypermobility, in low back, 74 
Hypertrophy, 16, 171, 19, 29 

I 

IAR. See Instantaneous axes of rotation 
ICR. See Instantaneous center of rotation 
Iliopsoas, 26, 68-69, 681, 135, 136 
Iliopsoas test, 286-288 
Iliotibial band (ITB), 131 
Illness, acute phase of, 1 
Imbalances in control of one joint, 143t 
Impairments in biomechanical elements. See Biomechanical 

element impairments 
Impairments, 10 

of muscle and movement, 143-144 
of shoulder alignment, 195, 195f 

Impingement, 6 
Impingement syndrome, 234, 235f 

of shoulders, 213, 216 
Inclination, angle of, 127, 129f 
Infraspinatus, 215 
Instability, spinal, 74, 75 
Instantaneous axes of rotation (IAR), 581, 59f 
Instantaneous center of rotation (ICR), 12 
Internal oblique, 7l-72, 135 
Interspinales, 67 
Intertransversarii,67 
ITB. See Iliotibial band 

J 
Joint, lumbosacral, 61 
Joint dysfunction, 2 
Joint function, impairments of, and kinematics, 45-46 
Joint mobility, evaluation of, 2 
Joints, accessory movements of, 44-45 

K 
Kinematics, 42,44-45,46 
Kinesiologic model of movement, 9-10, 10f 
Kinesiopathologic model applied to patellofemoral joint 

dysfunction, 46 
Kinesiopathologic model of movement, 4, 141, 12-16, 12f 
Kinetics, 44 
Knee and ankle, posterior leg muscles affecting, 140 
Knee extension 

and ankle dorsiflexion, in corrective exercises, 393-394 
assessment of, 82 

Knee flexion, assessment of, 80 
Knee flexion test, 298, 298f 
Knee hyperextension, prevention of, in corrective exercise, 

399 
Knee. See also Knee joint 

anterior muscles affecting hip and, 138 
hyperextension of, 43, 122, 431, 123f 
medial rotation of, and control of hip in corrective 

exercise, 398-399 
normal flexion of, 46f 
posterior muscles affecting hip and, 139-141 

Knee joint 
hyperextension of, 129 
in normal alignment of hip, 129-134 

frontal plane, 129-134 
sagittal plane, 129 

valgus and varus deformities in 130f 
varus of, 44f 

Knee joint test, 321 
Knee rotation, limiting, in corrective exercise, 399 
Knock-lrnees. See Genu valgus 
Kyphosis, thoracic, 82, 199, 205, 219, 226, 196f 

L 

Lateral rotators, test of length of, 216f 
Latissimus dorsi, 31, 65, 211 

and scapulohumeral muscle stretch, 379-380 
length assessment of, 212f 

Leg muscles anterior, affecting the ankle, 140-142 
Leg muscles, posterior, affecting lrnee and ankle, 140 
Length-tension relationship in muscle, 24f 
Levator scapula, 207 
Limb movement in quadruped position, 391-392 
Load, excessive, 5 
Lordosis, lumbar, 82, 90 
Low back, movement impairment syndromes of, 74-107 

compression, 108 
lumbar extension syndrome, 88-93 
lumbar flexion syndrome, 103-107 
lumbar rotation syndrome, 93-98 · 
lumbar rotation-extension syndrome with or without 

radiating symptoms, 74-88 
lumbar rotation-flexion syndrome, 98-103 
sacroiliac dysfunction, 107-108 

Lower abdominal muscle exercise progression, 373-375 
Lower abdominal, external oblique, and rectus abdominis 

performance, 280-282, 282f 
Lower quarter examination, checklist for, 320-328 
Lumbar extension syndrome, 88-93 

alignment in, 89 
case presentations in, 91-93 
diagnosis and treatment of, 112-113 



Lumbar extension syndrome-cont'd 
movement impairments in, 89-90 
symptoms and pain in, 89 
treatment of, 90-91 

Lumbar flexion syndrome, 105-111 
alignment in, 105 
case presentations in, 105-107 
confirming tests for, 105 
diagnosis and treatment of, 110-111 
excessive flexibility in, 104f 

flexibility and stiffness impairments in, 105 
movement impairments in, 103 
muscle and recruitment pattern impairments in, 105 
synlptoms and pain, 103 
treatment of, 105 

Lumbar rotation syndrome, 93-98 
alignment in, 93 
case presentations in, 95-98 
confirming tests, 95 
diagnosis and treatment of, 114-115 
flexibility and stiffness impairments in, 94-95 
movement impairments in, 93-94 
muscle and recruitment impairments in, 95 
synlptoms and pain, 93 
treatment of, 95 

Lumbar rotation with extension, diagnosis and treatment of, 
118-119 

Lumbar rotation with flexion, diagnosis and treatment of, 
116-117 

Lumbar rotation-extension syndrome with or without 
radiating symptoms 

alignment: structural variations and acquired 
impairments, 82-84 

case presentations, 84-88 
movement impairments, 76-82 
symptoms and pain, 74-76 

Lumbar rotation-flexion syndrome, 98-103 
alignment: structural variations and acquired 

inlpairments, 99 
case presentations in, 100-103 
confirming tests, 100 
flexibility and stiffness impairments, 99 
movement impairments in, 98-99 
muscle recruitment pattern impairments, 99-100 
symptoms and pain, 98 
treatment of, 100 

Lumbar spine. See Spine, lumbar, movement impairment 
syndromes of 

M 

Magnetic resonance imaging (MRI), 107 
of shoulder, 214-215 

Manual muscle testing (MMT), 155 
Metatarsophalangeal (MTP) joints, 142 
Microtrauma, 3,5 
MMT. See Manual muscle testing 
Motion 

Inoex 

and forces producing motion, relationship between, 44-45 
synergists for, 143 

Motions oflumbar spine, 57-74 
Motor unit loss, 1 
Movement impairment syndrome, 5. See also MPS; 

Movement impairments 
Movement impairment syndromes, 3, 5-7 

of hip, 121-191. See also Hip, movement impairment 
syndromes of 

of shoulder girdle, 193-244. See also Shoulder girdle, 
movement impairment syndromes of 

Movement impairments, 15 
in lumbar extension syndrome, 89-90 
lower and upper quarter exanlination for, 263-366 

lower quarter exanlinations, 264-327 
gait, tests for, 318-319 
prone tests, 296-304 
quadruped tests, 304-310 
side-lying tests, 292-296 
sitting tests, 310-315 
standing tests, 264-268, 316-317 
standing movement tests, 268-274 
supine tests, 274-292 

upper quarter examinations, 328-366 
checklist for, 362-366 
prone tests, 344-350 
quadruped tests, 350-354 
standing tests, 328-338 
standing: back to wall tests, 360 
standing: facing wall tests, 356-360 
supine tests, 338-344 

Movement, 3 
as underlying cause of pain syndromes, 3-4 
components of, multiple impairments of, 47, 48f 

concepts and principles of, 9-50 
base element impairments of the muscular system, 

16-33 
base element impairments of skeletal system: 

structural variations in joint alignment during, 
34-46 

kinesiologic model of, 9-10 
kinesiopathologic model of, 12-16 
multiple impairments of components of movement, 47 
pathokinesiologic model of, 10-12 
support element impairments of, 47 

impairments of, in low back, 76-82 
kinesiopathologic model of, 4 
models of. See Specific Models 
repeated, 13 



In()ex 

Movement-cont'd 
repetitive, cumulative effects of, 12 

Movement patterns, of shoulder girdle, 201-206 
Movement system balance (MSB) concept, 3 
Movement system, focus on, 2-3 
MPS. See Musculoskeletal pain syndromes 
MRI. See Magnetic resonance imaging 
MSB. See Movement system balance 
MTP. See Metatarsophalangeal (MTP) joints 
Multifidus, 35, 67 
Muscle 

atrophy of, clinical relevance of, 18-19 
contractile capacity of, factors affecting, 16 
lengthened, secondary to anatomic adaptation-addition 

of sarcomeres, 23-26 
shortened, caused by anatomic adaptation, loss of 

sarcomeres, 26-28 
skeletal, structure of, 17 
stretching of, 26 
synergistic 

altered dominance in recruitment patterns in, 35-39 
upper trapezius, dominance of, 35-36 
hamstring, dominance of, over abdominal muscles, 

36-37,37f 
examples of, 37-39 

dissociated length changes in, 28 
length imbalances in, 28t 

Muscle and movement impairments, 143-144 
Muscle fibers, factors affecting, 16 
Muscle length, 19-34 

impairments of 
compensatory relative flexibility, 30-31 
dissociated length changes in synergistic muscles, 28 
increased muscle length related to strain, 20-23 
lengthened muscle secondary to anatomic adaptation, 

23-26 
muscle and soft-tissue stiffness, 28-33, 33f 
over-stretch wealrness, 19 
shortened muscle cause by anatomic adaptation-loss 

ofsarcomeres, 26-28 
mechanisms for lengthening, 19 

Muscle length adaptation, anatomic, 23f 
Muscle performance, weakness in, 15 
Muscle strength 

decreased, 17-19 
impairments of, 16-19 
increased, from hypertrophy, 19 

Muscle testing, manual, 1, 2 
Muscle weakness, causes of, 17 
Muscles. See Specific muscles 
Muscular system, base element impairment of, 16-33 

muscle length, 19-33 
muscle strength, impairments of, 16-19 

Muscular system, base element impairments of, 16-33 
Musculoskeletal pain syndrome (MPS), 26 

cause identification versus symptom reduction, 7 
diagnosis and management of, 5-6 
prevalence of, 5 
structures affected by, 6 
treatment approaches based on intervention, 6-7 

Myelocele, meningeal, 144 
Myosin, 17 

N 

Neck pain, 218 
Nervous system, modular element impairments of, 35-41 

eccentric contraction, patterns of, 40-41 
recruitment and relative flexibility, 39-40 
recruitment patterns, altered, 35 
recruitment patterns of synergistic muscles, altered 

dominance in, 35-39 
role of, in the activation of muscle, 2 

Neuromuscular and skeletal systems, peripheral, 
dysfunction of, 1-2 

NUSTEP conference, 2 

o 
Obesity, with large thorax, 219 
Obturator internus and externus, 138 
Optotrak, 18f 
Osteoarthritis of lumbar spine, 74,76 
Osteokinematics, 45 
OsteoporosiS, 368 

p 

Pain, localized, terms commonly used to describe, 5 
Pain, musculoskeletal. See also Musculoskeletal pain 

syndrome 
Pain syndromes, movement as cause of, 3-4 
Path of instantaneous center of rotation (PIeR), 12, 14[ 
Pathokinesiologic model of movement, 10-12, llf 
Pathokinesiology, 10 
Pathology, Implications for the Physical Therapist, 76 
Pectineus, 138 
Pectoralis major, 211, 212f 
Pectoralis minor, 210 

attachments of, 210f 
length of, upper quarter test for, 338-340 
shortness of, 210, 211f 
stretching of, 382 

Pelvic girdle motions, 134 
Pelvis 

abduction of, 135 



Pelvis-cont'd 
adduction of, 135 
anterior trunk muscles affecting, 135-136 
control of, with lower extremity motion in corrective 

exercise, 371 
faulty alignment of, 55f 

female, variation in, 123 
hip, and thigh, muscles of, 137f 

in normal alignment of hip, 122-124 
posterior muscles affecting, 136 
tests for, 321 
tilt of, exaggerated, 39-40, 40t 

Peroneus brevis, 142 
Peroneus longus, 142 
Peroneus longus and brevis, 142f 

Peroneus tertius, 142 
PGM. See Posterior gluteus medius 
Physical therapy (PT), evolution of, 1 
Physical therapy profession, future growth of, 3 
PICR. See Path of instantaneous center of rotation 
Piriformis, 15, 16, 138 
Piriformis syndrome, 138, 154 
Poliomyelitis, 1 
Position effects, assessment of, 81, 82 
Position test, 264 

prone, 296 
side-lying, 292 

Posterior gluteus medius, 125, 134 
Posterior superior iliac spine (PSIS), 52, 122 
Posture 

alterations in 42!, 43f 

habits of, correction of, 91 
Postures,sustained,13 
Prone position, tests for assessment during, 80-81 
Prone tests, 296-304, 323-324, 364-365 

hip extension with knee extended, 302, 302f 

hip extension with knee flexed, 302-304, 302f 
hip lateral rotation, 300, 300f 

hip medial rotation, 298-300, 298f 

position, 296 
PT. See Physical therapy 

Q 

Quadratus lumborum, 67-68,136 
Quadriceps femoris, 138 
Quadruped position, 365-366 

corrective exercises in, 390-393 
tests for assessment during, 81 

Quadruped tests, 304-310, 324-325 
alignment,304-308,30{f 
rocking backward toward heels, 308 
rocking forward test, 308 
shoulder flexion, 310, 310f 

R 

Range of motion, 58 
Recovery phase, 1 
Recruitment and relative flexibility, 39-40 
Recruitment patterns, altered, 35 
Rectus abdominis, 69, 73, 135, 136f 

Rectus femoris, 31, 137, 138, 139f 
Repetitive use injuries, 5 
Retrotorsion, 125 
Retroversion. See Retrotorsion 
Return from forward bending test, 272 
Rhomboid, 208 
Rhomboid dominance, test for, 205, 206!, 350 
Rocking, assessment of motion, 81 
Rocking, quadruped, 390-391 
Rocking backward toward heels, upper quarter test, 

352-354 
Rocking backward toward heels test, 308 
Rocking forward test, 308 
Rocking forward, upper quarter test, 354 
Rolling, tests for assessment during, 84 
Rotation 

assessment of, 77, 83-84 
impaired, 79f 

lumbar, 61-63 
of hip, 135 
of pelvis, 134 
pelvic, assessment of, 123f-124 

standing movement tests for, 321 
tibiofemoral, excessive, 126f 

Rotation of lumbar spine, normal and impairments of, 
61-63 

Rotator cuff, 205!, 212 
Rotator cuff tear, 218, 234 
Rotator cuff tendinopathy or impingement, 218 

s 
Sacroiliac dysfunction (SI), 107-108 
Sarcomeres, 16 

addition of, 23-26 
loss of, 26-28 

Sartorius, 137 
Scapula 

abducted, and humeral rotation, 215f 

adducted, 196!, 209-210 
alignment of, normal and impaired, 195-198 
bursitis in 225 
downwardly rotated, 219t 

elevation of, 208f 

excessive abduction of, 202!, 225f 

glossary of motions of, 199, 201 
insufficient rotation of, 220f 

Inoex 
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Scapula-cont'd 
movement impairment syndromes of, 216-244 

alignment and movement, relationship between, 
216-217 

scapular abduction syndrome, 225-228 
scapular depression syndrome, 223-225 
scapular downward rotation syndrome, 217-222 
scapular syndrome, criteria for diagnosis of, 217 
scapular winging syndrome, 228-230, 229f 

tendinopathy in, 225 
tilted, 197f 

winged, 198f 

winging of, 411, 203, 204f 

Scapulae, adducted, 23 
Scapular abduction, 250-251 
Scapular abduction syndrome, 225-228 

case presentation, 227-228 
confirming tests, 226 
movement pattern impairments, 225-226 
muscle impairments, 226 
symptoms, pain problems, and associated diagnoses, 225 
treatment of, 226-227 

Scapular depression, 248-249 
Scapular depression syndrome, 223-225 

case presentation, 224-225 
treatment of, 224 

Scapular downward rotation syndrome, 217-222, 234 
case presentation, 222-223 
confirming tests, 221 
muscle impairments, 219-221 
relative flexibility and stiffness impairments, 219 
symptoms, problems, and associated diagnoses, 217-218 
treatment of, 221-222 

Scapular downward rotation, 246-247 
Scapular winging and tilting, 252-253 
Scapular winging syndrome, 228-230, 229f 

Scapulohumeral,212-216 
Scapulothoracic joint, 13f 

Sciatica, 42, 158, 199, 219, 226, 228 
Semimembranosus, 139 
Semitendinosus, 139 
Serratus anterior, 23, 208 
Shoulder 

abducted forward, 197f 

alignment of, normal and impaired, 194-195 
depressed, 223f 

frozen, 241 
magnetic resonance imaging of, 214-215 

Shoulder abduction 
in corrective exercises, 396, 398 

with lateral rotation, 380-381 
upper quarter tests for, 336-338 

Shoulder extension, upper quarter examinations for, 334-335 

Shoulder flexion, 209f-21Of 

assessment of, 81 
in corrective exercise, 395-398 
upper quarter examinations for, 332-334 
upper quarter tests for, 340-342, 354 

Shoulder flexion, lateral rotation, and scapular adduction in 
corrective exercise, 384-385 

Shoulder flexion test, 310, 310f 

Shoulder flexion to 180 degrees, assessment of, 78 
Shoulder girdle 

motions of, 199-206 
movement patterns, 201-206 
movement impairment syndromes 

and motions of shoulder girdle, 199-206 
of humerus, 231-244 
of scapula, 216-230 
muscular actions of shoulder girdle, 206-216 
normal alignment of shoulder girdle, 194-199 

muscles of, 208f 

muscular actions of, 206-216 
scapulohumeral muscles, 212-216 
thoracohumeral muscles, 211-212 
thoracoscapular muscles, 206-211 

normal and impaired alignment of 
humerus, 198-199 
scapula, 195-198 
shoulders, 194-195 
thoracic spine, 199 

Shoulder lateral rotation, upper quarter tests for, 346-348, 
346f 

Shoulder medial rotation, 258-259 
Shoulder medial rotation syndrome 

case presentation, 240 
confirming tests, 238, 239f 

movement pattern impairments, 238 
muscle impairments, 238 
muscle length and strength impairments, 238 
relative flexibility and stiffness impairments, 238 
symptoms, pain problems, and associated diagnoses, 

237-238 
treatment of, 238-239 

Shoulder medial rotation, upper quarter tests for, 344, 344f 

Shoulder rotation in corrective exercise, 381-382, 389-390 
S1. See Sacroiliac dysfunction 
Side bending. See also Flexion, lateral 

impaired, 78f 

in corrective exercise, 369 
Side bending test, 272, 320-321 
Side-lying tests, 292-296, 323 

hip abductionllateral rotation, 292-296, 292f 

hip adduction, 296 
position, 292 

Single leg stance test, 77, 270, 321 
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Single-leg standing, in corrective exercise, 369-370 
Sitting 

nornlal alignment and impairments of lumbar spine 
during, 54-57 

tests for assessment during, 82, 84 
Sitting hip flexion test, 314, 314f 

Sitting knee extension and ankle dorsiflexion, 310-313, 310f 

Sitting position, corrective exercises in, 393-395 
Sitting tests, 310-315, 325-326 

alignment, 310 
hip rotation, 314 
sitting hip flexion, 314, 314f 

sitting knee extension and ankle dorsiflexion, 310-313, 
310f 

Sitting to standing, tests for assessment during, 84 
Skeletal system, base element impairments of, structural 

variations in joint alignment, 34-35, 34f 

Skeletal systems, neuromuscular and, peripheral, 
dysfunction of, 1-2 

SLR. See Straight leg raise test 
Soleus, 140, 142 
Spinal rotation test, 274 
Spine, degenerative conditions of, 74. See also Lumbar 

rotation-extension syndrome with or without 
radiating symptoms 

Spine, lumbar 
assessnlento~ 53f 
motions of, 57-74 

compression, 63-64 
extension of lumbar spine, 60-61 
flexion, 58-60, 63, 64f 
path of instantaneous center of rotation (PIeR), 57-58 
return from flexion, 60 
rotation, 61-63 
translation, 63 

movement impairment syndromes of, 51-119. See also 
Specific impairment syndrome 

muscular actions of, 65-74 
abdominal muscles, 69-73 
back muscles, 65-69 
sitting, 54-57 
standing, 52-54, 52!, 53!, 54!, 55f 

normal alignment of the lumbar spine, 52-57 
osteoarthritis of, 74, 76 
test for, 322 

Spine 
movement impairment syndromes of, 45 
shape of, 52f 

thoraCiC, 199 
PSIS. See Superior posterior iliac spine 
Spondylolisthesis, 63, 74, 75 
Stair climbing, tests for assessment during, 84 
Standing, normal aligmnent and impairments of lumbar 

spine during, 52-54, 52!, 53!, 54!, 55f 

Standing, tests for assessment during, 76-77, 82-83, 84 
back to wall tests, 360 
facing wall tests, upper quarter exanlination, 356-360, 

356!, 358f 

Standing movement tests, 268-274, 320-321 
bilateral hip/knee flexion (partial squat), 268-270 
forward bending, 270-272 
return from forward bending, 272 
side bending, 272 
single-leg stance, 270 
spinal rotation, 274 

Standing position, corrective exercises in, 368-370 
Standing tests, 263-268, 316-317, 320, 362-363 

alignment, 264-268 
back to wall, 316, 316f 

position, 264 
Statics, effects of gravitational forces, 42-44 
Stenosis, spinal, 74-75 
Sternoclavicular joint pain, 218 
Sternocleidomastoid, 58 
Stiffness, 28-33, 30!, 33f 

anatomic variations due to, 33f 

clinical relevance of, 32 
lumbar spinal, 61, 63 
variations in, 30-31, 33f 

Straight-leg raise, assessment of, 78 
Straight leg raise test, 284-286, 284f 
Straight-leg raises, in corrective exercises, 378 
Straight-leg raising, 37 
Strain 

and decreased muscle strength, 19 
increased muscle length secondary to, 20-23, 2lf 
of right thoracoscapular muscles, 22f 

Stress, tissue response to, 46f 

Stress requirement, 3 
Stretching, passive, effects of, 26. See also Specific exercises 
Subluxation, humeral, 218, 225 
Subscapularis, 215 

hypertrophy of, 198 
Supine position 

corrective exercises in, 37l-382 
tests for assessment during, 77-78 

Supine test, lower abdominal, external oblique, and rectus 
abdominis performance, 280-282, 280f 

Supine tests, 274-292, 321-322, 363-364 
double knee to chest, 274, 274f 

hip abductionllateral rotation with hip flexed, 288-290, 
288f 

hip flexor length test, 276-278, 276f 

iliopsoas test, 286-288 
straight leg raise test, 284-286, 284f 

trunk curl-sit up, 282-284, 282f 

unilateral hip and knee flexion (single knee to chest), 
290-292, 290f 



In()ex 

Support elements, impairment of, 47-48 
Supraspinatus, 214 
Supraspinatus tendon, compression of, 215f 
Swayback posture, 37, 137, 139f 
Symptom source and restricted use approach, 6 
System-focused approach, 6 

T 

Taping, in treatment of muscle strain, 22, 22f 
Tendinitis, calcific, 234 
Tendinopathy, 194 

in scapula, 225 
supraspinatus, 234 

Tensor fascia lata (TFL), 15,28,63 
Tensor fascia lata-iliotibial band (TFL-ITB), 128, 1281, 136f 
Tensor fascia lata-iliotibial band stretch, 384 
Teres major, 216 
Teres minor, 215 
Tests. See Examinations for lower and upper quarter 

movement impairment; Specific tests 
TFL-ITB. See Tensor fascia lata-iliotibial band 
TFL. See Tensor fascia lata 
Thixotropy, 29 
Thoracic outlet or neural entrapment, 218. See also Thoracic 

outlet syndrome 
Thoracic outlet syndrome, 210 
Thoracic spine, alignment of, 199 
Thoracohumeral muscles, 211-212 

strain of, 22f 
Thorax, large, in scapular abduction syndrome, 226 
Tibial varum. See Genu varum 
Tibialis anterior, 140, 141, 142f 
Tibialis posterior, 142 
Tilt 

of scapula, 252-253 
pelvic, 134 

assessment of, 122, 123f 
Titin,29 
Torsion 

angle of, 125 
tests of, 127 

Torsion, tibial, 131, 1321, 1331, 134f 
Translation motion, 63 
Transversus abdominis, 35, 73, 135 
Trapezius, 207 

upper quarter tests for, 348-350 
Trapezius muscle exercise progression, 388-389 
Trandelenburg test, 155 
Tribology, 12 
Trochanter, greater, 16 
Trunk-curl sit-up in corrective exercise, 376-377 
Trunk curl-sit up test, 282-284, 282f 

u 
Unilateral hip and knee flexion (single knee to chest) test, 

290-292, 290f 
Unilateral hip/knee flexion test, 322-323 
Upper trapezius, dominance of, 35-36 

v 
Vastus intermedius, 138 
Vastuslateralis, 138 
Vastus medialis oblique (VMO), 46, 138 
Vertebrae. See Spine, lumbar 
VMO. See Vastus medialis oblique 

W 

Walking 
corrective exercises in, 398-399 
tests for assessment during, 82, 84 

Weakness 
consequences of, 1 
muscle, causes of, 17 
over-stretch, 19 

case presentation, 20 
Winging of scapula, 252-253, 41f 

Wolffs law, 43 
Wrist flexion during finger extension, 40, 41f 
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